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Abstract

Objectives: The choice of optimal antithrombotic therapy in atrial fibrillation (AF) patients with acute coronary
syndrome (ACS) or percutaneous coronary intervention (PCI) remains controversial. The aim of this longitudinal
cohort study is to investigate the prescribing pattern of antithrombotic regimen in different cohorts and its
subsequent impact.

Setting and design: Longitudinal data from the Tri-Service General Hospital-Coronary Heart Disease (TSGH-CHD)
registry, between January 2016 and August 2018 was screened.

Participants and method: Patients with prior history of nonvalvular AF, who had ACS presentation or underwent
PCI were selected, and these patients were divided into cohort 1 and cohort 2, according to the index date of
antithrombotic prescription before and after the PIONEER AF-PCI study.

Primary and secondary outcomes: The primary safety endpoints were composites of major bleeding and/or
clinically relevant non-major bleeding. The secondary efficacy endpoints included the occurrence of all-cause
mortality, stroke/systemic embolization, nonfatal myocardial infarction (MI), and >30-days coronary revascularization.
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Results: A total of 121 patients were included into analysis (cohort 1=35; cohort 2=86). Comparing with cohort 1,
the prescription rate of triple antithrombotic therapy (TAT) increased from 17.1 to 38.4%, especially the regimen
with dual antiplatelet therapy (DAPT) plus low-dose non-vitamin-K dependent oral anticoagulation (NOAC).
However, the prescription rate of dual antithrombotic therapy (DAT) decreased (14.3–10.5%), as well as the
prescription rate of DAPT (68.6–51.2%). These changes of antithrombotic prescription across different cohorts were
not associated with risk of adverse safety (HR= 0.87; 95% CI, 0.42-1.80, p=0.710) and efficacy outcomes (HR=0.96;
95% CI, 0.40-2.32, p=0.930).

Conclusions: Entering the NOAC era, the prescription of TAT increased alongside the decrease in DAT. As the
prescription rate of DAPT without anticoagulation remained high, future efforts are mandatory to improve the
implementation of guidelines and clinical practice.

Keywords: Antithrombotic, Prescription, Atrial fibrillation, Acute coronary syndrome, Percutaneous coronary
intervention, Cohort

Introduction
Atrial fibrillation (AF) is the most common sustained
cardiac arrhythmia in the world and is associated with
significant symptoms, impaired quality of life, and car-
diovascular morbidity and mortality. [1] Moreover, AF
shares several common risk factors with coronary artery
disease (CAD), such as age, obesity, hypertension, dia-
betes mellitus, and dyslipidemia, so that the prevalence
of CAD in patients with AF is expected to be high, re-
ported ranging from approximate 20-40%[2, 3].
However, the strategy of optimal antithrombotic ther-

apy in patients with AF and concomitant CAD remains
challenging. [4, 5] Thromboembolism as a result of AF
has a stasis and fibrin drive, whereas atherothrombosis is
mainly driven by endothelial plaque rupture, platelet ag-
gregation, and even partially thrombin generation. [6]
Clinically, dual antiplatelet therapy (DAPT) with a P2Y12

inhibitor plus aspirin were recommended in patients
with acute coronary syndrome (ACS) or who underwent
percutaneous coronary intervention (PCI) with implant-
ation of stent. [7, 8] Oral anticoagulation (OAC), on the
other hand, has been proved to be superior to DAPT for
prevention of stroke and systemic thromboembolism in
patients with AF. [9] As a consequence, so-called triple
antithrombotic therapy (TAT) with DAPT plus an OAC
will be considered after ACS or successful PCI in AF pa-
tients. Unfortunately, but inevitably, the more aggressive
of antithrombotic regimen being used, the higher risk of
bleeding. [10, 11].
Entering the non-vitamin-K dependent oral anticoagu-

lation (NOAC) era, PIONEER AF-PCI (Open-Label,
Randomized, Controlled, Multicenter Study Exploring
Two Treatment Strategies of Rivaroxaban and a Dose-
Adjusted Oral Vitamin K Antagonist Treatment Strategy
in Subjects with Atrial Fibrillation who Undergo Percu-
taneous Coronary Intervention) trial, published in De-
cember 2016, was one of the first attempts to try to
clarify the optimal antithrombotic strategy in patients

with AF undergoing PCI with placement of stents. [12]
The study provided that dual antithrombotic therapy
(DAT), a P2Y12 inhibitor plus rivaroxaban 15 mg once
daily was associated with a lower rate of significant
bleeding related to standard TAT with DAPT plus
vitamin-K antagonist (VKA), without compromising the
risk of major adverse cardiovascular events and stent
thrombosis. Taking advantage of safety, DAT with com-
bination of a P2Y12 inhibitor and a NOAC may be an al-
ternative option; or even a favorable choice to balance
the risk of ischemic event and bleeding. [13, 14] How-
ever, the contemporary real world data of antithrom-
botic management is limited. In this longitudinal cohort
study, we did not intend to represent which antithrom-
botic regimen is better than others. Instead, the scope of
the study is to demonstrate the cohort effects on the
changes of antithrombotic prescribing habits and its im-
pact on patients’ outcomes.

Methods
Study cohorts
Tri-Service General Hospital-Coronary Heart Disease
(TSGH-CHD) registry is a single-center, prospective,
and longitudinal cohort database and it was established
since 2014. [15] Patients were eligible for enrollment
into the registry if they presented with stable angina
(SA) or acute coronary syndrome (ACS), including un-
stable angina (UA), non-ST-segment elevation myocar-
dial infarction (NSTEMI), or ST-segment elevation
myocardial infarction (STEMI). All patients were admit-
ted to the hospital and received coronary angiography
(CAG) with or without coronary interventional therapy.
All patients’ clinical data have thoroughly been reviewed
and recorded by a specialized research assistant. Baseline
demographic characteristics, medical history, clinical
presentation, laboratory parameters, echocardiographic
findings, phenotype of coronary arteries, coronary angi-
ography results, interventional procedures and discharge
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medication are comprehensively evaluated from medical
records.
Patients with prior history of nonvalvular AF, who had

ACS presentation or had underwent PCI were selected
from the TSGH-CHD registry between January 2016
and August 2018. These patients were indicated clinical
requirement of concomitant anticoagulation and anti-
platelet therapy. In order to analyze the differences of
prescribing pattern of antithrombotic regimen before
and after the publication of PIONEER AF-PCI study, we
divided these eligible patients into two longitudinal co-
horts by the index date of antithrombotic prescription.
Patients were categorized into cohort 1 if the prescribing
date was before the publication of PIONEER AF-PCI
study (December 31, 2016) and cohort 2 was defined as
the cohort after PIONEER AF-PCI study. The study was
ethically approved by the institutional review board (IRB
NO. A202005128). This was an observational study that
patients were not recruited to receive intervention. In-
formed consent was not required in the study.

Stroke and bleeding risks assessment
Stroke risk was assessed with the use of CHA2DS2-VASc
scores, which has been proved to be correlated with the
risk of stroke and systemic embolization among patients
with nonvalvular AF who are not receiving anticoagulant
therapy. [16] The CHA2DS2-VASc scores ranges from 0
to 9 and represents the sum of points for the following
conditions: congestive heart failure, hypertension, dia-
betes mellitus, vascular diseases, age of 65-74 years (1
points for each), and age ≥75 years, prior stroke or tran-
sient ischemic attack (2 points for each). The clinical
utility of HAS-BLED score has been described before
and it was used for bleeding risk assessment in our co-
hort study. [17] The HAS-BLED score ranges from 0 to
9 and represents the sum of points for the conditions:
hypertension, abnormal renal function (dialysis, kidney
transplantation, or ≥creatinine 2.3 mg/dL), abnormal
liver function (aspartate aminotransferase or alanine
aminotransferase more than 3-fold the upper limit of
normal or bilirubin more than 2-fold the upper limit of
normal), previous history of stroke, bleeding history or
tendency, labile international normalized ratio (INR),
elderly with age >65 years, concomitant usage of drugs
of antiplatelet agents or non-steroid anti-inflammatory
drug (NSAID), and excess alcohol intake. The higher
HAS-BLED score reflects the higher risk of bleeding.

Antithrombotic regimen
Clinical decisions regarding prescribing antithrombotic
regimen were made by the attending physicians after
assessing patients’ characteristics, clinical thrombotic
and bleeding risk. The antithrombotic regimens were
categorized into three major patterns: triple

antithrombotic therapy (TAT), DAPT, and dual anti-
thrombotic therapy (DAT). The composition of TAT in-
cluded DAPT plus VKA, DAPT plus full-dose NOAC,
and DAPT plus low-dose NOAC. The composition of
DAT included single antiplatelet therapy (SAPT) plus
VKA, SAPT plus full-dose NOAC and SAPT plus low-
dose NOAC. The full-dose NOAC indicated 50 mg
twice daily for dabigatran; 15 mg daily for rivaroxaban;
5 mg twice daily for apixaban; and 60 mg daily for edox-
aban. However, the low-dose NOAC indicated 110 mg
twice daily for dabigatran; 10 mg daily for rivaroxaban;
2.5 mg twice daily for apixaban; and 30 mg daily for
edoxaban.

Follow-up and study outcomes
The primary safety endpoint of the study was occurrence
of major or clinically relevant non-major bleeding as de-
fined by the International Society on Thrombosis and
Hemostasis (ISTH). The definition of major bleeding in
non-surgical patients was (1) fetal bleeding and/or (2)
symptomatic bleeding in a critical organ (e.g. intracra-
nial, intraspinal, intraocular, retroperitoneal, intraarticu-
lar, pericardial, or intramuscular with compartment
syndrome) and/or (3) bleeding causing a fall in
hemoglobin level of 2 g/dL or more, or leading to trans-
fusion at least 2 units of whole blood or red cells. The
clinically relevant non-major bleeding was defined as an
acute or subacute clinically over bleed that leads to at
least one of the following: (1) a hospital admission for
bleeding or (2) a physician guided medical or surgical
treatment for bleeding, or (3) a change in antithrombotic
therapy. The secondary endpoint was efficacy endpoints
which included the occurrence of all-cause mortality,
stroke/systemic embolization, nonfatal myocardial in-
farction (MI), and coronary revascularization (>30 days
after discharge). All medical records were reviewed care-
fully, and every patient was followed up to 1.5 years
maximally if they did not meet the criteria of our
endpoints.

Statistical analysis
Continuous variables are presented as mean and stand-
ard deviation. Categorical variables are presented as the
number of patients and the corresponding percentage.
The differences between the continuous values were
assessed by using an unpaired two-tail Student t test or
one-way analysis of variance post-hoc Benferroni test for
normally distributed continuous variables; Mann-
Whitney rank-sum test for skewed variables. Nominal
variables were compared with Pearson chi-square test or
Fisher exact test. Kaplan-Meier method was used to
present cumulative incidence in the two longitudinal co-
horts. A Cox proportional regression analysis was con-
ducted to compare the differences of study outcomes
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between the two longitudinal cohorts, with the results
presented as a hazard ratio (HR) with a 95% confidence
internal (CI). All statistical analyses were performed with
a software package (IBM SPSS Statistics Version 25.0),
and differences were considered significant as p value <
0.05.

Results
Study population and clinical characteristics
Figure 1 displayed the details of selection criteria and pa-
tient deposition. Between January 2016 and August
2018, a total of 4,061 patients were selected retrospect-
ively from the TSGH-CHD registry. After comprehen-
sive assessment, 121 patients with prior nonvalvular AF
with ACS or PCI were included into analysis. Among
these, 35 patients were categorized into cohort 1 in
which the index date of prescribing antithrombotic regi-
men was before the publication of PIONEER AF-PCI
study; and 86 patients were categorized into cohort 2.

Table 1 demonstrated the characteristics of patients in
the two cohorts. No differences were observed in age,
gender, and underlying comorbidities. The prevalence of
uremia, requiring hemodialysis was approximately 20%
in both cohorts. Regarding the echocardiographic find-
ings, there were no significant differences in left atrium
size and left ventricular systolic function between the
two cohorts. The proportion of paroxysmal AF was

Fig. 1 Algorithm of study design. The flow chart demonstrated the selection criteria and patient deposition by the timing of PIONEER AF-PCI
study. AF, atrial fibrillation; ACS, acute coronary syndrome; PCI, percutaneous coronary intervention; CAD, coronary artery disease; CABG, coronary
artery bypass grafting, NSTEMI, non-ST-segment elevation myocardial infarction

Table 1 Comparison of clinical characteristics between two
longitudinal cohorts

Characteristics Overall population (N=121) P
valueCohort 1 (N=35) Cohort 2 (N=86)

Baseline characteristics

Age (years) 71.7±11.4 73.6±12.3 0.418

Male, N (%) 25 (71.4) 60 (69.8) 0.856

Hypertension, N (%) 32 (91.4) 73 (84.9) 0.259

Diabetes mellitus, N (%) 20 (57.1) 37 (43.0) 0.158

Dyslipidemia, N (%) 12 (34.3) 32 (37.2) 0.762

Prior MI, N (%) 18 (51.4) 42 (48.8) 0.796

Prior stroke/TIA, N (%) 9 (25.7) 16 (18.6) 0.381

Prior heart failure, N (%) 17 (48.6) 34 (39.5) 0.361

Uremia, N (%) 7 (20.0) 17 (19.8) 0.977

Echocardiographic characteristics

LAD (mm) 46.59±7.88 44.04±8.25 0.138

LVEF (%) 49.69±14.36 51.67±16.34 0.552

AF characteristics

Paroxysmal AF, N (%) 24 (68.6) 36 (41.9) 0.008

CHA2DS2-VASc score 4.5±1.9 4.1±1.7 0.187

HAS-BLED score 3.5±1.1 3.2±1.1 0.182

MI, myocardial infarction; TIA, transient ischemic attack; LAD, left atrium
dimension; LVEF, left ventricular ejection fraction; AF, atrial fibrillation
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significantly higher in cohort 1 compared to cohort 2
(68.6% vs. 41.9%, P=0.008). The mean CHA2DS2-VASc
(4.5±1.9 vs. 4.1±1.7) and HAS-BLED (3.5±1.1 vs. 3.2±
1.1) scores were similar between cohort 1 and cohort 2.
Figure 2 demonstrated the detailed distribution of
CHA2DS2-VASc and HAS-BLED scores in the two co-
horts. Based on the similar mean CHA2DS2-VASc score,
patients in cohort 1 had more proportion of CHA2DS2-
VASc score of over 5 than cohort 2. On the contrary,
patients in the cohort 2 had higher proportion of
CHA2DS2-VASc score of 4 and 5. Regarding the HAS-
BLED score, patients in cohort 1 had higher proportion
of HAS-BLED score of 5 than patients in cohort 2.

Table 2 showed the clinical characteristics of coronary
artery disease in the two cohorts. There were nearly 40%
patients presented as acute coronary syndrome (ACS) in
both cohorts and almost 90% of patients had received suc-
cessful stent placement. The left anterior descending
(LAD) coronary artery was the most commonly stenosed
coronary artery. Despite the recent practical guideline had
recommended contemporary drug-eluting stent (DES) as
the preferred stent type during management of PCI in AF
patients treated with oral anticoagulation, [18] there was
only 51.4% of patients received DES placement in cohort
1 and 61.6% in the cohort 2. No significant differences in
stent type were observed between the two cohorts.

Prescribing pattern of antithrombotic regimen
Figure 3 A displayed the percentages of three major
prescribing patterns of antithrombotic regimen in the
two longitudinal cohorts. Comparing with cohort 1,
the percentage of TAT was significantly higher in co-
hort 2 (17.1% vs. 38.4%, p= 0.023). The prescription
rate of DAT decreased from 14.3 to 10.5% even

despite PIONEER AF-PCI study provided superior
safety with DAT, a P2Y12 inhibitor plus rivaroxaban
(15 mg once daily) over TAT with warfarin. Although
the percentage of DAPT decreased from 68.6 to
51.2%, this regimen remained the most common pre-
scription in both cohorts. Comprehensive information
regarding all compositions of antithrombotic regimen
was illustrated in Fig. 3B. Among the composition of
TAT, DAPT plus low-dose NOAC was the most
common prescription than DAPT plus warfarin and
DAPT plus full-dose NOAC in both cohort 1 and co-
hort 2. Regarding DAT, the percentage of prescription
of SAPT plus a VKA was common (11.4%) in cohort

Fig. 2 The distribution of CHA2DS2-VASc and HAS-BLED scores in the two longitudinal cohorts. The detailed information of (A) CHA2DS2-VASc
and (B) HAS-BLED score were presented. The mean values of CHA2DS2-VASc and HAS-BLED scores were similar between the two cohorts

Table 2 Comparison of clinical presentation, coronary lesion
characteristics, and stent types between two longitudinal
cohorts

Characteristics Overall population (N=121) P
valueCohort 1 (N=35) Cohort 2 (N=86)

Clinical presentation

ACS presentation, N (%) 13 (37.1) 33 (38.4) 0.899

Coronary lesion characteristics

LM lesion, N (%) 3 (2.3) 5 (5.7) 0.421

LAD lesion, N (%) 35 (100.0) 77 (89.5) 0.041

LCX lesion, N (%) 24 (68.6) 54 (62.8) 0.547

RCA, N (%) 28 (80.0) 61 (70.9) 0.305

Stent placement, N (%) 30 (85.7) 77 (89.5) 0.544

Stent types

DES, N (%)* 18 (51.4) 53 (61.6) 0.302

BMS, N (%) 13 (37.1) 23 (26.7) 0.257

BVS, N (%) 1 (2.9) 1 (1.2) 0.497

ACS, acute coronary syndrome; LM, left main coronary artery; LAD, left anterior
descending artery; LCX, left circumflex artery; RCA, right coronary artery; DES,
drug-eluting stent, BMS, bare-metal stent; BVS, bioresorbable scaffold
* Two patients received both drug-eluting stent and bare-metal stent
placement during the same procedure in cohort 1
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1, and the SAPT plus a NOAC was more common
(8.2%) in the cohort 2.

The prevalence of male gender was much lower in pa-
tients received DAT regimen, related to DAPT and TAT
(35.7% vs. 77.9% and 69.2%, respectively) (Supplement
Table). The prescription of DAT was more common in
patients with prior history of stroke or transient ische-
mic attack. Among patients received DAPT, 32.4% had
ESKD requiring hemodialysis that was significantly
higher than patients received DAT and TAT. Compared
with those received DAT and DAPT, patients received
TAT has lower HAS-BLED score (3.5±1.2, 3.4±1.2 vs.
2.9±0.8, respectively).

Follow-up of study outcomes
Table 3 showed no differences in discharge medication
between the two cohorts; including medication of renin-
angiotensin system (RAS) blockade, beta-blockade, sta-
tin, and antiarrhythmic drugs. During follow-up, 11

(31.4%) patients suffered from primary safety endpoints
in cohort 1 and 22 (25.6%) patients in cohort 2 (HR=
0.87; 95% CI, 0.42-1.80, p=0.710) (Table 4). There were
no significant differences in individual components of
the safety endpoints between the two cohorts. Regarding
the secondary efficacy endpoints, the incidence was
20.0% in cohort 1 as compared with 19.8% in cohort 2
(HR=0.96; 95% CI, 0.40-2.32, p=0.930). The incidence of
individual components of the efficacy endpoints were
also provided in Table 4. Similarly, no differences in in-
dividual components of the efficacy endpoints were ob-
served. Figure 4 demonstrated the Kaplan-Meier curve
of cumulative incidence of primary safety endpoints and
secondary efficacy endpoints. Although the prescription
of antithrombotic regimen changes in different cohorts,
the incidence of primary safety endpoints and secondary
efficacy endpoints were similar during follow up.

Discussion
Our study provided the real-world practice of anti-
thrombotic management in AF patients with ACS or
PCI in two longitudinal cohorts. Entering the NOAC
era, the percentage of DAPT prescription decreased but
it remained the most common antithrombotic regimen
rather than TAT and DAT. The prescription of TAT, es-
pecially low-dose NOAC-based regimen increased, ac-
companied with decrease of DAT prescription.
Moreover, these changes of prescribing pattern of anti-
thrombotic regimen were not associated with long-term
risks of clinical bleeding, all-cause mortality, and adverse
cardiovascular events.

Fig. 3 Prescribing patterns of antithrombotic regimen in the two longitudinal cohorts. A The bar plot demonstrated the longitudinal changes of
prescribing patterns of antithrombotic regimens. B The detailed information regarding distribution of all compositions of antithrombotic regimen
in the tow cohorts. * indicated the significant difference between the two cohorts

Table 3 Comparison of medication at discharge between two
longitudinal cohorts

Characteristics Overall population (N=121) P
valueCohort 1 (N=35) Cohort 2 (N=86)

ACEI/ARB, N (%) 13 (37.1) 48 (55.8) 0.063

Aldactone, N (%) 7 (20.0) 23 (26.7) 0.436

Beta-blocker, N (%) 29 (82.9) 65 (75.6) 0.383

Statin, N (%) 21 (60.0) 48 (55.8) 0.673

Digoxin, N (%) 4 (11.4) 9 (10.5) 1.000

Propafenone, N (%) 1 (2.9) 1 (1.2) 0.497

Cordarone, N (%) 7 (20.0) 29 (33.7) 0.134

ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II
receptor blocker
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Antithrombotic strategy in the NOAC era
A major breakthrough in the antithrombotic manage-
ment in AF patients requiring anticoagulation has been
represented by the introduction of NOACs. [18–21]
Moreover, four large clinical trials addressed on the opti-
mal antithrombotic strategy for specific subgroup of AF
patients with ACS or PCI requiring concomitant DAPT
has been recently generated. [12, 22–24] The PIONEER
AF-PCI study, the first one of them, compared three
treatment strategies in AF patients after PCI and the
study demonstrated the superiority in safety outcomes
with DAT (rivaroxaban 15 mg once daily plus a P2Y12

inhibitor, mostly clopidogrel) relative to traditional TAT
with DAPT plus VKA. [12] The rates of cardiovascular
death, myocardial infarction (MI), or stroke were similar
between these two antithrombotic regimens. Univocally,
other three trials also showed significantly reduced risk
of major bleeding in prescribing DAT with a P2Y12 in-
hibitor plus a NOAC when compared with TAT. A re-
cent meta-analysis also suggested combination of a

P2Y12 inhibitor and a NOAC, without aspirin may be
the most favorable treatment option as TAT with DAPT
plus VKA may cause more bleeding risk without im-
provement in antithrombotic efficacy. [25].
However, some key issues should be emphasized.

Firstly, the four clinical trials, included AF patients with
ACS and/or undergoing PCI were primarily investigating
the safety and had no sufficient power to provide defin-
ite robust evidence of benefit about ischemic outcome.
[26] Secondly, patients with extremely high risk of stent
thrombosis were largely under-represented in these tri-
als. In the RE-DUAL PCI trial, there was a numerical
trend for increased thrombotic endpoints when treating
with SAPT plus dabigatran 100 mg twice daily. [22] In a
subgroup analysis of 3498 AF patients underwent PCI
with stenting in AUGUST trial, 57 (1.6%) patients devel-
oped stent thrombosis over 6 months. The majority of
the definite or probable stent thrombosis occurred
within 30 days. [27] In addition, according to a compre-
hensive meta-analysis, Ravi V. et al. suggested the

Table 4 Comparison of clinical outcomes between two longitudinal cohorts

Clinical Outcomes Overall Cohort (N=121) Cohort 2 vs. Cohort 1 P
ValueCohort 1 (N=35) Cohort 2 (N=86) Hazard ratio (95% CI)

Primary safety endpoint, N (%) 11 (31.4) 22 (25.6) 0.87 (0.42-1.80) 0.710

Major bleeding, N (%) 10 (28.6) 17 (19.8) 0.74 (0.34-1.62) 0.456

CRNMB, N (%) 1 (2.9) 5 (5.8) 2.16 (0.25-18.45) 0.483

Secondary efficacy endpoint, N (%) 7 (20.0) 17 (19.8) 0.96 (0.40-2.32) 0.930

All-cause death, N (%) 2 (5.7) 8 (9.3) 1.57 (0.33-7.41) 0.567

Stroke/SE, N (%) 1 (2.9) 4 (4.7) 1.60 (0.18-14.28) 0.676

Nonfatal MI, N (%) 2 (5.7) 2 (2.3) 0.39 (0.06-2.79) 0.350

Revascularization, N (%) 2 (5.7) 3 (3.5) 0.60 (0.10-3.59) 0.576

Fig. 4 Kaplan-Meier curve of cumulative incidence of study endpoints. The Kaplan-Meier curve of accumulative incidences of (A) primary safety
endpoints and (B) secondary efficacy endpoints showed no significant differences in the two cohorts
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potential increase in the risk of stent thrombosis when
choosing DAT in patients with AF and CAD, especially
for those at a higher risk of ischemic events. [28] Our
longitudinal cohort study showed the prescription of
DAT decreased from 14.3 to 10.5%. In cohort 2, only
4.7% of patients received DAT with SAPT plus full-dose
NOAC at discharge, like the regimen recommended by
clinical trials. This finding suggested that cardiovascular
interventionist may hesitate to prescribe DAT at charge
because of the unmet need of power in preventing ische-
mic events of stent thrombosis.

Current guideline/consensus recommendation
Currently, most of guidelines or consensus recom-
mended TAT as the initial medical strategy for most AF
patients with ACS and/or underwent PCI, especially
those with high ischemic risk and low bleeding risk. [7,
29–31] In the four clinical trials, the duration of TAT
between index PCI and study randomization varied from
1 to 14 days. [12, 22–24] That indicated a short course
of TAT after coronary stenting could be desirable. In the
2020 ESC guideline for the diagnosis and management
of atrial fibrillation, short course of TAT and early cessa-
tion (≤1 week) of aspirin was recommended in AF pa-
tients with ACS underwent an uncomplicated PCI. [31]
The duration of TAT could be extended up to 1 month
when risk of stent thrombosis outweighs the bleeding
risk. In the North American expert consensus update fo-
cusing on AF patients undergoing PCI, TAT was even
recommended only during index hospitalization for
most patients. [32] DAT with SAPT plus an OAC
should be prescribed immediately after hospital dis-
charge and up to 12 months as a default strategy. One-
month of TAT should only be recommended for those
at high ischemic/thrombotic risk and low bleeding risk.
Our study demonstrated the percentage of TAT pre-
scription at discharge increased significantly from 17.1
to 38.4% in the two longitudinal cohorts, especially the
increment of DAPT plus low-dose NOAC (from 8.6 to
20.9%). Nevertheless, the information regarding duration
of TAT after discharge was limited in our study. An-
other point is that only half of our patients with coron-
ary stenting received drug-eluting stent (DES)
implantation. Despite the recent practical guideline rec-
ommended contemporary DES as the preferred stent
type during management of PCI in AF patients treated
with oral anticoagulation. [33].

Under prescribing of anticoagulation in real-world data
One important finding in our study is that the percent-
age of DAPT prescription decreased from 68.6 to 51.2%
as more physicians were aware of the optimal antithrom-
botic management. In other words, that pointed out ap-
proximately half of AF patients with ACS or PCI who

required concomitant use of antiplatelet therapy and
anticoagulation were prescribed with DAPT only rather
than TAT and DAT. This under prescribing of anticoa-
gulation reflected a gap between guideline recommenda-
tion and real-world practice.
However, our result is not a unique instance, but has

its counterpart. [34] Wang et al. reported 53.3% of pa-
tients were prescribed DAPT at discharge in a retro-
spective cohort study in Taiwan, which included AF
patients with a new ACS or PCI from 2008 to 2016. [35]
In a Korean nationwide study investigating the 10-year
trends of antithrombotic prescription from 2006 to
2015, Park et al. reported the prescription rate of TAT
increased gradually (22.7–38.3%) in patients with AF
undergoing PCI. [36] However, the prescription rate of
DAPT remained high with 60.3% in 2015. Mai et al. re-
ported a retrospective data in Southern China that
showed the prescription rate of OACs at discharge for
patients with AF and ACS from 2013 to 2018 was only
21.7%.[37] The inadequate implementation of guidelines
recommendation were more common in Asia as individ-
uals of Asian ethnicity were considered more vulnerable
to anticoagulant-related bleeding, especially using VKA.
[38] Among 12,165 Danish population of AF patients
hospitalized with MI or PCI between 2001 and 2009,
only 3,590 (29.5%) patients received DAPT. [39] Rubboli
et al. reported that DAPT was prescribed to 18% of AF
patients undergoing PCI and stent implantation in a
large European multicenter observational study. [40]
Several factors may also contribute the inadequate antic-
oagulation in our study. The prevalence of baseline
HAS-BLED score ≥3 were 80% and 73.2% in cohort 1
and cohort 2, which indicated a relatively higher bleed-
ing risk in our cohort and this situation could discourage
physicians to pursue more aggressive antithrombotic
strategy. Moreover, the prevalence of uremia was high in
both cohorts, with approximately one fifth. We believed
that was because Taiwan has the highest prevalence of
uremia in the world the the incidence of AF is notably
high in uremic patients who requiring hemodialysis. [41]
Therefore, uremia, a contraindication to NOAC, could
also precipitate the under-prescription of anticoagula-
tion. A meta-analysis suggested the use of VKA for AF
may be associated with an unfavorable risk/benefit ratio
in patients with ESKD. [42] Therefore, physician would
rather not prescribe VKA when treating AF patients
with ESKD and our study demonstrated that 92% (22/
24) of ESKD patients were treated with DAPT only.

Study limitations
Some limitations were observed in this study. This is a
single-center, observational and non-randomized cohort
study and it provides regional data only. Some discrep-
ancies may exist in different areas. Another major
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limitation is the small sample size which may affect the
significance of the results. In addition, not all dosage of
NOAC were available in the single medical institution
(e.g. Rivaroxaban 20 mg) and this may affect the decision
of antithrombotic strategy. The lack of information re-
garding the duration of antithrombotic treatment after
hospital discharge may influenced the patients’ outcome
during follow-up. Finally, there was a low prescription
rate of guideline-medical therapy, including RAS block-
ade, beta-blockade, and statin in our study which might
also affect the clinical outcome during follow-up.

Conclusions
In this real-world, longitudinal cohort study, we found
that the prescribing pattern of antithrombotic regimen
in AF patients with ACS or PCI were changing over
time. Entering the NOAC era, the prescription of TAT
increased, especially the regimen of DAPT plus low-dose
NOAC. Noteworthy, still half of individuals of AF with
ACS and/or underwent PCI were treated with DAPT
only. We need more efforts to increase the physician
awareness and improve the adherence of guidelines for
the optimal antithrombotic management of AF patients
with ACS or PCI. Finally, our study demonstrated these
changes of antithrombotic prescription were not associ-
ated with increased risk of clinical bleeding, all-cause
mortality, and adverse cardiovascular events.

Abbreviations
AF: Atrial fibrillation; CAD: Coronary artery disease; ESKD: End-stage kidney
disease; ACS: Acute coronary syndrome; PCI: Percutaneous coronary
intervention; CAG: Coronary angiography; SA: Stable angina; UA: Unstable
angina; NSTEMI: Non-ST-segment elevation myocardial infarction; STEMI: ST-
segment elevation myocardial infarction; DAPT: Dual antiplatelet therapy;
SAPT: Single antiplatelet therapy; OAC: Oral anticoagulation; NOAC: Non-
vitamin-K dependent oral anticoagulation; VKA: Vitamin K antagonist;
TAT: Triple antithrombotic therapy; DAT: Dual antithrombotic therapy;
DES: Drug-eluting stent; RAS: Renin-angiotensin system

Supplementary information
The online version contains supplementary material available at https://doi.
org/10.1186/s12959-021-00353-z.

Additional file 1

Acknowledgements
I would like to thank all participating colleagues who contributed to this
study and reviewers/editor for their comments.

Authors’ contributions
CH Chang, CC Lee, and WY Lin conceived and designed the study. Y Hung,
CS Lin, SP Yang, SM Cheng, FH Yu, WS Lin, and WY Lin participated in the
collection of patients’ data and organization of manuscript writing. CH
Chang, CC Lee, and WY Lin performed the statistical analysis, interpreted the
data, and drafted the manuscript. WY Lin critically revised the manuscript
and supervised the project. All the authors approved and agreed the final
manuscript.

Funding
This research received no specific grant from any funding agency in the
public, commercial or not-for-profit sectors.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
The study was ethically approved by the institutional review board (IRB NO.
A202005128).

Consent for publication
Not applicable.

Competing interests
Not applicable.

Received: 14 May 2021 Accepted: 28 November 2021

References
1. Colilla S, Crow A, Petkun W, Singer DE, Simon T, Liu X. Estimates of current

and future incidence and prevalence of atrial fibrillation in the U.S. adult
population. Am J Cardiol. 2013;112(8):1142–1147.

2. Nucifora G, Schuijf JD, Tops LF, et al. Prevalence of coronary artery disease
assessed by multislice computed tomography coronary angiography in
patients with paroxysmal or persistent atrial fibrillation. Circ Cardiovasc
Imaging. 2009;2(2):100–106.

3. Kralev S, Schneider K, Lang S, Süselbeck T, Borggrefe M. Incidence and
Severity of Coronary Artery Disease in Patients with Atrial Fibrillation
Undergoing First-Time Coronary Angiography. PLoS One. 2011;6(9):e24964.

4. Capodanno D, Huber K, Mehran R, et al. Management of Antithrombotic
Therapy in Atrial Fibrillation Patients Undergoing PCI: JACC State-of-the-Art
Review. J Am Coll Cardiol. 2019;74(1):83–99.

5. Buccheri S, Angiolillo DJ, Capodanno D. Evolving paradigms in
antithrombotic therapy for anticoagulated patients undergoing coronary
stenting. Ther Adv Cardiovasc Dis. 2019;13:1753944719891688.

6. Chan NC, Weitz JI. Antithrombotic Agents. Circ Res. 2019;124(3):426–436.
7. Valgimigli M, Bueno H, Byrne RA, et al. 2017 ESC focused update on dual

antiplatelet therapy in coronary artery disease developed in collaboration
with EACTS. Eur Heart J. 2018;39(3):213–254.

8. Li YH, Wang YC, Wang YC, et al. 2018 Guidelines of the Taiwan Society of
Cardiology, Taiwan Society of Emergency Medicine and Taiwan Society of
Cardiovascular Interventions for the management of non ST-segment
elevation acute coronary syndrome. J Formos Med Assoc. 2018;117(9):766–
790.

9. Connolly S, Pogue J, Pfeffer M, et al. Clopidogrel plus aspirin versus oral
anticoagulation for atrial fibrillation in the Atrial fibrillation Clopidogrel Trial
with Irbesartan for prevention of Vascular Events (ACTIVE W): a randomised
controlled trial. Lancet. 2006;367(9526):1903–1912.

10. Paikin JS, Wright DS, Crowther MA, Mehta SR, Eikelboom JW. Triple
antithrombotic therapy in patients with atrial fibrillation and coronary artery
stents. Circulation. 2010;121(18):2067–2070.

11. Shiroto T, Sakata Y, Nochioka K, et al. Clinical benefits and risks of
antithrombotic therapy in patients with atrial fibrillation with comorbidities
– A report from the CHART-2 Study. Int J Cardiol. 2020;299:160–168.

12. Gibson CM, Mehran R, Bode C, et al. Prevention of Bleeding in Patients with
Atrial Fibrillation Undergoing PCI. N Engl J Med. 2016;375(25):2423–2434.

13. Golwala HB, Cannon CP, Steg PG, et al. Safety and efficacy of dual vs. triple
antithrombotic therapy in patients with atrial fibrillation following
percutaneous coronary intervention: a systematic review and meta-analysis
of randomized clinical trials. Eur Heart J. 2018;39(19):1726-1735a.

14. Lopes R, Hong H, Harskamp R, et al. Optimal Antithrombotic Regimens for
Patients With Atrial Fibrillation Undergoing Percutaneous Coronary
Intervention. JAMA Cardiol. 2020;5(5):1–8.

15. Lin WY, Hung Y, Lin GN, et al. Profiles of hospitalized patients with
angiographic coronary heart disease in Taiwan during 2014-2016: Report of
a tertiary hospital. Acta Cardiol Sin. 2021;37(4):365–376.

16. Lip GYH, Nieuwlaat R, Pisters R, et al. Refining clinical risk stratification for
predicting stroke and thromboembolism in atrial fibrillation using a novel
risk factor-based approach: The Euro Heart Survey on atrial fibrillation. Chest.
2010;137(2):263–272.

Lee et al. Thrombosis Journal          (2021) 19:100 Page 9 of 10

https://doi.org/10.1186/s12959-021-00353-z
https://doi.org/10.1186/s12959-021-00353-z


17. Pisters R, Lane DA, Nieuwlaat R, et al. A novel user-friendly score (HAS-BLED)
to assess 1-year risk of major bleeding in patients with atrial fibrillation: The
euro heart survey. Chest. 2010;138(5):1093–1100.

18. Connolly SJ, Ezekowitz MD, Yusuf S, et al. Dabigatran versus Warfarin in
Patients with Atrial Fibrillation. N Engl J Med. 2009;361(12):1139–1151.

19. Patel MR, Mahaffey KW, Garg J, et al. Rivaroxaban versus Warfarin in
Nonvalvular Atrial Fibrillation. N Engl J Med. 2011;365(10):883–891.

20. Granger CB, Alexander JH, McMurray JJV, et al. Apixaban versus Warfarin in
Patients with Atrial Fibrillation. N Engl J Med. 2011;365(11):981–992.

21. Giugliano RP, Ruff CT, Braunwald E, et al. Edoxaban versus Warfarin in
Patients with Atrial Fibrillation. N Engl J Med. 2013;369(22):2093–2104.

22. Cannon CP, Bhatt DL, Oldgren J, et al. Dual Antithrombotic Therapy with
Dabigatran after PCI in Atrial Fibrillation. N Engl J Med. 2017;377(16):1513–
1524.

23. Lopes RD, Heizer G, Aronson R, et al. Antithrombotic Therapy after Acute
Coronary Syndrome or PCI in Atrial Fibrillation. N Engl J Med. 2019;380(16):
1509–1524.

24. Vranckx P, Valgimigli M, Eckardt L, et al. Edoxaban-based versus vitamin K
antagonist-based antithrombotic regimen after successful coronary stenting
in patients with atrial fibrillation (ENTRUST-AF PCI): a randomised, open-
label, phase 3b trial. Lancet. 2019;394(10206):1335–1343.

25. Lou B, Liang X, Wu Y, et al. Meta-Analysis Comparing Dual Versus Single
Antiplatelet Therapy in Combination With Antithrombotic Therapy in
Patients With Atrial Fibrillation Who Underwent Percutaneous Coronary
Intervention With Stent Implantation. Am J Cardiol. 2018;122(4):604–611.

26. Bhatt DL. O PIONEERs! The Beginning of the End of Full-Dose Triple Therapy
with Warfarin? Circulation. 2017;135(4):334–337.

27. Lopes RD, Leonardi S, Wojdyla DM, et al. Stent thrombosis in patients with
atrial fibrillation undergoing coronary stenting in the AUGUSTUS trial.
Circulation. 2020;141(9):781–783.

28. Ravi V, Pulipati P, Vij A, Kodumuri V. Meta-analysis comparing double versus
Triple Anti-thrombotic Therapy in Patients with Atrial Fibrillation and
Coronary Artery Disease. Am J Cardiol. 2020;125:19–28.

29. Lip GYH, Collet JP, Haude M, et al. 2018 Joint European consensus
document on the management of antithrombotic therapy in atrial
fibrillation patients presenting with acute coronary syndrome and/or
undergoing percutaneous cardiovascular interventions: A joint consensus
document of the Europ. Europace. 2019;21(2):192–193.

30. Calkins H, Chen LY, Cigarroa JE, et al. 2019 AHA/ACC/HRS Focused Update
of the 2014 AHA/ ACC/HRS Guideline for the Management of Patients With
Atrial Fibrillation. Circulation. 2019;140:e125-e151.

31. Hindricks G, Potpara T, Dagres N, et al. 2020 ESC Guidelines for the
diagnosis and management of atrial fibrillation developed in collaboration
with the European Association for Cardio-Thoracic Surgery (EACTS). Eur
Heart J. 2021;42(5):373–498.

32. Angiolillo DJ, Goodman SG, Bhatt DL, et al. Antithrombotic Therapy in
Patients With Atrial Fibrillation Treated With Oral Anticoagulation
Undergoing Percutaneous Coronary Intervention. Circulation. 2018;138(5):
527–536.

33. Steffel J, Verhamme P, Potpara TS, et al. The 2018 European Heart Rhythm
Association Practical Guide on the use of non-vitamin K antagonist oral
anticoagulants in patients with atrial fibrillation. Eur Heart J. 2018;60:1–64.

34. Guimarães PO, Zakroysky P, Goyal A, Lopes RD, Kaltenbach LA, Wang TY.
Usefulness of Antithrombotic Therapy in Patients With Atrial Fibrillation and
Acute Myocardial Infarction. Am J Cardiol. 2019;123(1):12–18.

35. Wang YH, Kao HL, Wang CC, Lin SY, Lin FJ. Comparative effectiveness and
safety of antithrombotic therapy in atrial fibrillation patients presenting with
acute coronary syndrome or percutaneous coronary intervention. Acta
Cardiol Sin. 2019;35(5):508–521.

36. Park J, Choi E-K, Han K-D, et al. Temporal trends in prevalence and
antithrombotic treatment among Asians with atrial fibrillation undergoing
percutaneous coronary intervention: A nationwide Korean population-based
study. PLoS One. 2019;14(1):e0209593.

37. Mai L, Wu Y, Luo J, et al. A retrospective cohort study of oral anticoagulant
treatment in patients with acute coronary syndrome and atrial fibrillation.
BMJ Open. 2019;9(9):e031180.

38. Sabir I, Khavandi K, Brownrigg J, Camm AJ. Oral anticoagulants for Asian
patients with atrial fibrillation. Nat Rev Cardiol. 2014;11(5):290–303.

39. Lamberts M, Gislason GH, Olesen JB, et al. Oral Anticoagulation and
antiplatelets in atrial fibrillation patients after myocardial infarction and
coronary intervention. J Am Coll Cardiol. 2013;62(11):981–989.

40. Rubboli A, Schlitt A, Kiviniemi T, et al. One-year outcome of patients with
atrial fibrillation undergoing coronary artery Stenting: An analysis of the
AFCAS registry. Clin Cardiol. 2014;37(6):357–364.

41. Li PK-T, Lui SL, Ng JK-C, et al. Addressing the burden of dialysis around the
world: A summary of the roundtable discussion on dialysis economics at
the First International Congress of Chinese Nephrologists 2015. Nephrology.
2017;22:3–8.

42. Dahal K, Kunwar S, Rijal J, Schulman P, Lee J. Stroke, major bleeding, and
mortality outcomes in warfarin users with atrial fibrillation and chronic
kidney disease: A meta-analysis of observational studies. Chest. 2016;149(4):
951–959.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Lee et al. Thrombosis Journal          (2021) 19:100 Page 10 of 10


	Abstract
	Objectives
	Setting and design
	Participants and method
	Primary and secondary outcomes
	Results
	Conclusions

	Introduction
	Methods
	Study cohorts
	Stroke and bleeding risks assessment
	Antithrombotic regimen
	Follow-up and study outcomes
	Statistical analysis

	Results
	Study population and clinical characteristics
	Prescribing pattern of antithrombotic regimen
	Follow-up of study outcomes

	Discussion
	Antithrombotic strategy in the NOAC era
	Current guideline/consensus recommendation
	Under prescribing of anticoagulation in real-world data
	Study limitations

	Conclusions
	Abbreviations
	Supplementary information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

