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Background-—Contemporary rates of oral anticoagulant (OAC) therapy and associated outcomes among patients undergoing
percutaneous coronary intervention (PCI) have been poorly described.

Methods and Results-—Using data from an integrated health care system from 2009 to 2014, we identified patients on OACs
within 30 days of PCI. Outcomes included in-hospital bleeding and mortality. Of 9566 PCIs, 837 patients (8.8%) were on OACs, and
of these, 7.9% used non–vitamin K antagonist agents. OAC use remained stable during the study (8.1% in 2009, 9.0% in 2014;
P=0.11), whereas use of non–vitamin K antagonist agents in those on OACs increased (0% in 2009, 16% in 2014; P<0.01).
Following PCI, OAC-treated patients had higher crude rates of major bleeding (11% versus 6.5%; P<0.01), access-site bleeding
(2.3% versus 1.3%; P=0.017), and non–access-site bleeding (8.2% versus 5.2%; P<0.01) but similar crude rates of in-hospital stent
thrombosis (0.4% versus 0.3%; P=0.85), myocardial infarction (2.5% versus 3.0%; P=0.40), and stroke (0.48% versus 0.52%;
P=0.88). In addition, prior to adjustment, OAC-treated patients had longer hospitalizations (3.9�5.5 versus 2.8�4.6 days;
P<0.01), more transfusions (7.2% versus 4.2%; P<0.01), and higher 90-day readmission rates (22.1% versus 13.1%; P<0.01). In
adjusted models, OAC use was associated with increased risks of in-hospital bleeding (odds ratio 1.50; P<0.01), 90-day
readmission (odds ratio 1.40; P<0.01), and long-term mortality (hazard ratio 1.36; P<0.01).

Conclusions-—Chronic OAC therapy is frequent among contemporary patients undergoing PCI. After adjustment for potential
confounders, OAC-treated patients experienced greater in-hospital bleeding, more readmissions, and decreased long-term survival
following PCI. Efforts are needed to reduce the occurrence of adverse events in this population. ( J Am Heart Assoc. 2016;5:
e004310 doi: 10.1161/JAHA.116.004310)
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B leeding complications following percutaneous coronary
intervention (PCI) are associated with increased short-

and long-term morbidity and mortality.1–5 Oral anticoagulant
(OAC) use prior to coronary stenting is a significant predictor
of postprocedure bleeding events.6,7 Previous studies esti-
mated that the frequency of chronic OAC use among patients
undergoing PCI is between 3% and 7%.7–11 Many of these
analyses, however, examined selected patient populations,

such as those admitted with acute myocardial infarction (MI)
or atrial fibrillation, and preceded the market approval of non–
vitamin K antagonist OACs (NOACs).12 As such, the contem-
porary rate of chronic OAC use among all patients undergoing
PCI is presently unknown.

Furthermore, recent use of OAC therapy among ambula-
tory patients has increased,13,14 corresponding with the
growing use of NOACs, which are now prescribed as
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frequently as vitamin K antagonists (VKAs).14–17 Compared
with VKAs, NOACs are associated with reduced thromboem-
bolic events and severe bleeding in patients with atrial
fibrillation.18 Nevertheless, there is a lack of data assessing
management practices and outcomes among patients under-
going coronary stenting on NOAC therapy.19

With this in mind, we sought to determine contemporary
practice patterns and temporal trends in use of OAC therapies
among all patients undergoing coronary stenting, using data
from a large integrated health care system between 2009 and
2014. In addition, we examined the association of chronic
OAC therapy with short- and long-term outcomes and whether
these relationships were modified by use of NOACs in
addition to traditional VKAs.

Methods

Study Population
Partners HealthCare is an integrated health care system that
currently includes 8 Massachusetts hospitals, 21 community
health centers, and a network of independent ambulatory
practices with >500 affiliated primary care doctors. The PCI
cohort was derived from the Partners Long-Term Outcomes
Database, an ongoing, institutionally sponsored registry of
patients undergoing PCI within the Partners HealthCare
system.20 All PCIs in which patients presenting to 1 of 2
Partners HealthCare academic medical centers (Brigham and
Women’s Hospital and Massachusetts General Hospital)
between June 2009 and September 2014 were included.
If >1 PCI was performed in the same patient during the
same hospitalization, only the first PCI was included in the
analysis. There were no other exclusion criteria. The present
project was reviewed and approved with a waiver of informed
consent from the institutional review board at Partners
HealthCare.

Covariates
Clinical and procedural characteristics analyzed for all PCIswere
abstracted from institutional registry data, based on the data
collection form from theNational Cardiovascular Data Registry’s
(NCDR) CathPCI Registry. A full description of the data elements
of the CathPCI registry are available online (http://
cvquality.acc.org/~/media/QII/NCDR/Data%20Collection
%20Forms/CathPCI%20Registry_DataCollectionForm.ashx).21

Exposure of Interest
To determine chronic anticoagulant status, we developed an
algorithm that was applied to the entire electronic medical
record, including admission notes, consultation notes, nursing

notes, outpatient notes, catheterization reports, pharmacy
notes, discharge summaries, and medication prescriptions, to
identify the presence of OAC use within the 30 days
preceding the PCI. The algorithm was capable of searching
structured and unstructured data. The search terms included
the medications warfarin, Coumadin, dabigatran, Pradaxa,
rivaroxaban, Xarelto, apixaban, and Eliquis. Edoxaban was not
included because the study preceded its market approval. The
algorithm was designed to maximize sensitivity over speci-
ficity to provide a screen of the study population for patients
taking OAC therapy prior to PCI. To remove false-positive
records, all electronic medical records of identified OAC
patients were manually reviewed by 2 physicians (E.A.S. and
N.B.) to confirm documented OAC use within 30 days of the
admission. Of patients identified as taking OAC therapy,
70.6% were confirmed to be on OAC treatment and composed
the exposure group. Exclusion on manual review primarily
resulted from the algorithm incorrectly identifying patients for
whom phrases reflecting nonuse of OACs were found in
unstructured data (eg, “patient not on warfarin” in a clinic visit
note).

Additional data for OAC patients were also manually
collected and included: type and dose of anticoagulant at
admission, type and dose of antiplatelet at admission, aspirin
status and dose at admission, indication for anticoagulant,
use and duration of bridging agent prior to PCI, type and dose
of antiplatelet at discharge, aspirin status and dose at
discharge, type and dose of anticoagulant at discharge,
discontinuation of anticoagulant after PCI, and reason for
discontinuation of anticoagulant after PCI.

Outcome Measures
The primary outcome measures were in-hospital major
bleeding, in-hospital mortality, and long-term mortality. In-
hospital major bleeding was based on the NCDR version 4
definition,22 which included any of the following occurring
before hospital discharge: arterial access-site bleeding (de-
fined as external bleeding at the access site or a hematoma
>10 cm for femoral access, >5 cm for brachial access, or
>2 cm for radial access); retroperitoneal, gastrointestinal, or
genitourinary bleeding; intracranial hemorrhage; cardiac tam-
ponade; postprocedure hemoglobin decrease of 3 g/dL in
patients with a preprocedure hemoglobin level ≤16 g/dL; or
postprocedure non–bypass surgery–related blood transfusion
for patients with a preprocedure hemoglobin level ≥8 g/dL.
Long-term mortality was assessed through the National Death
Index and subsequent linkage with the institutional registry,
as described previously.23 Secondary outcome measures
included access-site bleeding (defined as external bleeding at
the access site, hematoma at the access site, or retroperi-
toneal bleeding), non–access-site bleeding (defined as

DOI: 10.1161/JAHA.116.004310 Journal of the American Heart Association 2

Chronic Oral Anticoagulant Use, PCI, and Outcomes Secemsky et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H

http://cvquality.acc.org/~/media/QII/NCDR/Data%20Collection%20Forms/CathPCI%20Registry_DataCollectionForm.ashx
http://cvquality.acc.org/~/media/QII/NCDR/Data%20Collection%20Forms/CathPCI%20Registry_DataCollectionForm.ashx
http://cvquality.acc.org/~/media/QII/NCDR/Data%20Collection%20Forms/CathPCI%20Registry_DataCollectionForm.ashx


gastrointestinal or genitourinary bleeding, intracranial hemor-
rhage, or cardiac tamponade), red blood cell transfusion,
postprocedure MI (new occurrence of a biomarker-positive MI
after PCI), in-hospital stent thrombosis (defined as a subse-
quent PCI performed during the same index hospitalization as
the related PCI for the indication of stent thrombosis),
cerebrovascular accident or stroke (defined as loss of
neurological function caused by an ischemic or hemorrhagic
event with residual symptoms lasting at least 24 hours after
onset or leading to death), and postprocedure length of stay in
days. In addition, readmissions to hospitals only within the
Partners HealthCare system were identified for all PCI
patients within 30 and 90 days of discharge.

Statistical Analysis
Clinical and procedural characteristics with dichotomous and
categorical variables were reported as counts and percent-
ages, and continuous variables were reported as means with
standard deviations. Between-group differences were
assessed using Fisher exact or chi-square tests for binary
and categorical variables and Student t tests or Wilcoxon rank
sum tests for continuous variables. Temporal trends were
analyzed using the Cochran-Armitage trend test. Kaplan–
Meier methods were used to estimate the cumulative
incidence of long-term mortality following PCI stratified by
use of OACs at admission, and log-rank tests were used to
compare the curves. Predicted risks of in-hospital bleeding
and in-hospital mortality were calculated for each group using
previously validated risk models developed within the NCDR
CathPCI Registry.22,24 Logistic regression models were cre-
ated to measure the association of OAC status at admission
with in-hospital outcomes. Cox proportional hazards models
were created to assess the influence of OAC use at admission
on long-term mortality following PCI. For all outcome models,
we adjusted by the propensity score predicting treatment
with an OAC. The propensity score was based on the following
variables: sociodemographic variables (age, sex, ethnicity, and
body mass index), comorbidities (tobacco use, diabetes
mellitus, hypertension, dyslipidemia, prior MI, prior coronary
artery bypass grafting, prior valve surgery, prior PCI, family
history of coronary artery disease, prior heart failure, chronic
lung disease, cerebrovascular disease, peripheral vascular
disease, renal failure, and anemia), clinical presentation (PCI
urgency, acute coronary syndrome, history of angina, history
of heart failure symptoms, cardiogenic shock, cardiac arrest,
ejection fraction, and need for mechanical support), and
procedural characteristics (lesion complexity, lesion location,
stent thrombosis, preprocedure thrombolysis in MI flow,
postprocedure thrombolysis in MI flow, arterial access site,
and multivessel disease). This propensity score was used as a
covariate for adjustment and had a C statistic of 0.772.

Because 31.8% of patients were missing data on ejection
fraction, these data were imputed by stratifying the population
based on history of heart failure, prior MI, preprocedure
cardiogenic shock, and the presence of ST-segment elevation
MI, as done previously.24 Similar analyses were performed to
examine the association between NOAC versus VKA use and
outcomes, limited to patients who were receiving OACs.
These models were adjusted by the propensity score for
receiving treatment with a VKA, based on the variables listed
above, which had a C statistic of 0.783.

A value of P<0.05 was considered statistically significant.
All statistical analyses were performed using SAS version 9.4
software (SAS Institute).

Results

Temporal Trends and Practice Patterns Among
Patients on OAC Therapy
From June 2009 through September 2014, a total of 9566
PCIs met the inclusion criteria. Of these procedures, 837
(8.8%) were performed in patients with OAC use within
30 days of admission. NOACs were used in 66 (7.9%) of these
PCIs, with VKAs used in the remainder. During the study
period, overall OAC use remained stable (8.1% of PCIs in
2009, 9.0% in 2014; P=0.11 for trend), whereas NOACs
comprised an increasing proportion of all OAC use among
PCIs (0% in 2009, 17.6% of OACs in 2014; P<0.01 for trend)
(Figure 1). Use of triple therapy (OAC plus a P2Y12 inhibitor

Figure 1. Temporal changes in use of NOACs compared with
VKAs among patients on chronic OAC therapy undergoing PCI
during the study period. Note the brisk increase in use of NOACs in
place of VKAs beginning in 2010, which corresponds with the
market approval of the first NOAC. NOAC indicates non-vitamin K
antagonist oral anticoagulant; OAC, oral anticoagulant; PCI, percu-
taneous coronary intervention; VKA, vitamin K antagonist.
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and aspirin) at discharge after PCI remained constant during
the study period (83.2% in 2009, 83.8% in 2014; P=0.66 for
trend) (Figure S1).

Among patients on OAC therapy, the main indication for
treatment was atrial fibrillation or flutter (78.0%), followed by
venous thromboembolism (16.4%) and left ventricular dys-
function, aneurysm, or thrombus (9.1%) (Table 1). Of
patients on NOACs, the majority took dabigatran (60.0%),
followed by rivaroxaban (30.8%) and apixaban (4.5%). At
admission, dabigatran was primarily dosed at 150 mg twice
a day (92.3%), rivaroxaban at 20 mg daily (66.7%), and
apixaban at 5 mg twice a day (66.7%). Aspirin was con-
comitantly used by 70.7% of OAC-treated patients at
admission, with the majority taking a dose of 81 mg daily
(79.5%); P2Y12 inhibitors were used by 21.3%, of which
97.2% were taking clopidogrel therapy (Table 1, Figure 2). Of
the 307 elective PCIs performed in patients taking OACs
during the study period, bridging therapy was used in 68
(22.2%).

Following PCI, 89.1% of patients admitted on OAC therapy
who survived to discharge were on an OAC agent. In addition,
96.8% were discharged on a P2Y12 inhibitor, 98.0% were
discharged on aspirin, and 84.9% were discharged on triple
therapy (Figure 2). The majority were discharged on an aspirin
dose of 81 mg daily (64.1%). Clopidogrel was the preferred
P2Y12 inhibitor at discharge among patients on OAC therapy,
was primarily dosed at 75 mg daily (97.3%), and was used
with greater frequency compared with those not on OAC
therapy (97.8% versus 87.7%; P<0.01).

Clinical Characteristics and Outcomes Associated
With OAC Therapy
Compared with patients not on OAC therapy, OAC users were
older, were more often of white race, and had more
cardiovascular risk factors and prior cardiovascular disease
(Table 1). In addition, OAC patients presented less often with
ST-segment elevation MI, were less often treated with
glycoprotein IIb/IIIa inhibitors or bivalirudin, and less fre-
quently received drug-eluting stents and had lower risk
lesions treated (Table 2). Rates of radial and femoral arterial
access were comparable between groups. Patients on OACs
had higher predicted risk of post-PCI bleeding compared with
those not on OACs (2.9% versus 2.5%; P<0.01) but similar
predicted risk of in-hospital mortality (2.3% for OAC use
versus 2.0% for no OAC; P=0.23).

Chronic treatment with OACs was associated with higher
crude rates of in-hospital major bleeding (10.5% versus 6.5%;
P<0.01), access-site bleeding (2.3% versus 1.3%; P=0.017),
and non–access-site bleeding (8.2% versus 5.2%; P<0.01)
following PCI (Table 3). In addition, prior to adjustment,
patients taking OACs used more hospital resources after PCI,

including requiring more transfusions (7.2% versus 4.2%;
P<0.01), needing longer lengths of postprocedure stays
(3.9�5.5 versus 2.8�4.6 days; P<0.01), and undergoing
more rehospitalizations within 30 days (10.3% versus 6.9%;
P<0.01) and 90 days (22.1% versus 13.1%; P<0.01) after
discharge. There were no differences in the crude frequencies
of post-PCI in-hospital stent thrombosis (0.36% versus 0.32%;
P=0.85), MI (2.50% versus 3.02%; P=0.40), or cerebrovascular
accident or stroke (0.48% versus 0.52%; P=0.88) between
chronic OAC users versus nonusers (Table 3).

In adjusted models, chronic OAC use remained associated
with increased risks of in-hospital major bleeding (odds ratio
1.50, 95% CI 1.14–1.99; P<0.01), access-site bleeding (odds
ratio 1.82, 95% CI 1.07–3.09; P=0.028), and non–access-site
bleeding (odds ratio 1.69, 95% CI 1.27–2.26; P<0.01) after
PCI (Table 4). In addition, the association between OAC use
prior to PCI and 90-day readmission persisted after adjust-
ment (odds ratio 1.40, 95% CI 1.16–1.69; P<0.01). Chronic
OAC users and nonusers had similar risk of post-PCI in-
hospital mortality (2.51% versus 2.15%, respectively [P=0.50];
adjusted odds ratio 1.15, 95% CI 0.66–1.99; P=0.63). Patients
on OAC therapy, however, had greater risk of long-term
mortality following PCI, with an unadjusted cumulative
incidence of 4-year survival of 79.9% compared with 89.8%
among those not on OACs (log-rank P<0.01) (Figure 3), and
an adjusted 36% increased hazard of long-term mortality
(hazard ratio 1.36, 95% CI 1.11–1.66; P<0.01).

Clinical Characteristics and Outcomes Associated
With NOAC Therapy
Patients on NOAC therapy, compared with VKAs, had lower
rates of cerebrovascular disease, chronic lung disease, and
prior valve surgery but otherwise had comparable demo-
graphics, burden of cardiovascular risk factors, and prior
cardiovascular disease (Table S1). In addition, between OAC
treatment strategies, there were similar indications for
anticoagulant therapy and use of antiplatelet agents at
admission. Among patients on NOACs versus VKAs, there
were no significant differences in the type of presentation
for PCI, procedural characteristics, or predicted risk of
bleeding (Table S2). At discharge, there was comparable
use of triple therapy between treatment strategies; how-
ever, those on NOACs who were discharged on P2Y12
inhibitors were less often treated with clopidogrel
(Table S1).

Following PCI, there were no significant differences in
crude rates of in-hospital major bleeding (10.6% versus 10.5%;
P=0.98), access-site bleeding (3.03% versus 2.20%; P=0.67),
and non–access-site bleeding (7.58% versus 8.30%; P=0.84)
among patients on NOAC versus VKA therapy (Table S3). In
addition, there were comparable unadjusted rates of post-PCI
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in-hospital stent thrombosis (0% versus 0.39%; P=0.61), MI
(3.03% versus 2.46%; P=0.78), and cerebrovascular accident
or stroke (0% versus 0.52%; P=0.56) between treatment
strategies. Hospital resources were used similarly between
patients on NOAC and VKA therapy in unadjusted analyses,
with no significant differences in need for transfusion (9.1%
versus 7.0%; P=0.53), post-PCI length of stay (3.1�4.8 days
versus 4.0�5.6 days; P=0.10), or 30- and 90-day readmission
rates (30 days: 6.1% versus 10.6% [P=0.24]; 90 days: 13.6%
versus 22.8% [P=0.08]). In adjusted models, chronic NOAC
versus VKA therapy was not associated with differing risks of
in-hospital bleeding, in-hospital mortality, long-term mortality,
or 90-day readmission (P>0.05 for all) (Table S4).

Table 1. Patient Characteristics by OAC Use

Characteristic
OAC Use
(n=837)

No OAC
Use (n=8729) P Value

Age, y, mean�SD 71.7�11.2 65.5�12.1 <0.01

Male 621 (74.2) 6308 (72.3) 0.23

White 778 (93.0) 7908 (90.6) 0.024

BMI, kg/m2,
mean�SD

29.7�15.4 29.2�7.3 0.16

Current/recent
smoking (within
1 year)

75 (8.96) 1608 (18.4) <0.01

Hypertension 750 (89.6) 7111 (81.5) <0.01

Dyslipidemia 793 (94.7) 8110 (92.9) 0.045

Family history of CAD 132 (15.8) 2082 (23.9) <0.01

Renal failure
(currently on
dialysis or
creatinine >2
mg/dL)

76 (9.08) 453 (5.19) <0.01

Cerebrovascular
disease

245 (29.3) 1177 (13.5) <0.01

Peripheral artery
disease

195 (23.3) 1380 (15.8) <0.01

Chronic lung disease 172 (20.6) 1152 (13.2) <0.01

Diabetes mellitus 342 (40.9) 2977 (34.1) <0.01

Prior heart failure 344 (41.1) 1191 (13.6) <0.01

Prior myocardial
infarction

407 (48.6) 3023 (34.6) <0.01

Prior valve surgery 115 (13.7) 160 (1.83) <0.01

Prior PCI 333 (39.8) 3329 (38.1) 0.35

Prior CABG 278 (33.2) 1598 (18.3) <0.01

Indication for oral anticoagulant

Atrial fibrillation/
flutter

653 (78.0) — —

Venous
thromboembolism

137 (16.4) — —

Left ventricular
dysfunction,
aneurysm, or
thrombus

76 (9.08) — —

Hypercoagulable
syndrome

49 (5.85) — —

Valvular heart
disease

39 (4.66) — —

Cardioembolic
stroke

14 (1.67) — —

Other 37 (4.42) — —

Type of OAC

Warfarin 771 (92.2) — —

Continued

Table 1. Continued

Characteristic
OAC Use
(n=837)

No OAC
Use (n=8729) P Value

Dabigatran 39 (4.67) — —

Rivaroxaban 20 (2.39) — —

Apixaban 3 (0.36) — —

Other 4 (0.48) — —

P2Y12 inhibitor at
admission

178 (21.3) — —

Type of P2Y12 inhibitor

Clopidogrel 173 (97.2) — —

Ticagrelor 1 (0.56) — —

Prasugrel 3 (1.69) — —

Other 1 (0.56) — —

Aspirin at admission 592 (70.7) — —

Bridging therapy
among elective PCIs

68/307 (22.1) — —

OAC among survivors
to discharge

727/816 (89.1) — —

P2Y12 inhibitor among
survivors to
discharge

790/816 (96.8) 8237/8541 (96.4) 0.58

Type of P2Y12 inhibitor

Clopidogrel 773/790 (97.8) 7489/8541 (87.7) <0.01

Ticagrelor 10/790 (1.27) 466/8541 (5.46)

Prasugrel 7/790 (0.89) 322/8541 (3.77)

Aspirin among
survivors at
discharge

800/816 (98.0) 8340/8541 (97.6) 0.48

Triple therapy among
survivors at
discharge

693/816 (84.9) — —

Data are shown as n (%) except as noted. BMI indicates body mass index; CABG,
coronary artery bypass grafting; CAD, coronary artery disease; OAC, oral anticoagulant;
PCI, percutaneous coronary intervention.
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Discussion
Among contemporary patients undergoing PCI, 1 in 11
patients was on chronic OAC therapy. From 2009 through
2014, there was no significant change in the number of
patients treated with OACs undergoing PCI; however, there
was an increase in the use of non-VKA agents among these
patients. In addition, triple therapy after coronary stenting
was used with high frequency throughout the study period.
Patients on chronic OAC therapy had greater adjusted risks of
in-hospital bleeding, need for readmission, and long-term
death compared with those not on OAC therapy.

Our analysis found that 9% of all patients undergoing
coronary stenting are currently treated with chronic OAC
therapy, comprising a large proportion of the PCI population.
Atrial arrhythmias were the main reason for treatment, yet PCI
patients also had a variety of other indications for chronic
anticoagulation. Consistent with previous analyses in ambu-
latory patients,14,15 we noted a brisk increase in use of
NOACs during the study period, starting at the time of market
approval of the first NOAC in 2010; however, we did not
observe any major change in the overall number of patients
being treated with OACs. This finding contrasts with results
from a recent analysis of ambulatory patients with atrial

fibrillation on OAC therapy that demonstrated a near doubling
in patient visits since 2009.14 Our results likely differ due to
the expanded use of NOACs in patients at lower risk of
stroke,17 many of whom have fewer comorbidities and thus
lower likelihood of undergoing PCI.

PCI patients were discharged on triple therapy (OAC plus a
P2Y12 inhibitor and aspirin) at a rate of 85%, which remained
constant during the study period. This preference for triple
therapy persisted among treating clinicians despite presenta-
tion of the WOEST (What is the Optimal antiplatElet and
anticoagulant therapy in patients with oral anticoagulation
and coronary StenTing) trial results in August 2012. The
WOEST trial randomized stented patients with an indication
for OAC to treatment with a VKA plus clopidogrel with or
without aspirin and found no difference in outcomes at 1 year
between treatment strategies.25 This study was further
supported by similar findings in large registry analyses26,27

and resulted in the inclusion of restricted OAC plus P2Y12
inhibitor use following PCI in the most recent consensus
document for the management of atrial fibrillation patients
following coronary stenting.19 Nevertheless, it appears from
our analysis that these data have yet to influence actual
clinician practice patterns within the studied health care
system, at least at the time of discharge. We did not assess

Figure 2. Antithrombotic regimens at admission and discharge among patients on chronic oral
anticoagulant therapy undergoing PCI. ASA indicates aspirin; OAC, oral anticoagulant; P2Y12-I, P2Y12
inhibitor; PCI, percutaneous coronary intervention.
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Table 2. Procedural Characteristics by OAC Use

Characteristic OAC Use (n=837) No OAC Use (n=8729) P Value

Presentation type <0.01

STEMI 46 (5.50) 1257 (14.4) —

NSTEMI 171 (20.4) 2062 (23.6) —

Unstable angina 236 (28.2) 2422 (27.8) —

Stable angina 157 (18.8) 1780 (20.4) —

Other 227 (27.1) 1208 (13.8) —

Cardiogenic shock within 24 hours 19 (2.27) 216 (2.47) 0.72

Cardiac arrest within 24 hours 18 (2.15) 214 (2.45) 0.59

Cardiomyopathy or LV systolic dysfunction 341 (40.7) 2157 (24.7) <0.01

Arterial access

Femoral 544 (65.0) 5475 (62.7) 0.19

Radial 271 (32.4) 3080 (35.3) 0.092

Procedure anticoagulants

Unfractionated heparin 686 (82.0) 6943 (79.5) 0.10

Low molecular weight heparin 14 (1.67) 124 (1.42) 0.56

Glycoprotein IIb/IIIa inhibitor 26 (3.11) 617 (7.07) <0.01

Bivalirudin 292 (34.9) 3569 (40.9) <0.01

Highest risk lesion class

SCAI class II/III vs I 237 (28.3) 2671 (30.6) 0.17

SCAI class IV vs I 53 (6.33) 726 (8.32) 0.044

Highest risk lesion

pLAD (vs other) 118 (14.1) 1488 (17.1) 0.029

Left main (vs other) 64 (7.65) 327 (3.75) <0.01

DES placed 341 (40.7) 5913 (67.7) <0.01

BMS placed 427 (51.0) 2232 (25.6) <0.01

IABP 26 (3.11) 353 (4.04) 0.18

Other mechanical support 17 (2.03) 99 (1.13) 0.023

Number of diseased vessels

1 320 (38.2) 4187 (48.0) <0.01

2+ 498 (59.5) 4411 (50.5)

Number of lesions, mean�SD 1.40�0.69 1.42�0.73 0.33

Total number of stents during lab visit, mean�SD 1.56�0.87 1.60�0.96 0.27

Thrombus present 125 (14.9) 2265 (26.0) <0.01

In-stent restenosis 115 (13.7) 975 (11.2) 0.025

Preprocedure hemoglobin, g/dL, mean�SD 12.4�2.22 13.0�2.05 <0.01

Postprocedure hemoglobin, g/dL, mean�SD 11.4�2.04 12.0�1.96 <0.01

Preprocedure creatinine, mg/dL, mean�SD 1.41�1.23 1.24�1.09 <0.01

Postprocedure creatinine, mg/dL, mean�SD 1.52�1.44 1.29�1.21 <0.01

Predicted risk of post-PCI bleeding, mean�SD 0.029�0.025 0.025�0.026 <0.01

Predicted risk of in-hospital mortality, mean�SD 0.023�0.076 0.020�0.083 0.23

Data are shown as n (%) except as noted. BMS indicates bare metal stent; DES, drug-eluting stent; IABP, intra-aortic balloon pump; LV, left ventricular; NSTEMI, non–ST-segment elevation
myocardial infarction; OAC, oral anticoagulant; PCI, percutaneous coronary intervention; pLAD, proximal left anterior descending; SCAI, Society for Cardiac Angiography and Interventions;
STEMI, ST-segment elevation myocardial infarction.
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whether changes in antithrombotic regimens may have
occurred later in follow-up.

Despite continued efforts among coronary interventional-
ists to improve treatment practices to reduce post-PCI
bleeding,28,29 1 in 10 patients on chronic OAC therapy had
an in-hospital major bleeding event following coronary
stenting. Conversely, chronic OAC use prior to PCI did not
reduce rates of postprocedure ischemic events, similar to a
prior study among patients with acute MI.7 Bleeding events
primarily consisted of non–access-site bleeds, suggesting that
current PCI vascular bleeding avoidance strategies, such as
increased use of radial access29,30 and arterial closure
devices,28,31 may not alone mitigate the bleeding risk
associated with OAC use. It is noteworthy that OAC patients
had greater predicted risk of bleeding regardless of OAC
treatment, suggesting that the bleeding hazard in these
patients is not solely related to use of these agents but also

due to a greater proportion of clinical characteristics asso-
ciated with post-PCI bleeding.

Patients taking OACs at the time of PCI had decreased
survival compared with those not on anticoagulants, with a
36% greater adjusted risk of long-term mortality. Although
causality cannot be established from our analysis, this
association may be related to the long-term consequences
of increased bleeding events32,33 or mediated by inherent
patient factors, such as a higher prevalence of frailty among
those on OAC therapy.34 In addition, use of triple therapy at
discharge may be associated with risk of decreased long-term
survival.25 At minimum, chronic treatment with an OAC
represents a strong marker of risk for future morbidity and
mortality following PCI.

Use of hospital resources was also greater among OAC-
treated patients following PCI, including longer durations of
stay and more need for transfusions. In addition, the

Table 3. Unadjusted Rates of Outcomes by OAC Use

Outcome
OAC Use
(n=837)

No OAC
Use (n=8729)

Absolute Risk
Difference With OAC Use

Number Needed
to Harm P Value

Primary

In-hospital major bleeding 88 (10.5) 565 (6.47) +4.04 25 <0.01

In-hospital mortality 21 (2.51) 188 (2.15) +0.36 — 0.50

Secondary

Access-site bleeding 19 (2.27) 111 (1.27) +1.00 101 0.017

Non–access-site bleeding 69 (8.24) 454 (5.20) +3.04 33 <0.01

RBC transfusion 60 (7.17) 364 (4.17) +3.00 34 <0.01

In-hospital stent thrombosis 3 (0.36) 28 (0.32) +0.04 — 0.85

Post-PCI MI 21 (2.51) 264 (3.02) �0.51 — 0.40

CVA/stroke 4 (0.48) 45 (0.52) �0.04 — 0.88

Post-PCI length of stay, days, mean�SD 3.94�5.50 2.79�4.56 — — <0.01

30-day readmissions within index health care system 86 (10.3) 606 (6.94) +3.33 30 <0.01

90-day readmissions within index health care system 185 (22.1) 1146 (13.1) +8.97 12 <0.01

Data are shown as n (%) except as noted. CVA indicates cerebrovascular accident; MI, myocardial infarction; OAC, oral anticoagulant; PCI, percutaneous coronary intervention; RBC, red
blood cell.

Table 4. Unadjusted and Adjusted Risks of Outcomes With OAC Use

Unadjusted Adjusted by Propensity Score

Risk Ratio 95% CI P Value Risk Ratio 95% CI P Value

In-hospital mortality 1.17 0.74–1.85 0.50 1.15 0.66–1.99 0.63

Long-term mortality 2.01 1.68–2.40 <0.01 1.36 1.11–1.66 <0.01

In-hospital major bleeding 1.70 1.34–2.15 <0.01 1.50 1.14–1.99 <0.01

Access-site bleeding 1.80 1.10–2.95 0.019 1.82 1.07–3.09 0.028

Non–access-site bleeding 1.64 1.26–2.13 <0.01 1.69 1.27–2.26 <0.01

90-day readmission within index health care system 1.88 1.58–2.24 <0.01 1.40 1.16–1.69 <0.01

OAC indicates oral anticoagulant.
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frequency of readmission was marked, with 22% of chronically
anticoagulated patients requiring rehospitalization within our
health care system within 90 days of PCI. Of importance, at
discharge, the majority of these patients were on triple
therapy, which increases the risk of out-of-hospital adverse
events necessitating medical attention, particularly risk of
bleeding.26 Consequently, it is important to recognize that
OAC patients have a substantial influence on hospital-related
costs after coronary stenting.

Demographics and cardiovascular risk factors were com-
parable between those receiving NOACs and VKAs and differ
from those of ambulatory patients on NOACs, who are often
younger and have fewer comorbidities.17 In addition, patients
undergoing PCI on NOACs versus VKAs did not vary in
procedural characteristics, including sites of access, types of
parenteral anticoagulants administered, and use of triple
therapy at discharge. Although the point estimates comparing
short- and long-term outcomes following PCI between treat-
ment strategies were not statistically different, the study was
underpowered to draw definitive conclusions.

The results of this analysis must be considered in the
context of the study design. The analysis used a computerized
method of searching electronic health records to identify

patients on OAC therapy. Although all patients identified as
being on OAC therapy were manually reviewed to confirm
treatment, this analysis could have missed patients whose
treatment was poorly documented or who had treatment
terms not included in the search algorithm. In addition, data
were not available for time in the therapeutic range among
patients treated with VKAs, including prior to the procedure,
and for events occurring after discharge, such as discontin-
uation of OAC therapy or the occurrence of out-of-hospital
bleeding events. This study primarily analyzed in-hospital
events that were not adjudicated. As such, rates of events
could have been under- or overestimated; however, we
expected misclassification of events to be similar between
OAC and non-OAC patients, thus biasing the comparison of
the treatment strategies to the null. This study was conducted
using PCI data from 2 academic tertiary care medical centers
from a single integrated health care system and may not be
generalizable to other settings. Readmission data were
available only for patients returning to a hospital within the
Partners HealthCare system. Patients were primarily treated
with clopidogrel and received PCI via femoral arterial access,
whereas more potent antiplatelets and greater use of
transradial arterial access may have differential effects on

Figure 3. Long-term mortality following PCI by use of OAC therapy. Kaplan–Meier estimates comparing
long-term mortality among patients undergoing PCI stratified by OAC use. In unadjusted analysis, OAC use
was associated with a significant decrease in long-term survival compared with those not on OAC therapy
(no OAC; log-rank P<0.001). OAC indicates oral anticoagulant; PCI, percutaneous coronary intervention.
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outcomes. Last, we do not know whether the associations
observed between OAC treatment and adverse events
following PCI are causal in nature, and unmeasured factors
could confound the relationships observed.

Conclusions
Chronic OAC therapy is frequently used among contemporary
patients undergoing PCI. Patients on OAC therapy had greater
adjusted risks of in-hospital bleeding, need for readmission,
and long-term mortality following PCI. As such, use of OACs at
the time of PCI is an important prognostic marker. Efforts are
needed to specifically reduce the occurrence of adverse
events following PCI in this population.
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Table S1. Patient Characteristics of PCIs by NOAC versus VKA Use 

  

NOAC Use 

(N=66)  

VKA Use 

(N=771)  
P Value 

Age (years), mean ± SD 70.5 ± 11.6 71.8 ± 11.2 0.36 

Male (%) 52 (78.8) 569 (73.8) 0.37 

White (%) 63 (95.5) 715 (92.7) 0.41 

BMI (kg/m
2
),  mean ± SD 29.6 ± 7.44 29.1 ± 6.19 0.56 

Current/recent smoking (within 1 
year) (%) 

2 (3.03) 73 (9.47) .078 

Hypertension (%) 59 (89.4) 691 (89.6) 0.95 

Dyslipidemia (%) 61 (92.4) 732 (94.9) 0.38 

Family history of CAD (%) 11 (16.7) 121 (15.7) 0.84 

Renal failure (currently on dialysis or 
creatinine >2) (%) 

0 (0) 76 (9.86) <0.01 

Cerebrovascular disease (%) 11 (16.7) 234 (30.4) 0.019 

Peripheral artery disease (%) 9 (13.6) 186 (24.1) 0.053 

Chronic lung disease (%) 6 (9.09) 166 (21.5) 0.016 

Diabetes mellitus (%) 24 (36.4) 318 (41.3) 0.44 

Prior heart failure (%) 23 (34.9) 321 (41.6) 0.28 

Prior myocardial infarction (%) 34 (51.5) 373 (48.4) 0.62 

Prior valve surgery (%) 3 (4.55) 112 (14.5) 0.023 

Prior PCI (%) 28 (42.4) 305 (40.0) 0.65 

Prior CABG (%) 19 (28.8) 259 (33.6) 0.43 



 

3 

 

3 

Anemia at presentation (%) 29 (43.9) 392 (50.8) 0.28 

Indication for oral anticoagulant (%)    

   Atrial fibrillation/flutter 55 (83.3) 598 (77.6) 0.28 

   Venous thromboembolism 7 (10.6) 130 (16.9) 0.19 

   Left ventricular dysfunction,  

   aneurysm or thrombus 
2 (3.03) 74 (9.60) 0.075 

   Valvular heart disease 2 (3.03) 37 (4.80) 0.51 

   Cardio-embolic stroke 2 (3.03) 12 (1.56) 0.37 

   Hypercoaguable syndrome 7 (10.6) 42 (5.45) 0.086 

   Other 2 (3.03) 35 (4.54) 0.57 

Type of oral anticoagulant (%)    

   Warfarin --- 771 (100) --- 

   Dabigatran 39 (60.0) --- --- 

   Rivaroxaban 20 (30.8) --- --- 

   Apixaban 3 (4.62) --- --- 

   Other 3 (4.62) --- --- 

P2Y12 inhibitor at admission (%) 10 (15.2) 168 (21.8) 0.21 

Type of P2Y12 inhibitor   0.96 

   Clopidogrel 10 (100) 163 (97.0) 

0.96 

   Ticagrelor 0 (0) 1 (0.60) 

   Prasugrel 0 (0) 3 (1.79) 

   Other 0 (0) 1 (0.60) 
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Aspirin at admission (%) 47 (71.2) 545 (70.7) 0.93 

Bridging therapy among elective 

PCIs (%) 
3/24 (12.5) 65/283 (23.0) 0.24 

Oral anticoagulant among survivors 

to discharge (%) 
61/66 (92.4) 672/750  (89.6) 0.47 

P2Y12 inhibitor among survivors to 

discharge (%) 
63/66 (95.5) 727/750 (96.9) 0.51 

Type of P2Y12 inhibitor    

   Clopidogrel 59/63 (93.6) 714/727 (98.2) 

0.029    Ticagrelor 3/63 (4.76) 7/727 (0.96) 

   Prasugrel 1/63 (1.59) 6/727 (0.83) 

Aspirin among survivors at 

discharge (%) 
66/66 (100) 734/750 (97.9) 0.23 

Triple therapy among survivors at 

discharge (%) 
58/66 (87.9) 635/750 (84.7) 0.48 

Abbreviations:  BMI, body mass index; CABG, coronary artery bypass graft; CAD, coronary artery disease;  NOAC, non-vitamin K antagonist oral 

anticoagulant; PCI, percutaneous coronary intervention; SD, standard deviation; VKA, vitamin K antagonist 
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Table S2. Presentation and Procedural Characteristics of PCIs by NOAC versus VKA Use 

  

NOAC Use 

(N=66)  

VKA Use 

(N=771)  
P Value 

Presentation type (%)   0.30 

   STEMI  6 (9.09) 40 (5.19) --- 

   NSTEMI 12 (18.2) 159 (20.6) --- 

   Unstable angina 17 (25.8) 219 (28.4) --- 

   Stable angina 17 (25.8) 140 (18.2) --- 

   Other 14 (21.2) 213 (27.6) --- 

Cardiogenic shock w/in 24 hours (%) 2 (3.03) 17 (2.20) 0.67 

Cardiac arrest w/in 24 hours (%) 2 (3.03) 16 (2.08) 0.61 

Cardiomyopathy or LV systolic 

dysfunction (%) 
17 (25.8) 324 (42.0) <0.01 

Arterial access (%)    

   Femoral 39 (59.1) 505 (65.5) 0.29 

   Radial 27 (40.9) 244 (31.7) 0.12 

Procedure anticoagulants (%)    

   Unfractionated heparin 55 (83.3) 631 (81.8) 0.76 

   Low molecular weight heparin 1 (1.52) 13 (1.69) 0.92 

   Glycoprotein  IIb/IIIa inhibitor 0 (0) 26 (3.37) 0.13 

   Bivalirudin 22 (33.3) 270 (35.0) 0.78 

Highest risk lesion class (%)    

   SCAI class II/III vs I  20 (30.3) 217 (28.2) 0.71 

   SCAI class IV vs I 3 (4.55) 50 (6.49) 0.53 
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Highest risk lesion (%)    

   pLAD (vs other) 9 (13.6) 109 (14.1) 0.91 

   Left main (vs other) 5 (7.58) 59 (7.65) 0.98 

DES placed (%) 31 (47.0) 310 (40.2) 0.28 

BMS placed (%) 32 (48.5) 395 (51.2) 0.67 

IABP (%) 4 (6.06) 22 (2.85) 0.15 

Other mechanical support (%) 2 (3.03) 15 (1.95) 0.55 

Number of diseased vessels    

   1 21 (31.8) 299 (38.8) 
0.26 

   2+ 43 (65.2) 455 (59.0) 

Number of lesions,  mean ± SD 1.50 ± 0.71 1.39  ± 0.69 0.21 

Total number of stents during lab 
visit,  mean ± SD 

1.55 ± 0.76 1.57  ± 0.88 0.88 

Thrombus present (%) 10 (15.2) 115 (14.9) 0.96 

In-stent restenosis (%) 6 (9.09) 109 (14.1) 0.25 

Pre-procedure hemoglobin (g/dL),  
mean ± SD   

12.7 ± 2.11 12.3  ± 2.22 0.17 

Post-procedure hemoglobin (g/dL),  
mean ± SD   

11.8 ± 2.20 11.3  ± 2.03 0.10 

Pre-procedure creatinine (mg/dl),  
mean ± SD   

1.05  ± 0.30 1.44  ± 1.28 0.012 

Post-procedure creatinine (mg/dl),  
mean ± SD   

1.08 ± 0.42 1.55  ± 1.49 0.018 

Predicted risk of post-PCI bleeding, 
mean ± SD   

0.023 ± 0.016 0.029 ± 0.026 0.071 

Predicted risk of in-hospital mortality, 
mean ± SD   

0.012 ± 0.034 0.024 ± 0.078 0.22 

Abbreviations: BMS, bare metal stent; DES, drug eluting stent; GFR, glomerular filtration rate; IABP, intra-aortic balloon pump; LV, left ventricular; 

NSTEMI, non-ST-elevation myocardial infarction;  NOAC, non-vitamin K antagonist oral anticoagulant; pLAD, proximal left anterior descending; 

SCAI, society for cardiac angiography and interventions; SD, standard deviation; STEMI, ST elevation myocardial infarction;  VKA, vitamin K 

antagonist 
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Table S3. Unadjusted Rates of Outcomes by NOAC versus VKA Use 

  

NOAC Use 

(N=66)  

VKA Use 

(N=771)  

Absolute 
Risk  

Difference 
with NOAC 

Use 

Number 
Needed to 

Harm 
P value 

Primary 
   

 
 

  In-hospital major  

  bleeding (%) 
7 (10.6) 81 (10.5) +0.10 --- 0.98 

  In-hospital mortality (%) 0 (0) 21 (2.72) -2.72 --- 0.17 

Secondary      

  Access-site bleeding (%) 2 (3.03) 17 (2.20) +0.83 --- 0.67 

  Nonaccess-site bleeding  

  (%) 
5 (7.58) 64 (8.30) -0.72 --- 0.84 

  RBC transfusion (%) 6 (9.09) 54 (7.00) +2.09 --- 0.53 

  In-hospital stent   

  thrombosis (%) 
0 (0) 3 (0.39) -0.39 --- 0.61 

  Post-PCI MI (%) 2 (3.03) 19 (2.46) +0.57 --- 0.78 

  CVA/Stroke (%) 0 (0) 4 (0.52) -0.52 --- 0.56 

  Post-PCI length of stay    

  (days), mean ± SD   
3.09 ± 4.80  4.02 ± 5.55 --- --- 0.19 

  30-day readmissions    

  within index healthcare      

  system (%) 

4 (6.06) 82 (10.6) -4.57 --- 0.24 

  90-day readmissions    

  within index healthcare      

  system (%) 

9 (13.6) 176 (22.8) -9.19 --- 0.08 

Abbreviations:  CVA, cerebrovascular accident; MI, myocardial infarction; NOAC, non-vitamin K antagonist oral anticoagulant; PCI, 

percutaneous coronary intervention; RBC, red blood cell; SD, standard deviation; VKA, vitamin K antagonist 
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Table S4. Unadjusted and Adjusted Risks of Outcomes with Vitamin K Antagonist Oral 

Anticoagulant Use 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Unadjusted Adjusted by Propensity Score 

Risk Ratio  
95% 

Confidence 
Interval  

P value Risk Ratio  
95% 

Confidence 
Interval  

P value 

Long-term 

mortality  
9.09 1.27, 65.1 0.028 6.76 0.93, 49.2 0.059 

In-hospital 

major 

bleeding 

0.99 0.44, 2.24 0.98 0.72 0.30, 1.74 0.46 

Access-site 

bleeding 
0.72 0.16, 3.19 0.67 0.40 0.08, 1.99 0.26 

Nonaccess-

site bleeding 
1.10 0.43, 2.85 0.84 1.00 0.38, 2.71 0.99 

90-day 

readmission 

within index 

healthcare 

system 

1.87 0.91, 3.86 0.089 1.63 0.77, 3.46 0.20 
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Figure S1. Temporal Trends in Antithrombotic Regimens at Admission and Discharge 

among Patients on Chronic Oral Anticoagulant Therapy 

 

 
 

 

 

 

 

Figure Legend:  
 

Figure S1. Temporal changes in use of antithrombotic agents at admission and discharge among 

patients on chronic oral anticoagulant therapy undergoing percutaneous coronary intervention 

during the study period. OAC, oral anticoagulant therapy; P2Y12-I, P2Y12 receptor inhibitor. 

 

 

 

 


