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ABSTRACT

BACKGROUND The incidence, predictors, and prognostic impact of post-discharge bleeding (PDB) after percutaneous

coronary intervention (PCI) with drug-eluting stent (DES) implantation are unclear.

OBJECTIVES This study sought to characterize the determinants and consequences of PDB after PCI.

METHODS The prospective ADAPT-DES (Assessment of Dual Antiplatelet Therapy With Drug-Eluting Stents) study was

used to determine the incidence and predictors of clinically relevant bleeding events occurring within 2 years after

hospital discharge. The effect of PDB on subsequent 2-year all-cause mortality was estimated by time-adjusted Cox

proportional hazards regression.

RESULTS Among 8,582 “all-comers” who underwent successful PCI with DES in the ADAPT-DES study, PDB occurred

in 535 of 8,577 hospital survivors (6.2%) at a median time of 300 days (interquartile range: 130 to 509 days)

post-discharge. Gastrointestinal bleeding (61.7%) was the most frequent source of PDB. Predictors of PDB included

older age, lower baseline hemoglobin, lower platelet reactivity on clopidogrel, and use of chronic oral anticoagulation

therapy. PDB was associated with higher crude rates of all-cause mortality (13.0% vs. 3.2%; p < 0.0001). Following

multivariable adjustment, PDB was strongly associated with 2-year mortality (hazard ratio [HR]: 5.03; p < 0.0001), with

an effect size greater than that of post-discharge myocardial infarction (PDMI) (HR: 1.92; p ¼ 0.009).

CONCLUSIONS After successful PCI with DES in an unrestricted patient population, PDB is not uncommon and has

a strong relationship with subsequent all-cause mortality, greater that that associated with PDMI. Efforts to reduce

PDB may further improve prognosis after successful DES implantation. (Assessment of Dual Antiplatelet Therapy With

Drug-Eluting Stents [ADAPT-DES]; NCT00638794) (J Am Coll Cardiol 2015;66:1036–45) © 2015 by the American

College of Cardiology Foundation.

From the *Cardiovascular Research Foundation, New York, New York; yColumbia University Medical Center/NewYork-

Presbyterian Hospital, New York, New York; zHôpital du Sacré-Coeur de Montréal, Montréal, Québec, Canada; xIcahn School of

Medicine at Mount Sinai, New York, New York; kHelios Amper-Klinikum, Dachau, Germany; {Shaare Zedek Medical Center, Je-

rusalem, Israel; #LeBauer Cardiovascular Research Foundation/Cone Health, Greensboro, North Carolina; **Sanger Heart &

Vascular Institute/Carolinas HealthCare System, Charlotte, North Carolina; yyUniversitäts-Herzzentrum Freiburg Bad Krozingen,

Bad Krozingen, Germany; zzWellmont CVA Heart Institute, Kingsport, Tennessee; xxMinneapolis Heart Institute Foundation at

Abbott Northwestern Hospital, Minneapolis, Minnesota; kkCedars-Sinai Medical Center, Los Angeles, California; {{Lehigh Valley

Health Network, Allentown, Pennsylvania; ##Reid Heart Center, FirstHealth of the Carolinas, Pinehurst, North Carolina; ***The

Ohio State University Wexner Medical Center, Columbus, Ohio; and the yyyDipartimento Cardiovascolare, Policlinico S. Orsola,

University of Bologna, Bologna, Italy. Dr. Généreux has received speakers honoraria from Abbott Vascular. Dr. Witzenbichler has

served as a consultant and member of the advisory board for Volcano. Dr. Stuckey has served on the advisory board for and

received speakers honoraria from Boston Scientific. Dr. Rinaldi has served as a consultant for Abbott, Boston Scientific, and St.

Jude Medical. Dr. Metzger has served as a consultant for Abbott Vascular, Cordis, IDEV, Medtronic, and Volcano; and has received

honoraria from Abbott Vascular, TriVascular, and Bard. Dr. Henry has served as a member of the scientific advisory board

for Abbott Vascular, Boston Scientific, and The Medicines Company; and of the steering committee for TRANSLATE,

Eli Lilly, and Daiichi-Sankyo. Dr. Cox has served as a consultant for Abbott Vascular, Boston Scientific, Medtronic, and The

J O U R N A L O F T H E A M E R I C A N C O L L E G E O F C A R D I O L O G Y V O L . 6 6 , N O . 9 , 2 0 1 5

ª 2 0 1 5 B Y T H E A M E R I C A N C O L L E G E O F C A R D I O L O G Y F O U N D A T I O N I S S N 0 7 3 5 - 1 0 9 7 / $ 3 6 . 0 0

P U B L I S H E D B Y E L S E V I E R I N C . h t t p : / / d x . d o i . o r g / 1 0 . 1 0 1 6 / j . j a c c . 2 0 1 5 . 0 6 . 1 3 2 3

https://clinicaltrials.gov/ct2/show/NCT00638794
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jacc.2015.06.1323&domain=pdf
http://dx.doi.org/10.1016/j.jacc.2015.06.1323


T he optimal duration of dual antiplatelet
therapy (DAPT) after percutaneous coronary
intervention (PCI) with drug-eluting stents

(DES) remains a matter of active debate (1–3). While
DAPT is effective in preventing stent-related and
non–stent-related adverse ischemic events (4), pro-
longed DAPT use is associated with a substantial
risk of bleeding and possibly increased mortality
(5,6). Periprocedural bleeding after PCI has been
shown to be associated with increased short-term
and long-term morbidity and mortality across the
entire clinical spectrum of patients with coronary ar-
tery disease treated with PCI (7–9).

In contrast, the impact and contribution
of nonperiprocedural bleeding events to late mor-
tality is less certain, especially when compared to
post-discharge ischemic events such as myocardial
infarction (MI) (4,10). Therefore, we sought to
evaluate the incidence, predictors, and impact of
clinically significant bleeding occurring after hospi-
tal discharge following successful DES implantation
from the large-scale ADAPT-DES (Assessment of
Dual Antiplatelet Therapy With Drug-Eluting Stents)
study.

METHODS

STUDY POPULATION. The ADAPT-DES study was
a prospective, multicenter registry specifically
designed to determine the association between pla-
telet reactivity and stent thrombosis (ST) after DES.
The design and major outcomes of the ADAPT-DES
study have been previously described (11). In brief,
an “all-comers” population of 8,582 patients were
prospectively enrolled at 11 sites in U.S. and European
hospitals. All patients successfully treated with
1 or more DES and who were adequately loaded
with aspirin and clopidogrel were eligible for

enrollment, regardless of clinical presenta-
tion or lesion complexity. The only major
exclusion criteria were the occurrence of a
major complication during the procedure or
before platelet function testing, or if bypass
surgery was planned after PCI. Platelet
reactivity on aspirin and clopidogrel was
assessed after an adequate loading period to
ensure full antiplatelet effect using the Ver-
ifyNow Aspirin, P2Y12, and IIb/IIIa assays
(Accumetrics Inc., San Diego, California) (11).
After PCI, patients were treated with aspirin
indefinitely, and clopidogrel was recom-
mended for at least 1 year. All other treat-
ments were per standard of care. Clinical
follow-up was scheduled at 30 days, 1 year,
and 2 years. An independent clinical events
committee blinded to VerifyNow results adjudicated
all events using original source documents. The
institutional review board at each participating cen-
ter approved the study, and all eligible patients
signed written informed consent prior to enrollment.
For the present study, patients included in the
ADAPT-DES study were compared according to the
occurrence of post-discharge bleeding (PDB) at 2
years.

STUDY OBJECTIVES AND DEFINITIONS. The objec-
tives of the present study were to: 1) determine the
incidence of PDB in patients who were in-hospital
event-free after PCI with DES; 2) identify risk factors
associated with the occurrence of PDB; and 3) eval-
uate the time-dependent, multivariable adjusted
effect of PDB on mortality within 2 years after the
index procedure.

PDB was defined as the occurrence of any of the
following: a Thrombolysis In Myocardial Infarction
(TIMI) major or minor bleed; a Global Use of Strate-
gies to Open Occluded Arteries (GUSTO) severe or
moderate bleed; an Acute Catheterization and Urgent
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AB BR E V I A T I O N S

AND ACRONYM S

DAPT = dual antiplatelet

therapy

DES = drug-eluting stent(s)

MACE = major adverse cardiac

event(s)

MI = myocardial infarction

PCI = percutaneous coronary

intervention

PDB = post-discharge bleeding

PDMI = post-discharge

myocardial infarction

PRU = P2Y12 reactivity units

ST = stent thrombosis

TVF = target vessel failure
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