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The efficacy and safety of percutaneous coronary 
interventions have been improved by the advent of drug-
eluting stents (DES) in conjunction with adjunctive 
medical treatment (1). Although previous studies have 
demonstrated the efficacy of DES in reducing neointimal 
hyperplasia and clinical restenosis compared to bare-metal 
stents (2,3), the increased incidence of late or very late stent 
thrombosis after DES implantation remains an important 
concern due to its clinical consequences, including 
myocardial infarction and death in up to 80% (4-6). Early 
stent thrombosis is largely independent of stent type and 
mainly related to procedural variables, such as major edge 
dissections and stent underexpansion (7). In contrast, the 
mechanisms underlying late or very late stent thrombosis 
are still poorly defined, but premature of dual antiplatelet 
therapy (DAPT) discontinuation may play a major role (8). 
Nevertheless, prolonged DAPT has a clinical impact since 
it increases both bleeding risk (9,10). Furthermore, a 
series of interventions like endoscopic, dental, and surgical 
procedures are often delayed because of prolonged DAPT, 
thus affecting the patient’s quality of life (11). On the bases 
of all these considerations, determining the optimal (or 
minimal necessary) duration of DAPT is very important.

The results of previous studies investigating DAPT 
duration, even after the introduction of new-generation 
DES, are conflicting. Indeed, trials have shown that a shorter 
therapy may be sufficient to prevent cardiovascular events 
after DES implantation, but their data are inconsistent 
in terms of the stent types and are underpowered for low 

frequency endpoints such as stent thrombosis (12-15). To 
date, the largest amount of data about DAPT duration 
after DES implantation is provided by the DAPT trial (16). 
According to DAPT trial, major adverse cardiovascular 
events, including stent thrombosis, were reduced in patients 
with DAPT further 18 months (4.3% vs. 5.9%, HR, 0.71; 
95% CI: 0.59 to 0.85 for major cardiovascular events; 
0.4% vs. 1.4%, HR, 0.29; 95% CI: 0.17 to 0.48 for stent 
thrombosis), but risk for bleeding was increased (2.5% vs. 
1.6%, P=0.001). However, the characteristics of enrolled 
population, patients without an ischemic or bleeding event 
during the first 12 months after DES implantation and with 
fully DAPT compliance, limit the trial findings impact in 
clinical practice. Recently, the double-blind PEGASUS-
TIMI 54 study has also demonstrated that in patients with a 
myocardial infarction more than 1 year previously, a longer 
treatment with ticagrelor significantly reduced the risk of 
cardiovascular death, myocardial infarction, or stroke (HR 
for 90 mg of ticagrelor vs. placebo, 0.85; 95% CI: 0.75 to 
0.96; HR for 60 mg of ticagrelor vs. placebo, 0.84; 95% CI: 
0.74 to 0.95) and increased the risk of major bleeding (2.60% 
with 90 mg and 2.30% with 60 mg, 1.06% with placebo, 
P<0.001 for each dose vs. placebo) with similar rates of 
intracranial haemorrhage or fatal bleeding (0.63% with 
90 mg, 0.71% with 60 mg and 0.60% with placebo) (17).  
Subsequently, full evaluation of data has demonstrated 
that high-risk ischaemic subgroups, such as patients with 
renal dysfunction, have a significant net clinical benefit by a 
longer DAPT duration, because of the greater absolute risk 
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in this subgroup (18).
According to these conflicting data recommendations 

about DAPT duration following DES are inconsistent. 
The American College of Cardiology and American Heart 
Association guidelines recommend DAPT for ≥12 months 
after DES implantation (19), whereas in the European 
Society of Cardiology guidelines 6-month DAPT is 
permitted for new generation DES treatment in stable 
coronary disease (20).

In the context of this intense debate Hong et al. have 
investigated clinical outcomes in 1,400 patients undergone 
long length (total stent length >45 mm) everolimus eluting 
stent implantation randomized to receive 6- or 12-month 
DAPT (21). Their data are extrapolated by the IVUS-XPL 
and, as mentioned by the authors, the sample size estimation 
was not performed on the basis of testing the different 
DAPT durations and the 6-month arm was open label and 
not placebo controlled. At 1 year follow up the incidence 
of the primary endpoint (composite of cardiac death, 
myocardial infarction, stroke or TIMI major bleeding) and 
define or probable stent thrombosis were similar in the 
two groups (2.2% in 6-month group vs. 2.1% in 12-month 
DAPT group for the primary endpoint and 0.3% in both 
groups for define or probable stent thrombosis). According 
to these data a short DAPT duration, balancing between 
stent thrombosis prevention and reduction of bleeding risk, 
is safe also for patients with complex and length lesions 
treated with new generation everolimus-eluting stents. 

In previous randomized studies investigating optimal 
DAPT duration the use of different types of second-
generation DES may concur explain the observed results. 
Indeed, a significant interaction between DES type and 
DAPT duration for cardiovascular events was demonstrated 
in DAPT trial (16). Similar to Hong study, the ITALIC 
trial, investigating the optimal DAPT duration in 
everolimus eluting stents, has reported the safety of shorter 
therapy duration (22). The favourable strut coverage 
of everolimus eluting stent, as demonstrated by optical 
coherence tomographic study (23), could be explained the 
low rate of cardiovascular events in short duration of DAPT 
after this stent type implantation.

Hong et al. have also shown no significant differences 
in the clinical outcomes of diabetic patients. This finding 
disagreed with the EXCELLENT pre-specified subgroup 
analysis of diabetic patients, in which target vessel failure 
occurred more frequently in the 6-month DAPT group than 
in the 12-month group (HR, 3.16; 95% CI: 1.42–7.03) (12).  
Instead in a recent meta-analysis of 15 studies, a prolonged 

DAPT following PCI was associated with similar adverse 
clinical outcomes (OR: 1.03; 95% CI: 0.65–1.64) but with 
a significantly increased BARC defined bleeding (OR: 1.92, 
95% CI: 1.58–2.34) compared to a short term DAPT use in 
diabetic patients (24).

Furthermore a post hoc subgroup analyses of IVUS-
XPL had also revealed that a prolonged DAPT tended to 
have better clinical outcomes in patients with angiographic 
guidance compared to IVUS guidance (HR, 0.33; 95% CI: 
0.09–1.21). This finding is the most important data in term 
of clinical application. Procedural variables, such as major 
edge dissections and stent underexpansion have always 
considered predictors of early stent thrombosis, indeed 
their role has remain poorly defined in late and very late 
thrombosis. Recently Taniwaki et al. have demonstrated 
that malapposition and stent underexpansion, without 
differences between patients treated with early- and new-
generation DES, are the leading associated findings to 
late and very late stent thrombosis (25). Therefore the 
use of imaging technique in PCI optimization to reduce 
malapposition, underexpansion and edge dissection, should 
be considered above all in high risk bleeding patients to 
reduce DAPT duration.

Recent data suggest that the new-generation DES with 
biodegradable polymer might be associated with a less 
incidence of late stent thrombosis compared with durable 
polymer DES. The absorbable polymer might promote 
vascular healing, permitting a shortened duration of DAPT. 
A post hoc analysis of the multicenter registry of the 
Multi-Center Registry of EXCEL Biodegradable Polymer 
Drug Eluting Stents (CREATE) study demonstrated 
that prolonged DAPT (greater than 6 months) after 
biodegradable polymer-coated DES increases the risk 
of bleeding (OR: 1.814; 95% CI: 1.064–3.091), and is 
associated with adverse cardiac events at 1-year follow-up 
(P<0.001) (26). The limitations of non-randomized trial of 
this post hoc analysis are resolved in the Evaluate Safety and 
Effectiveness of the Tivoli DES and the Firebird DES for 
Treatment of Coronary Revascularization (I-LOVE-IT 2) 
trial. Indeed this prospective, multicentre, randomized study 
has demonstrated that 6-month DAPT seemed non inferior 
to 12-month DAPT in 1,829 patients who underwent PCI 
with a new-generation biodegradable polymer sirolimus-
eluting stent implantation (27).

A l t h o u g h  d a t a  o n  t h e  s a f e t y  o f  s h o r t  D A P T 
duration after long length everolimus eluting stent and 
biodegradable polymer stent implantation are promising, 
all-comer randomized trials with long clinical follow-up 
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are required to confirm these findings. Furthermore an 
optimal management of DAPT should be an individualized 
management in which a prolonged DAPT is used in high 
risk ischaemic patients with a significant net clinical benefit 
by prolonged therapy, and conversely, a shorter DAPT is 
adopted in clinical setting of unnecessary or deleterious 
prolonged therapy.

 

Acknowledgements

None.

Footnote

Conflicts of Interest: The authors have no conflicts of interest 
to declare.

References

1.	 Stefanini GG, Holmes DR Jr. Drug-eluting coronary-
artery stents. N Engl J Med 2013;368:254-65. 

2.	 Colombo A, Drzewiecki J, Banning A, et al. Randomized 
study to assess the effectiveness of slow- and moderate-
release polymer-based paclitaxel-eluting stents for 
coronary artery lesions. Circulation 2003;108:788-94.

3.	 Moses JW, Leon MB, Popma JJ, et al. Sirolimus-eluting 
stents versus standard stents in patients with stenosis in a 
native coronary artery. N Engl J Med 2003;349:1315-23.

4.	 Pfisterer M, Brunner-La Rocca HP, Buser PT, et al. Late 
clinical events after clopidogrel discontinuation may limit 
the benefit of drug-eluting stents: an observational study of 
drug-eluting versus bare-metal stents. J Am Coll Cardiol 
2006;48:2584-91.

5.	 Daemen J, Wenaweser P, Tsuchida K, et al. Early and 
late coronary stent thrombosis of sirolimus-eluting and 
paclitaxel-eluting stents in routine clinical practice: 
data from a large two-institutional cohort study. Lancet 
2007;369:667-78.

6.	 van Werkum JW, Heestermans AA, de Korte FI, et al. 
Long-term clinical outcome after a first angiographically 
confirmed coronary stent thrombosis: an analysis of 431 
cases. Circulation 2009;119:828-34. 

7.	 Holmes DR Jr, Kereiakes DJ, Garg S, et al. Stent 
thrombosis. J Am Coll Cardiol 2010;56:1357-65. 

8.	 Iakovou I, Schmidt T, Bonizzoni E, et al. Incidence, 
predictors, and outcome of thrombosis after 
successful implantation of drug-eluting stents. JAMA 
2005;293:2126-30.

9.	 Yusuf S, Zhao F, Mehta SR, et al. Effects of clopidogrel 
in addition to aspirin in patients with acute coronary 
syndromes without ST-segment elevation. N Engl J Med 
2001;345:494-502.

10.	 Hallas J, Dall M, Andries A, et al. Use of single and 
combined antithrombotic therapy and risk of serious upper 
gastrointestinal bleeding: population based case-control 
study. BMJ 2006;333:726.

11.	 Iwata Y, Kobayashi Y, Fukushima K, et al. Incidence of 
premature discontinuation of antiplatelet therapy after 
sirolimus-eluting stent implantation. Circ J 2008;72:340-1.

12.	 Gwon HC, Hahn JY, Park KW, et al. Six-month versus 
12-month dual antiplatelet therapy after implantation 
of drug-eluting stents: the Efficacy of Xience/Promus 
Versus Cypher to Reduce Late Loss After Stenting 
(EXCELLENT) randomized, multicenter study. 
Circulation 2012;125:505-13. 

13.	 Valgimigli M, Campo G, Monti M, et al. Short- versus 
long-term duration of dual-antiplatelet therapy after 
coronary stenting: a randomized multicenter trial. 
Circulation 2012;125:2015-26. 

14.	 Kim BK, Hong MK, Shin DH, et al. A new strategy 
for discontinuation of dual antiplatelet therapy: the 
RESET Trial (REal Safety and Efficacy of 3-month dual 
antiplatelet Therapy following Endeavor zotarolimus-
eluting stent implantation). J Am Coll Cardiol 
2012;60:1340-8.

15.	 Feres F, Costa RA, Abizaid A, et al. Three vs. twelve 
months of dual antiplatelet therapy after zotarolimus-
eluting stents: the OPTIMIZE randomized trial. JAMA 
2013;310:2510-22.

16.	 Mauri L, Kereiakes DJ, Yeh RW, et al. Twelve or 30 
months of dual antiplatelet therapy after drug-eluting 
stents. N Engl J Med 2014;371:2155-66.

17.	 Bonaca MP, Bhatt DL, Cohen M, et al. Long-term use of 
ticagrelor in patients with prior myocardial infarction. N 
Engl J Med 2015;372:1791-800.

18.	 Magnani G, Storey RF, Steg G, et al. Efficacy and safety 
of ticagrelor for long-term secondary prevention of 
atherothrombotic events in relation to renal function: 
insights from the PEGASUS-TIMI 54 trial. Eur Heart J 
2016;37:400-8.

19.	 Levine GN, Bates ER, Blankenship JC, et al. 2011 
ACCF/AHA/SCAI Guideline for Percutaneous Coronary 
Intervention: a report of the American College of 
Cardiology Foundation/American Heart Association 
Task Force on Practice Guidelines and the Society 
for Cardiovascular Angiography and Interventions. 



S94 Aurigemma et al. DAPT after drug eluting stent implantation

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2017;7(Suppl 2):S91-S94cdt.amegroups.com

Circulation 2011;124:e574-651. 
20.	 Authors/Task Force members, Windecker S, Kolh P, 

et al. 2014 ESC/EACTS Guidelines on myocardial 
revascularization: The Task Force on Myocardial 
Revascularization of the European Society of Cardiology 
(ESC) and the European Association for Cardio-
Thoracic Surgery (EACTS)Developed with the special 
contribution of the European Association of Percutaneous 
Cardiovascular Interventions (EAPCI). Eur Heart J 
2014;35:2541-619. 

21.	 Hong SJ, Shin DH, Kim JS, et al. 6-Month Versus 
12-Month Dual-Antiplatelet Therapy Following Long 
Everolimus-Eluting Stent Implantation: The IVUS-
XPL Randomized Clinical Trial. JACC Cardiovasc Interv 
2016;9:1438-46. 

22.	 Gilard M, Barragan P, Noryani AA, et al. 6- versus 
24-month dual antiplatelet therapy after implantation of 
drug-eluting stents in patients nonresistant to aspirin: the 
randomized, multicenter ITALIC trial. J Am Coll Cardiol 
2015;65:777-86. 

23.	 Kim JS, Kim JH, Shin DH, et al. Serial randomized 
comparison of strut coverage of everolimus- and first-

generation sirolimus-eluting stents. Can J Cardiol 
2015;31:723-30. 

24.	 Bundhun PK, Yanamala CM, Huang F. Should a 
prolonged duration of dual anti-platelet therapy be 
recommended to patients with diabetes mellitus following 
percutaneous coronary intervention? A systematic review 
and meta-analysis of 15 studies. BMC Cardiovasc Disord 
2016;16:161. 

25.	 Taniwaki M, Radu MD, Zaugg S, et al. Mechanisms of 
Very Late Drug-Eluting Stent Thrombosis Assessed 
by Optical Coherence Tomography. Circulation 
2016;133:650-60.

26.	 Zhang L, Li Y, Jing QM, et al. Dual antiplatelet therapy 
over 6 months increases the risk of bleeding after 
biodegradable polymer-coated sirolimus eluting stents 
implantation: insights from the CREATE study. J Interv 
Cardiol 2014;27:119-26. 

27.	 Han Y, Xu B, Xu K, et al. Six Versus 12 Months of Dual 
Antiplatelet Therapy After Implantation of Biodegradable 
Polymer Sirolimus-Eluting Stent: Randomized Substudy 
of the I-LOVE-IT 2 Trial. Circ Cardiovasc Interv 
2016;9:e003145.

Cite this article as: Aurigemma C, Burzotta F, Trani C. The 
optimal duration of dual antiplatelet therapy after implantation 
of drug-eluting coronary stents: an unanswered question. 
Cardiovasc Diagn Ther 2017;7(Suppl 2):S91-S94. doi: 10.21037/
cdt.2017.01.08


