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Abstract: There are limited data evaluating conformation of antithrombotic therapy usage to the
guideline recommendations. We investigated clinical trends and prognoses of patients with atrial
fibrillation (AF) according to anticoagulants and antiplatelet agents beyond 1 year after percutaneous
coronary intervention (PCI). We analyzed the records of patients with AF who underwent PCI using
the Korean National Health Insurance Service database. The primary endpoint was a composite of
major adverse cardiac events (MACE). The safety outcome was bleeding complications. Of 4193
participants, 81.6% received antiplatelet therapy, whereas 27.3% had oral anticoagulant (OAC)-based
therapy at 18 months after PCI. The dominant therapy was dual antiplatelet therapy (37.2%), and
only 3.3% of participants had OAC monotherapy. At the 1-year follow-up, the incidence of MACE
was significantly lower among those receiving a combination of OAC and single antiplatelet therapy
(SAPT) than among those receiving OAC monotherapy (4.78% vs. 9.42%, p = 0.017). Bleeding
complication events (5.01% vs. 5.80%, p = 0.587) did not differ between the groups. In clinical practice,
most patients with AF who underwent PCI continued to receive antiplatelet agents beyond 1-year
post-PCL. OAC with SAPT seemed to be more effective than OAC monotherapy, without a difference
in safety.

Keywords: atrial fibrillation; percutaneous coronary intervention; anticoagulant; antiplatelet

1. Introduction

Long-term oral anticoagulant therapy (OAC) is indicated in approximately 5-7% of
patients with coronary artery disease (CAD) who are undergoing percutaneous coronary in-
tervention (PCI) [1]. CAD is estimated to occur in 20-40% of patients with atrial fibrillation
(AF) [2,3]. Patients with AF require OACs to reduce the risk of thromboembolic events [4],
whereas antiplatelet therapy is essential to prevent thrombotic events, including stent
thrombosis, in patients with CAD [5]. Therefore, a combination of antithrombotic therapy
including OAC and antiplatelet therapy is recommended for patients with AF undergoing
PCI and stent implantation [5-7]. However, there are concerns about the clinical benefit
of the aforementioned intensive combination antithrombotic therapy, as it increases the
risk of fatal bleeding, which would offset the benefit of reducing ischemic risk [8-11]. A
balance between these therapies should be maintained to avoid thromboembolic events,
such as myocardial infarction (MI) or stroke and bleeding events, in patients with AF.

Current guidelines recommend triple therapy, which includes an OAC, along with
aspirin and a P2Y12 inhibitor, for an as-short-as-possible period, for the immediate an-
tithrombotic treatment of patients with AF who have undergone PCI, and for whom the
ischemic risk outweighs the risk of bleeding. In selected patients, such treatment is fol-
lowed by combination therapy, which includes an OAC plus a P2Y12 inhibitor for up to
12 months. After 12 months of combination therapy, or in patients with AF and stable
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CAD not requiring intervention, current guidelines recommend monotherapy with an
OAC [5-7].

Limited data are available regarding the current antithrombotic therapy and outcomes
of patients with AF beyond 1 year after PCI. Therefore, we investigated the clinical trends
and the prognosis of patients with AF beyond 12 months after PCI according to combi-
nations of anticoagulants and antiplatelet agents by using the Korean National Health
Insurance database.

2. Materials and Methods
2.1. Data Source

The National Health Insurance Services (NHIS) claims database was used in this study.
The NHIS is an obligatory universal health insurance system covering up to 97% of the en-
tire Korean population. The NHIS claims database contains sociodemographic information,
information regarding the use of inpatient and outpatient health care, pharmacy dispensing
claims, and mortality data. This study was approved by the Seoul National University
Bundang Hospital Institutional Review Board (B-1902-522-001). Informed consent was
waived because of the retrospective nature of the study and the use of anonymous clinical
data for analysis.

2.2. Definitions

The definition of AF was determined using the International Classification of Disease
10th Revision Clinical Modification codes (148.0-148.4 and 148.9). To ensure diagnostic
accuracy, patients in whom AF was recorded as the discharge diagnosis and/or AF had
been confirmed more than twice in the outpatient clinic were defined as having AF. The
procedure codes for PCI (M6561, M6562, M6563, and M6564) were used to identify patients
who had undergone PCI. The definitions of co-morbidities were based on diagnostic codes
and are summarized in Supplementary Table S1. CHA;DS;-VASc scores were calculated
for each patient to assess the individual stroke risk.

2.3. Study Population

We identified patients diagnosed with AF who underwent PCI between 1 January
2013, and 31 December 2017. We initially enrolled patients with 12 months after PCI and
excluded those not providing any prognosis with medical treatment. Patients whose follow-
up period was <18 months after PCI were excluded. Patients who died <18 months after
PCI were also excluded. We included only those patients who had the same prescriptions
between 12 and 18 months after PCI at 3-month intervals. Those who had new clinical
events including stroke, acute MI, re-PCI, or bleeding complications within 18 months after
PCI were excluded, and only stable patients were included in this analysis. Eventually, the
medical records of 4193 patients were assessed according to the antithrombotic regimen
(Figure 1). We retrieved inpatient and outpatient prescription records of antithrombotic
therapy, including aspirin, clopidogrel, vitamin K antagonist, and non-vitamin K antagonist
oral anticoagulants from 1 year after the index PCI. According to the prescription of
antithrombotic therapy, patients were categorized as the following 6 groups: no treatment,
single antiplatelet therapy (SAPT), OAC monotherapy, dual antiplatelet therapy (DAPT),
OAC with SAPT, and OAC with DAPT.

2.4. Clinical Outcomes

The primary efficacy endpoint was a composite of major adverse cardiac events
(MACE), including all-cause death, MI, and stroke. The safety outcome was bleeding-
related events, defined as admission with an endoscopic or endovascular procedure for
hemostasis or red blood cell transfusion. Clinical outcomes were followed up from
12 months after PCI. The definitions of clinical outcomes and bleeding-related events
are provided in Table S1 in the Supplementary Materials.
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Figure 1. Study enrollment flow. AF, atrial fibrillation; hCVA, hemorrhagic cerebrovascular accident; iCVA, ischemic
cerebrovascular accident; MI, myocardial infarction; PCI, percutaneous coronary intervention.

2.5. Statistical Analysis

Categorical variables are expressed as frequencies (percentages). Differences in cate-
gorical variables between groups were assessed using Pearson’s chi-square tests or Fisher’s
exact test, as appropriate. Continuous data are expressed as mean + SD and compared
using the one-way ANOVA test. Event-free survival curves as a landmark analysis at
18 months after index PCI were constructed using the Kaplan—-Meier method, and statistical
differences between the curves were assessed using the log-rank test. Cox proportional
hazard models were used to calculate hazard ratios HRs and 95% confidence intervals.
Multivariate models were constructed to adjust covariates including age, sex, baseline
risk factors, pre-existing cardiovascular disease, and CHA;DS,-VASc. The propensity
score was obtained with the use of logistic regression to adjust for between-group differ-
ences in the baseline characteristics of patients. Inverse probability weighting based on
propensity scores was then used as the primary tool to adjust for differences between the
two treatment groups. A p value <0.05 was considered statistically significant. Statistical
comparisons were performed using the R software, version 3.3.3 (the R Foundation for
Statistical Computing, Vienna, Austria, 4 February 2020).

3. Results
3.1. Baseline Characteristics

A total of 4193 patients with AF who were stable for 18 months after index PCI
were included in the analyses. Out of the total population, 15.1% of patients received no
treatment, 20.4% SAPT, 3.3% OAC monotherapy, 37.2% DAPT, 21.0% OAC with SAPT,
and 3.0% OAC with DAPT. The baseline characteristics are shown in Table 1. The mean
age was 69.8 years, and 68.5% were men. Among the study population, 81.6% received
antiplatelet therapy, whereas only 27.3% had OAC-based therapy at 18 months after PCL
The dominant therapy was DAPT (37.2%, n = 1560). Only 3.3% of participants had OAC
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monotherapy (n = 138) and another 21.0% (n = 879) had OAC with SAPT. Patients receiving
OAC monotherapy were significantly older, were more likely to be women, have a history
of MI, peripheral artery disease, heart failure, or stroke, and had lower CHA,;DS,-VASc
scores than the other groups. Propensity score weighting was performed to compare OAC
monotherapy and OAC with SAPT without differences in covariates, and the two treatment
groups were well balanced in all variables (Supplementary Table 52).

Table 1. Baseline characteristics of the total study population based on combinations of anticoagulants and antiplatelet

agents.
No OAC OAC with  OAC with
Variables Total Treatment SAPT Monotherapy DAPT SAPT DAPT p-Value

(n = 4193) (n = 635) (n = 855) (n =138) (n = 1560) (n =879) (n =126)
Age, years 69.8 £10.6 70.8+10.8 69.0+10.9 723 £ 84 689 +£111 71.0+£92 685 +10.2 <0.001
Male 2874 (68.5) 443 (69.7) 560 (65.5) 77 (55.8) 1090 (69.8) 611 (69.5) 93 (73.8) 0.003

Baseline risk factors
Hypertension 3595 (85.7) 541 (85.2) 720 (84.2) 125 (90.5) 1302 (83.4) 797 (90.6) 110 (87.3) <0.001
Diabetes mellitus 1494 (35.6) 243 (38.2) 280 (32.7) 49 (35.5) 556 (35.6) 312 (35.4) 54 (42.8) 0.162
Renal disease 398 (9.4) 121 (19.0) 65 (7.6) 12 (8.7) 121 (7.7) 70 (7.9) 9(7.1) <0.001
Liver disease 108 (2.5) 20 (3.1) 19 (2.2) 6(4.3) 43 (2.7) 17 (1.9) 3(2.3) 0.460
Dyslipidemia 4060 (96.8) 621 (97.8) 829 (96.9) 133 (96.3) 1506 (96.5) 848 (96.4) 123 (97.6) 0.682
Pre-existing cardiovascular
disease
Ischemic heart disease 4186 (99.8) 634 (99.8) 854 (99.8) 137 (99.2) 1559 (99.9) 877 (99.7) 125 (99.2) 0.231
Prior myocardial infarction 1810 (43.1) 287 (45.2) 364 (42.5) 45 (32.6) 695 (44.5) 358 (40.7) 61 (48.4) 0.032
Peripheral artery disease 1134 (27.0) 207 (32.6) 216 (25.2) 41 (29.7) 414 (26.5) 227 (25.8) 29 (23.0) 0.018
Prior stroke 1498 (35.7) 260 (40.9) 247 (28.8) 67 (48.5) 515 (33.0) 360 (40.9) 49 (38.8) <0.001
Heart failure 2396 (57.1) 384 (60.4) 427 (49.9) 92 (66.6) 854 (54.7) 562 (63.9) 77 (61.1) <0.001
Atrial fibrillation 3479 (82.9) 539 (84.8) 692 (80.9) 120 (86.9) 1227 (78.6) 795 (90.4) 106 (84.1) <0.001
CHA;,DS,-VASc score 4.90 (1.9) 5.10 (1.8) 4.63 (2.0) 5.62 (1.8) 4.72 (2.0) 521(1.7) 4.95 (1.9) <0.001
Medications use

Aspirin 2395 (57.1) 0(0) 462 (54.0) 0(0) 1560 (100) 247 (28.1) 126 (100)

P2Y7; inhibitors 2711 (64.6) 0(0) 393 (45.9) 0(0) 1560 (100) 632 (71.9) 126 (100)

Warfarin 507 (12.0) 0(0) 0(0) 42 (30.4) 0(0) 372 (42.3) 93 (73.8)

OAC 636 (15.1) 0(0) 0(0) 96 (69.5) 0(0) 507 (57.6) 33 (26.1)

DAPT, dual antiplatelet therapy; OAC, oral anticoagulant; SAPT, single antiplatelet therapy. Age and CHA;DS,-VASc scores were analyzed
by ANOVA test. The others were analyzed by chi-square test.

3.2. Clinical Outcomes

The outcomes of all patients are shown in Table 2. At the 1-year follow-up from
12 months after PCI, the primary efficacy end point occurred in 242 patients (5.8%), and
bleeding-related events occurred in 207 patients (4.9%) from the total study population.
The OAC monotherapy group showed the highest MACE (9.42%), followed by the triple-
antithrombotic (8.73%) and no treatment groups (8.19%). The OAC with SAPT group
showed the lowest MACE (4.78%). Bleeding complications occurred most frequently in the
triple-antithrombotic group (9.52%). The Kaplan-Meier curves of each group for MACE
showed a significant difference. No medication, OAC alone, and triple-antithrombotic
groups showed worse outcomes than the other groups (Figure 2). The probability of
bleeding complications among the six groups was not significantly different.

The incidence of MACE was significantly lower among those receiving OAC with
SAPT than among those receiving OAC monotherapy (4.78% vs. 9.42%, p = 0.017) (Table 2).
The incidence of all-cause mortality and MI were similar between patients receiving OAC
with SAPT and those receiving OAC monotherapy. However, the incidence of stroke was
significantly lower in the OAC with SAPT group than in the OAC monotherapy group,
with rates of 1.37% and 4.35%, respectively (p = 0.009). Bleeding complication events
(5.01% vs. 5.80%, p = 0.587) did not differ between the two groups.
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Table 2. 1-year clinical outcomes according to combinations of anticoagulants and antiplatelet agents.

(A)
No OAC OACwith OAC with
Outcomes Total Treatment SAPT Monotherapy DAPT SAPT DAPT p-Value
(n = 4193) (n = 635) (n = 855) (n =138) (n =1560) (n = 879) (n =126)
Primary efficacy end point
MACE 242 (5.7) 52 (8.1) 43 (5.0) 13 (9.4) 81 (5.1) 42 (4.7) 11 (8.7) 0.008
All-cause of death 172 (4.1) 40 (6.3) 31 (3.6) 8 (5.8) 55 (3.5) 32 (3.6) 6(4.7) 0.047
MI 23 (0.5) 4(0.6) 6 (0.7) 1(0.7) 6(0.3) 5(0.5) 1(07) 0.92
Stroke 77 (1.8) 11 (1.7) 14 (1.6) 6 (4.3) 29 (1.8) 12 (1.3) 5(3.9) 0.097
Primary safety end point
Bleeding
complication 207 (4.9) 41 (6.4) 32(3.7) 8(5.8) 70 (4.4) 44 (5.0) 12 (9.5) 0.031
(B)
OAC Monotherapy OAC with SAPT _
Outcomes (1 = 138) (1 = 879) p-Value
Primary efficacy end point
MACE 13 (9.4) 42 (4.7) 0.017
All-cause of death 8 (5.8) 32 (3.6) 0.175
MI 1(0.7) 5 (0.5) 0.798
Stroke 6(4.3) 12 (1.3) 0.009
Primary safety end point
Bleeding complication 8(5.8) 44 (5.0) 0.587
DAPT, dual antiplatelet therapy; MACE, major adverse cardiac events; MI, myocardial infarction; OAC, oral anticoagulant; SAPT, single
antiplatelet therapy.
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Figure 2. Kaplan—-Meier Curves for primary efficacy and safety endpoints in the total study groups. (A) The primary efficacy
outcome is MACE defined as a composite of all-cause death, myocardial infarction and stroke. (B) The safety outcome is
bleeding events defined as an admission with an endoscopic or endovascular procedure for hemostasis or red blood cell
transfusion. DAPT, dual antiplatelet therapy; MACE, major adverse cardiac events; OAC, oral anticoagulant; SAPT, single
antiplatelet therapy.

In the univariate and multivariate Cox proportional hazards models, the risks resem-
bled those in the main analysis. The risk of MACE was significantly lower in those who
were also prescribed an antiplatelet agent than in those who were not, whereas the risk of
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bleeding was comparable between the OAC with SAPT and OAC monotherapy groups
(Table 3).

Table 3. Comparison of univariate and multivariate predictors of MACE and bleeding complications
between OAC with SAPT and OAC monotherapy.

Outcomes Hazard Ratio 95% CI p-Value
Univariate
MACE 0.48 0.26-0.89 0.019
Bleeding complications 0.83 0.39-1.76 0.630
Adjusted by age, sex
MACE 0.48 0.25-0.89 0.020
Bleeding complications 0.84 0.39-1.79 0.651
Adjusted by CHA,DS,-VASc
MACE 0.52 0.28-0.97 0.040
Bleeding complications 0.87 0.41-1.86 0.726
Adjusted by all covariates
MACE 0.52 0.28-0.98 0.043
Bleeding complications 0.86 0.40-1.84 0.697

CI, confidence interval; MACE, major adverse cardiac events.

Kaplan-Meier curves of the crude population and inverse probability of treatment
weighting population of the two groups for the outcomes are displayed in Figure 3. After
adjusting for the different baseline characteristics, the probability of MACE and bleeding
complications between the two groups were not significantly different, although the OCA
with SAPT group showed a trend for a lower incidence of MACE than the group with

OAC alone.
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Figure 3. Kaplan-Meier curves of the crude population and inverse probability of treatment weight-
ing (IPTW) population for the clinical outcomes in OAC with SAPT and OAC monotherapy. MACE
of (A) unadjusted and (B) IPTW-adjusted population; bleeding complication of (C) unadjusted and
(D) IPTW-adjusted population. MACE, major adverse cardiac events; OAC, oral anticoagulant; SAPT,
single antiplatelet therapy.

4. Discussion

In this study, we found that patients with AF received various antithrombotic regimens,
and OAC monotherapy was an uncommon treatment beyond 1 year after PCIL. Antiplatelet-
based therapy was used in 81.6% of the participants. The main finding of this study was
that the incidence of MACE was significantly different according to the combinations
of antithrombotics, while the incidence of bleeding complications was not. Addition of
SAPT to OAC therapy seemed to be associated with a lower risk of MACE than OAC
alone, without increasing the incidence of bleeding events. However, the difference in
the risk of MACE between patients who received OAC with and without SAPT was
altered by statistical adjustment methods, suggesting that there is uncertainty regarding
OAC with SAPT being a better choice than OAC alone after 1 year in patients with AF
undergoing PCI. These results show a gap between the routine clinical practice and the
current guidelines that recommend life-long OAC monotherapy beyond the 1-year time
point after PCI. Contemporary guidelines recommend a short period of triple therapy (OAC,
aspirin, clopidogrel) followed by a period of dual therapy during the first 12 months. After
12 months of combination therapy, OAC monotherapy is recommended [5-7]. However, as
reflected in this study, in routine clinical practice, antiplatelet agents are commonly used in
combination with OAC beyond 1 year after coronary stenting, mainly because of concerns
related to the risk of stent thrombosis [12-14]. In a population-based study of 8891 Korean
patients between 2009 and 2013, Park et al. observed that 15% of patients with AF received
OAC 1 year after PCI [14]. The prescription rate of OAC 1 year after PCI was higher in
our study (27.3% vs. 15.2%), which indicated a gradual increase in the adoption of an
OAC-based regimen after PCI over time, particularly after the approval of non-vitamin
K antagonist oral anticoagulants in 2013. However, the treatment pattern of maintaining
prolonged antiplatelet therapy (SAPT or DAPT) was similar in patients on OAC at a year
after PCI (88.0% vs. 90.1%).

Another important finding of this study is that a significant proportion (15.1%) of the
patients had no antithrombotic therapy and showed poor outcomes in terms of MACE as
well as bleeding complications. In this cohort study, it is difficult to determine why these
patients did not receive any antithrombotics. Although we excluded patients with any
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ischemic or bleeding complications within 18 months post-PCI to overcome confounding by
indication, there might be a potential selection bias induced by measured and unmeasured
confounders. As described in Table 1, these patients had more frequent renal disease.
Moreover, we lacked information on labile International Normalized Ratio, alcohol intake,
concomitant medication, anthropometric and behavioral factors, or other clinical situations
that might affect the antithrombotic regimen. Nevertheless, it is of paramount importance
to investigate why the drug was not prescribed and how to improve their prognosis.

The current guidelines are not supported by definite evidence in this phase. Data on
the timing of cessation of antiplatelet agents in stented patients requiring long-term OAC
are scarce. Previous studies tried to establish a regimen of antithrombotic therapy beyond
1 year in patients with AF who underwent PCI. The OAC-ALONE trial, which is the first
randomized trial comparing OAC alone and a combination of OAC and SAPT, did not
establish the non-inferiority of OAC alone to combined OAC and SAPT in patients with AF
and stable CAD beyond 1 year after stenting, because patient enrollment was prematurely
terminated, leading to an underpowered sample size [15]. The OLTAT Registry failed to
show the beneficial effect of adding an antiplatelet agent to OAC in patients with AF and
stable CAD beyond 1 year after stenting [16]. There were no differences in endpoints in
terms of efficacy, but significant bleeding was more evident in patients administered an
antiplatelet agent. However, in that study, 70% of patients received warfarin as an OAC,
and an all-cause death rate of 30% was extraordinary.

Recently, the AFIRE trials demonstrated that rivaroxaban monotherapy was not infe-
rior to a combination of rivaroxaban and an antiplatelet agent with respect to cardiovascular
events and death from any cause, and was superior with respect to major bleeding in pa-
tients with AF and stable CAD [17]. In the AFIRE study, 70.6% of patients received PCI,
among whom 23% received bare metal stent. Meanwhile, 11.4% had previously undergone
CABG and 19% patients received only medical therapy. In contrast, 100% of patients in
our study received stents. In addition, aspirin was chosen as the antiplatelet agent in 70%
of patients, while P2Y12 inhibitors were used in 71.2% of the OAC with SAPT group in
our study. The patients in the AFIRE study had lesser previous MI and stroke than those
in our study. In clinical practice, we often encounter patients with higher risk and more
advanced atherosclerotic diseases. Therefore, we should prudently apply the result of a
single randomized controlled trial in clinical practice. Our study found that OAC with
SAPT beyond 1 year after PCI reduced ischemic events without increasing bleeding compli-
cations in patients with AF. High bleeding risk factors should be appropriately identified
and managed in clinical practice. In terms of discriminating bleeding risk, the Academic
Research Consortium High Bleeding Risk framework has been validated and showed an
overall good performance in patients undergoing PCI receiving OAC therapy [18].

Limitations and biases were inherent to the observational nature of the analysis,
which included an actual clinical, unselected cohort of patients with AF who underwent
PCI. Information regarding medication compliance in patients was unavailable in our
study, which may affect the actual proportion of patients receiving different antithrombotic
regimens, although we included only those who had the same prescriptions between 12
and 18 months after PCI at 3-month intervals to minimize misclassification bias. Survival
treatment selection bias cannot be excluded because patients who were stable with a
certain antithrombotic regimen for 18 months had a higher probability of receiving the
same treatment, which could yield a positive association. IPTW was used to adjust for
differences between groups, but confounding factors could still remain. However, the
large sample size in this study reduces the potential uncertainty and bias. There is a
limitation in that the OAC monotherapy group included a relatively small number of
patients. Because the presence of major bleeding was determined using claims data, the
definition used for major bleeding is not standardized. Finally, information regarding the
complexity of the coronary lesions and the PCI procedure, which may affect the selection
of the antithrombotic strategy, were not included in the analysis.
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5. Conclusions

In this study, antiplatelet-based therapy is the mainstream antithrombotic regimen,
and OAC monotherapy is a minor treatment in AF patients beyond 1 year after PCL
Addition of SAPT to OAC therapy seemed to be associated with a lower risk of MACE than
OAC alone, without increasing the rate of bleeding events. However, it is uncertain whether
OAC with SAPT would be a better choice. Therefore, further randomized controlled trials
are needed to conclusively determine the optimal antithrombotic therapy regimen beyond
1 year after PCl in patients with AF.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
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in total study and weighted study populations.
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