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Background: Patients on dual antiplatelet therapy following percutaneous coronary intervention often have
indications for concurrent oral anticoagulation or triple antithrombotic therapy (TT). Although TT may decrease
ischemic complications, it may confer increased bleeding risk.
Hypothesis: We hypothesize that the use of ticagrelor in TT is associated with higher risk of complications;
accordingly, we sought to determine predictors of complications in patients on TT.
Methods: Patients discharged on TT after percutaneous coronary intervention were followed prospectively for
12 months. The primary endpoint was a composite of ischemic (death, myocardial infarction, stroke) and major
bleeding complications or net adverse clinical event (NACE). A major secondary endpoint was BARC (Bleeding
Academic Research Consortium) types 2, 3, or 5 bleeding. Outcomes were compared between ticagrelor- and
clopidogrel-treated patients. Multivariable analyses were performed to elucidate predictors of complications.
Results: Twenty-seven of 152 patients discharged on TT were on ticagrelor. NACE occurred in 52% of patients
and BARC 2, 3, or 5 bleeding occurred in 18%. There was no difference in the primary or secondary outcome
between ticagrelor vs clopidogrel subgroup. On logistic regressions, use of TT in patients with acute coronary
syndrome (P = 0.002) and bridging in with ticagrelor (P = 0.02) were associated with increased NACE. Low
estimated glomerular filtration rate was an independent predictor of bleeding (P = 0.03).
Conclusions: The risk of bleeding and ischemic complications among patients on TT is similar between those
on ticagrelor and clopidogrel. However, caution with use of bridging anticoagulation should be taken when
using ticagrelor.

Introduction
In patients undergoing percutaneous coronary intervention
(PCI) with stent deployment, dual antiplatelet therapy
(DAPT) is thought to be necessary to prevent ischemic
complications.1–3 Aspirin and clopidogrel has been the
standard DAPT for more than a decade; however, the
availability of more potent P2Y12 inhibitors, coupled with
their proven efficacy in reducing ischemic outcomes in
patients with acute coronary syndromes (ACS), has resulted
in an increase adoption of prasugrel and ticagrelor.4–6

Up to 10% of patients undergoing PCI have a clinical indi-
cation for concurrent anticoagulation therapy.7 Indications
include atrial fibrillation (AF),8 development of mural
thrombus post–myocardial infarction (MI), or previous

Angel Fu and Kuljit Singh are equally contributing authors.
The study was supported by a peer-review grant from the
Canadian Institutes of Health Research (CIHR-FRN 115129).
Additional Supporting Information may be found in the online
version of this article.

venous thromboembolism.9 The standard approach for
these patients, endorsed by current guidelines, is the use of
triple therapy (TT) using an anticoagulant with DAPT.7,10

Previous studies have shown the risk of bleeding with TT
using clopidogrel is nearly 4× than that with the use of
DAPT or oral anticoagulant alone.11 In the only study of TT
with prasugrel, there was a significant increase in bleeding
complications compared with those on clopidogrel.12

Ticagrelor has been increasingly used as the P2Y12
inhibitor of choice in ACS based on its superiority over
clopidogrel in this cohort.4 No study to date has evaluated
the impact of ticagrelor in TT on bleeding and ischemic
complications. Accordingly, we evaluated a contemporary
cohort of consecutive patients on TT following PCI to deter-
mine incidence of ischemic and bleeding complications. In
particular, we attempted to determine whether ticagrelor-
treated patients have increased bleeding risks and whether
its presence may preclude ischemic risks compared with
clopidogrel-treated patients. Furthermore, we attempted to
elucidate particular factors that may predispose patients to
complications when receiving TT.
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Methods
The study was reviewed and approved by the local human
research ethics board. We identified consecutive patients
who were discharged on TT after PCI between January 1,
2012, and June 30, 2013, from the Cardiovascular Percuta-
neous Intervention Trial (CAPITAL) PCI Registry.13,14 This
was a retrospective analysis with prospective postdischarge
follow-up of patients. Patients were included if discharged on
TT consisting of aspirin, a vitamin K antagonist, and a P2Y12
inhibitor after PCI. Patients who underwent coronary artery
bypass grafting post-PCI were excluded from the analysis.
Patients discharged on a novel oral anticoagulant (NOAC)
were also excluded. Decision for treatment with TT was at
the discretion of the treating physician. Patient follow-up
was conducted up to 1 year postdischarge.

All medical records were reviewed, and patients were
interviewed by telephone at 1 year. Patients treated with
ticagrelor were compared with those on clopidogrel. Occur-
rence of death, MI, target-vessel revascularization, stent
thrombosis, bleeding by Thrombolysis In Myocardial Infarc-
tion (TIMI) and Bleeding Academic Research Consortium
(BARC) definitions,15 and stroke were collected at various
time periods including 30 days, 6 months, and 12 months.

The primary endpoint was defined as net adverse clinical
event(s) (NACE) as defined by a composite of major
adverse cardiac and cerebrovascular events (MACCE)
and non–coronary artery bypass related major bleeding.16

MACCE was defined as cardiovascular death, MI, or
cerebrovascular accident. The major secondary endpoint
was significant bleeding as defined as BARC types 2, 3, or
5 bleeding. Bleeding was also concurrently defined using
TIMI and BARC definitions.15,17

Statistical Analysis

Continuous variables were compared using a Student t test
for normally distributed variables and Wilcoxon test for
skewed data. All data were presented as mean ± SD unless
otherwise specified. Categorical variables were compared
with the χ2 or Fisher exact test and presented as percentages
and frequencies.

To find the predictors of NACE and significant bleeding
events, we used logistic regression analyses. Variables with
a 2-sided P value <0.2 on univariate correlation were
included in the multivariable model. Results of logistic
regression are presented as odds ratio (OR) with 95%
confidence interval (CI). SPSS version 17 (SPSS Inc.,
Chicago, IL) and Graph Pad Prism version 6 were the
statistical software packages used.

Results
Between January 2012 and June 2013, a total of 152 patients
were discharged on TT following PCI. Clopidogrel was
prescribed in 125 patients and ticagrelor in 27. The patients
who received ticagrelor were younger and had better renal
function and lower frequency of heart failure. Ticagrelor was
predominantly prescribed for patients presenting with an ST-
segment elevation MI. More patients on ticagrelor received
bridging with unfractionated heparin for initiation of
warfarin therapy. ( For baseline clinical characteristics of the
study population, interventional procedural characteristics

Table 1. Primary and Secondary Endpoints in the 2 Groups

Adverse Events
Ticagrelor,
n = 27 (%)

Clopidogrel,
n = 125 (%) P Value

NACE 14 (52) 65 (52) 0.98

BARC 2, 3, and 5 5 (18.5) 22 (17.8) 1.0

MACCE 2 (7.4) 17 (13.6) 0.53

TIMI bleeding 12 (40.7) 58 (46.4) 0.67

Major 3 (11.1) 10 (8.0) 0.70

Minor 0 (0) 4 (3.2) 1.0

Minimal 9 (33.3) 39 (31.2) 0.82

Requiring medical attention 2 (7.4) 8 (6.4) 1.0

BARC

Type 1 9 (33.3) 39 (31.2) 0.82

Type 2 2 (7.4) 7 (5.6) 0.66

Type 3a 0 (0) 5 (4.0) 0.59

Type 3b 2 (7.4) 8 (6.4) 1.0

Type 3c 1 (3.7) 1 (0.8) 0.32

Type 5b 0 (0) 1 (0.8) 1.0

Death 0 (0) 11 (8.8) 0.21

ST 2 (7.4) 1 (0.8) 0.08

MI 2 (7.4) 4 (3.2) 0.29

Ischemic stroke 0 (0) 6 (4.8) 0.59

Abbreviations: BARC, Bleeding Academic Research Consortium; MACCE,
major adverse cardiac and cerebrovascular events; MI, myocardial
infarction; NACE, net adverse clinical event; ST, stent thrombosis; TIMI,
Thrombolysis In Myocardial Infarction.

of the 2 groups, and indications for anticoagulation, see
Supporting Information, tables 1, 2, and 3, respectively, in
the online version of this article.)

The primary endpoint of NACE was observed in 52%
of patients, 14/27 (52%) among patients on ticagrelor
and 65/125 (52%) in clopidogrel patients (P = 0.98). The
secondary endpoint of BARC types 2, 3, or 5 bleeding at 12
months occurred in 27 patients, 5 (20%) on ticagrelor and
27 (20%) on clopidogrel (P = 0.96; Table 1).There was no
significant difference in MACCE, TIMI, or BARC bleeding
between the 2 groups at 1-month, 6-month, and 12-month
intervals. (For endpoints divided by time periods of 30 days,
6 months, and 1 year, see Supporting Information, tables 4
and 5, in the online version of this article.)

Predictors of Net Adverse Clinical Event and Bleeding
Academic Research Consortium Bleeding Events in Overall
Cohort

On univariate analyses, patients receiving bridging antico-
agulation therapy before PCI (P = 0.015), those with high
body mass index (P = 0.008), and those with ACS at presen-
tation (P = 0.009) were associated with increased NACE.
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Figure 1. Stepwise multiple logistic regression analysis for (A) NACE and
(B) BARC type 2, 3, and 5 bleeding. Abbreviations: ACS, acute coronary
syndrome; BARC, Bleeding Academic Research Consortium; BMI, body
mass index; CI, confidence interval; eGFR, estimated glomerular filtration
rate; NACE, net adverse clinical event; OR, odds ratio.

Conversely, use of a statin (P = 0.017) was associated with
lower NACE. On multivariable analysis, ACS at presentation
(OR: 4.8, 95% CI: 1.81-13.1, P = 0.002) and use of anticoagu-
lation with ticagrelor (OR: 1.13, 95% CI: 1.38-2.11, P = 0.02)
was associated with increased NACE in patients started on
TT (Figure 1A).

There was no significant univariate correlate for BARC
types 2, 3, or 5 bleeding events. On multivariable analysis,
lower glomerular filtration rate was the only variable
associated with higher risk of BARC types 2, 3, or 5 bleeding
events (OR: 1.13, 95% CI: 1.02-1.31, P = 0.03) in patients on
TT (Figure 1B).

Discussion
In the present study, we assessed NACE and bleeding
complications in a contemporary cohort of patients on triple
antithrombotic therapy in the first 12 months following
PCI. Significantly, NACE occurred in nearly half of the
patients, and BARC type 2, 3, or 5 bleeding occurred in
nearly one-fifth of the cohort. On the other hand, there
was no difference in the composite endpoint between
ticagrelor and clopidogrel groups at any time period
or at 12 months. Moreover, there was no difference
in the 2 groups with regard to bleeding events. Renal
insufficiency was the only independent predictor of
significant bleeding.

The use of TT has been endorsed by guidelines on the
basis of observational studies.9,18 The rationale of TT is
to confer ischemic protection in patients after coronary
stenting while concurrently treating an alternate indication
for the need of an anticoagulant.19 In the literature, it is
estimated that up to 10% of patients after PCI need to

be on an anticoagulant.20 Common reasons for requiring
an anticoagulant include AF,21 a history of a venous
thromboembolic event, mechanical valves, and the risk or
presence of thrombus after large MIs. Multiple studies have
evaluated the risk of bleeding among patients on TT, and
consistently it has been shown that those on TT have up to
3× the risk for bleeding compared with those on DAPT.22,23

No study to date has evaluated the role of ticagrelor in TT,
as this was an exclusion in the Platelet Inhibition and Patient
Outcomes (PLATO) study.

Ticagrelor is different from both clopidogrel and prasugrel
in its reversible binding, direct antagonism of P2Y12
receptor, and more rapid onset and offset of platelet
inhibition when compared with clopidogrel.24–26 In the
PLATO study, there was no significant difference in overall
major bleeding between those on clopidogrel compared
with those on ticagrelor.4 Accordingly, one may infer
that the lack of difference would be conserved in TT,
although until the current report, data were lacking. In
our real-world cohort, there were similar rates of combined
ischemic and bleeding complications among patients using
clopidogrel or ticagrelor. The lack of difference between the
NACE and significant bleeding between the 2 groups could
be attributed to ticagrelor pharmacodynamics. A possible
reason accounting for this may be its potency to prevent
ischemic outcomes, coupled with fast offset, if bleeding
does occur.24

The observed high bleeding event rate we observed
mirrors findings from other studies. However, most of the
previous studies have evaluated these complications during
the index hospital stay or at 30 days after discharge.27,28 The
current report now expands these findings out to 12 months,
again highlighting the increased risk of TT. Of importance,
no study included patients on ticagrelor in the TT because
of presumed potential bleeding complications. The lack of
increase in bleeding may be the differences in the types
of patients receiving ticagrelor compared with clopidogrel.
The majority of the patients on ticagrelor were started on
TT post-STEMI predominantly because of a ventricular
thrombus. This group of patients was relatively young
and had less comorbidity as compared with patients on
clopidogrel.

A key objective of our study was to determine groups at
risk for complications when receiving TT, and in particular to
see if ticagrelor was a predisposing factor. To evaluate this,
we performed multivariable analyses to find the predictors
of NACE and BARC 2, 3, and 5 bleeding. In our cohort,
ticagrelor was not a predictor of NACE or significant
bleeding. However, of clinical importance, patients who
started TT following ACS-related coronary intervention had
higher NACE on multivariable regression.

The only factor predicting significant bleeding was renal
insufficiency. Although the effect of renal dysfunction on
increased risk of bleeding has been reported before in the
literature,29,30 this is the first time renal dysfunction has been
demonstrated to be an independent predictor of bleeding
in TT. Patients with renal insufficiency have a higher
tendency to bleed, in part because of effects contributing
to dysfunctional platelets and hemostasis.29 Accordingly,
this group of patients requires close monitoring if TT is
initiated.
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Study Limitations

Our study does have some limitations. The study was not
randomized and was relatively small in size. Furthermore,
the univariate and multivariable analysis in the setting of
small numbers can miss important associations. However,
these were consecutive patients from a large-volume center.
Our ticagrelor group was small; however, as the use of
ticagrelor in the context of TT is novel and deemed ‘‘off-
indication,’’ the presence of these patients is relatively rare.
Of note, our study represents the first comprehensive
analysis of ticagrelor in this clinical context. The use
of ticagrelor was mainly in younger patients. However,
ticagrelor did not show any correlation with NACE or
BARC 2, 3, and 5 bleeding. Lastly, our study did not
include patients treated with NOAC. Although there may be
increased use of NOAC for AF, its use in TT is controversial.
Upcoming randomized studies may further elucidate clinical
outcomes in NOAC-treated patients requiring TT. Until the
results of these trials become available, concurrent use of
these agents with ticagrelor on a routine basis would be
unlikely.

Conclusion
Nearly half of the patients on TT suffer NACE, and one-fifth
will have major bleeding event. The use of ticagrelor in TT is
neither associated with higher bleeding events or increased
NACE when compared with clopidogrel. Furthermore,
association of renal dysfunction with bleeding indicates
cautious use of TT in patients with low eGFR.
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