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ABSTRACT
Objectives  No data on optimal management of patients 
with acute coronary syndromes (ACS) on long-term direct 
oral anticoagulants (DOACs) undergoing percutaneous 
coronary intervention (PCI) are available. Using the data of 
the Management of Antithrombotic TherApy in Patients with 
Chronic or DevelOping AtRial Fibrillation During Hospitalization 
for PCI study, we sought to compare the outcome of patients 
with ACS and atrial fibrillation (AF) who underwent PCI 
during uninterrupted DOAC (UDOAC group) and those who 
interrupted DOAC before PCI (IDOAC group).
Methods  The primary outcomes of our analysis were the 
incidence of major adverse cardiovascular events (MACEs), 
a composite of death, cerebrovascular events, recurrent 
myocardial infarction or revascularisation and net adverse 
clinical events (NACEs), including major bleeding, at 6 months.
Results  Among the 132 patients on long-term DOAC, 72 
(54.6%) underwent PCI during UDOAC and 60 (45.4%) 
after IDOAC. The mean CHA

2DS2-VASc score was 3.8±1.7 
and 3.9±1.3 (p=0.89), while the HAS-BLED score was 
2.5±1.0 and 2.5±0.9 (p=0.96), in UDOAC and IDOAC groups, 
respectively. The median time from hospital admission to 
PCI was 9.5 (IQR: 2.0–31.5) hours in UDOAC and 45.5 (IQR: 
22-5–92.0) hours in IDOAC group (p<0.0001). A radial 
approach was used in 92%, and a drug-eluting stent was 
implanted in 98% of patients. At 6 months, the rates of MACE 
(13.9% vs 16.7%) and NACE (20.8% vs 21.7%) did not differ 
between UDOAC and IDOAC groups. At multivariable analysis, 
increasing CHA

2DS2-VASc score (HR: 1.39; 95% CIs 1.05 to 
1.83; p=0.02) resulted as the only independent predictor of 
NACE.
Conclusions  Our study shows that PCI is a safe 
procedure during UDOAC in patients with concomitant ACS 
and AF.

INTRODUCTION
The management of patients on oral anti-
coagulation therapy requiring percutaneous 
coronary intervention (PCI) represents a 

complex issue due to the need for balancing 
between both thromboembolic and bleeding 
complications during periprocedural 
period.1–3 Indeed, thromboembolic risk asso-
ciated with discontinuation of oral anticoag-
ulants and possible bleeding events associ-
ated with an uninterrupted anticoagulation 
strategy challenge the clinician with daily 
therapeutic choices.1–3

Direct oral anticoagulants (DOACs), 
including dabigatran, apixaban, edoxaban 
and rivaroxaban, have emerged as leading 
therapeutic alternatives to vitamin K antago-
nists for the prevention of thromboembolic 
complications in patients with non-valvular 
atrial fibrillation (AF).4–6 DOACs vary 
substantially in pharmacokinetic properties, 
including dependence on renal excretion, 
so duration to interrupt anticoagulation may 
differ among different agents. In order to 

Key questions

What is already known about this subject?
►► Evidence on the safety of percutaneous coronary 
intervention (PCI) during uninterrupted direct oral 
anticoagulation (UDOAC) is scarce, and the opinion 
on the plausibility of discontinuing the therapy, es-
pecially if performed in patients with acute coronary 
syndromes (ACSs), is conflicting.

What does this study add?
►► Our study shows that PCI is a safe procedure during 
UDOAC in patients with concomitant ACS and atrial 
fibrillation.

How might this impact on clinical practice?
►► A strategy of UDOAC before PCI for ACS may reduce 
hospital stay and costs.
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address these issues, recent expert consensus documents 
suggested proper timing for DOAC therapy interrup-
tion, based on procedural bleeding risk, type of agent 
and renal function.4–6 Despite these recommendations, 
several studies have been published in recent years 
suggesting the feasibility of invasive cardiac procedures 
during uninterrupted DOAC (UDOAC).4–6 Neverthe-
less, the evidence on the safety of PCI during UDOAC is 
scarce, and the opinion on the plausibility of discontin-
uing the therapy, especially if performed in patients with 
acute coronary syndromes (ACS), is conflicting.4–6

In this analysis, we sought to compare the outcome 
of AF patients on long-term DOAC undergoing PCI for 
an ACS during an UDOAC versus interrupted DOAC 
(IDOAC) strategy.

METHODS
This is an analysis of the Management of Antithrombotic 
TherApy in Patients with Chronic or DevelOping AtRial 
Fibrillation During Hospitalization for PCI (MATA-
DOR-PCI) study7 8 aimed to assess the antithrombotic 
management and clinical events of patients with AF 
admitted to Italian cardiology intensive care units (CCUs) 
for an ACS and undergoing PCI with stent implantation.

The design and the main results of the MATADOR-PCI 
registry have been published previously.7 8 Briefly, the 
MATADOR-PCI was a prospective, observational, nation-
wide registry conducted in 76 Italian CCUs between 
August 2018 and December 2019. All consecutive patients 
with AF and a confirmed diagnosis of ACS (non-ST eleva-
tion-ACS (NSTE-ACS) or ST-elevation myocardial infarc-
tion (STEMI)) undergoing PCI with at least one stent 
implantation have been included.7 A clinical follow-up at 
6 months was also planned for all patients.

Patients admitted with a diagnosis of ACS at the time 
of enrolment but not confirmed during hospitalisation, 
ACS treated medically, with surgical revascularisation or 
with percutaneous coronary balloon angioplasty without 
stent implantation and those not giving informed consent 
were excluded from the survey.7

Data were collected using a web-based, electronic case 
report form (CRF) with the central database located at the 
Associazione Nazionale Medici Cardiologi Ospedalieri 
(ANMCO) Research Center. By using a validation plan, 
integrated in the data entry software, data were checked 
for missing or contradictory entries and values out of the 
normal range.

Data are be available on reasonable request to ANMCO 
Research Center, Florence.

In this analysis, we considered only patients treated 
with DOACs at the time of hospital admission and with 
an estimated glomerular filtration rate (eGFR) ≥30 mL/
min, according to the Cockroft-Gault formula.9 There-
fore, the study cohort was stratified in two groups of 
patients: (1) those who interrupted the DOAC before 
PCI, according to the American College of Cardiology 
(ACC) expert consensus document recommendations (in 

case of dabigatran: ≥24, ≥36 and ≥48 hours in presence 
of eGFR ≥80 80–50 and 50–30 mL/min, respectively; for 
other DOACs:≥24 hours irrespective from eGRF)4 and 
(2) those who did not stop the DOAC before PCI.

In these two groups, we compared the rate of major 
adverse cardiovascular events (MACEs), a composite of 
death, cerebrovascular events (stroke, transient ischaemic 
attack and systemic embolism) and recurrent myocardial 
infarction (MI) or revascularisation, and net adverse 
clinical events (NACE), including MACE and major 
bleeding events at 6 months from hospital admission. MI 
was defined according to the third universal definition of 
MI.10 Stroke was identified as an acute neurological deficit 
lasting >24 hours and affecting the ability to perform 
daily activities with or without confirmation by imaging 
techniques. Bleeding events were defined according to 
the Bleeding Academic Research Consortium (BARC) 
criteria.11 A major bleeding was defined as BARC ≥3.

Statistical analysis
Categorical variables were reported as numbers and 
percentages and compared by χ2 test. Continuous vari-
ables were reported as mean and SD, and compared by 
t-test, if normally distributed, or as median and IQR, and 
compared by Mann-Withney U test, if not.

Multivariable analysis (Cox regression) was performed 
in order to identify the independent predictors of NACE 
at 6 months, considering the following variables of clin-
ical interest: CHA2DS2-VASc score (as continuous), type 
of ACS at discharge (STEMI vs NSTE-ACS), UDOAC 
versus IDOAC strategy and eGFR ≥50 versus <50 mL/min. 
Kaplan-Meier curves for MACE and NACE at 6 months 
from hospital admission were produced and compared 
by log-rank test.

All tests were two sided. A p value <0.05 was considered 
statistically significant. All the analyses were performed 
with SAS system software, V.9.4.

RESULTS
Among the 598 consecutive AF patients enrolled in the 
registry, 132 were on DOAC at hospital admission: 72 
(54.6%) underwent PCI without pauses in DOAC treat-
ment (UDOAC group) and in the remaining 60 (45.4%) 
patients the DOAC was stopped before the procedure 
(IDOAC group). In this latter group, the median time 
from the last DOAC assumption to PCI was 24 (IQR: 
24–48) hours. The different types and dosages of DOACs 
in the two groups and the median time intervals from the 
last DOAC assumption to PCI are detailed in figure 1.

Clinical characteristics of the study population are shown 
in table 1. Patients in the UDOAC group were significantly 
younger and presented more frequently a diagnosis of 
STEMI at discharge compared with patients in the IDOAC 
group. The mean CHA2DS2-VASc score was 3.8±1.7 and 
3.9±1.3 (p=0.89), while the HAS-BLED score was 2.5±1.0 
and 2.5±0.9 (p=0.96), in UDOAC and IDOAC groups, 
respectively. At the time of admission, 14 (10.6%) patients 
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were receiving acetylsalicylic acid (ASA) and 5 (3.8%) a dual 
antiplatelet therapy (DAPT), in addition to a DOAC.

Antithrombotic therapy in the periprocedural period
The median time from hospital admission to PCI was 9.5 
(IQR: 2.0–31.5) hours in UDOAC and 45.5 (IQR: 22.5 to 
92.0) hours in IDOAC group (p<0.0001).

A pretreatment with DAPT was employed in 69 (52.3%) 
patients, without differences between the two groups, 
while low-molecular weight heparins (LMWHs) were 
used before PCI in 6 (8.3%) of UDOAC and 20 (33.3%) 
of IDOAC patients (p=0.0003).

Table  2 shows the angiographic and procedural vari-
ables of enrolled patients. A radial approach was used in 
92%, a multivessel disease was present in 48% and a drug-
eluting stent (DES) was implanted in 98% of patients, 
without differences between the two groups. Considering 
the antithrombotic therapies administered during the 
PCI, a glycoprotein IIb/IIIa inhibitor was used in 3% and 
unfractionated heparin in 66% of cases (table 2).

The rate of any procedural complication (including 
slow/no flow, coronary dissection, cardiac tamponade, 
major arrhythmias and access site complications) was 
lower in the UDOAC compared with IDOAC group 
(2.8% vs 13.3%; p=0.02).

The median hospital length of stay was 7 (IQR: 5–9) 
days in UDOAC and 8 (IQR: 5–13) days in IDOAC group 
(p=0.14). In-hospital incidence of MACE (6.9% vs 11.7%) 
and NACE (11.1% vs 13.3%) did not differ significantly 
between UDOAC and IDOAC groups.

At the time of discharge, a triple therapy (DOAC+DAPT) 
was prescribed in 86.1% and 83.3% (p=0.66), while a dual 
therapy (DOAC+ASA or P2Y12 inhibitor) in 13.9% and 
11.7% (p=0.70) of patients included in UDOAC and IDOAC 
groups, respectively.

Clinical events at follow-up
Data at follow-up were obtained for all patients included 
in the present analysis. The median time from hospital 
entry to 6-month follow-up was 191 (178–199) days.

The rates of MACE (13.9% vs 16.7%) and NACE 
(20.8% vs 21.7%) at 6 months were comparable between 
UDOAC and IDOAC groups (figure  2). The Kaplan-
Meier curves of MACE and NACE in the two groups are 
shown in figure 3.

The overall incidence of bleeding events was 13.9% 
versus 18.3% (p=0.49), while major bleedings (BARC 
≥3) occurred in 6.9% versus 6.7% (p=1.0) of patients in 
UDOAC and IDOAC groups, respectively.

At multivariable analysis, increasing CHA2DS2-VASc 
score (HR: 1.39; 95% CIs 1.05 to 1.83; p=0.02) resulted 
as the only independent predictor of NACE at 6 months 
from hospital admission.

DISCUSSION
The present analysis, including a nationwide, contem-
porary, real-world cohort of patients with concomitant 
ACS and AF, suggests that PCI is a safe procedure during 
UDOAC.

Although risks of major bleeding events with PCI 
procedures are relatively low, management of bleeding 
complications associated with oral anticoagulants can 
be challenging even with DOACs that, unlike vitamin 
K antagonists, present the advantage of having reversal 
agents available in clinical practice.3 In our series, major 
bleeding events, classified with a universal and contem-
porary definition, occurred in approximately 7% of cases 
within the first 6 months from hospital admission, being 
managed without the employment of reversal agents for 
DOACs.

In 2017, the ACC released an expert consensus docu-
ment on the periprocedural management of anticoagula-
tion in patients with non-valvular AF to provide guidance 
on DOAC interruption before invasive procedures.4 
Considering the different pharmacokinetics of DOACs, 
the timing for interruption varied for dabigatran based 
on eGFR and was uniform for other DOACs, in accor-
dance with prescribing information.4 12 In addition, 
the consensus states that in the absence of electrical or 

Figure 1  Different types and dosages of DOACs at hospital admission for patients in UDOAC and IDOAC groups and hours 
of DOAC interruption before PCI in IDOAC group. Dark blue: full dose (150 mg/twice daily dabigatran; 20 mg/od rivaroxaban; 
5 mg/twice daily apixaban; 60 mg/od edoxaban); light blue: reduced dose (110 mg/twice daily dabigatran; 15 mg/once daily 
rivaroxaban; 2.5 mg/twice daily apixaban; 30 mg/odonce daily edoxaban). DOAC, direct oral anticoagulant; IDOAC, interrupted 
direct oral anticoagulant; PCI, percutaneous coronary intervention; UDOAC, uninterrupted direct oral anticoagulant.
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haemodynamic instability, it is reasonable to wait for the 
effects of the DOAC to dissipate and then perform the 
PCI through a radial artery approach.4 Later, both the 
American Heart Association5 and the European Heart 
Rhythm Association6 released scientific documents on 
management of patients on DOACs in the acute care 
and periprocedural setting. Similarly, they discerned risk 
based on possible procedural bleeding complications, 
patient’s clinical profile and type of DOAC.5 6

To the best of our knowledge, this is the first study 
assessing the safety of UDOAC in patients undergoing 
PCI. Therefore, the recommendations on periproce-
dural management of DOACs were generated from phar-
macokinetic studies and evidence about the effectiveness 

of vitamin K antagonists’ interruption before elective or 
urgent PCI.4–6 In a retrospective analysis of 523 patients 
(70% with AF) on long-term warfarin therapy referred 
for PCI in seven Finland centres, major bleeding events 
were more common in those who interrupted warfarin 
compared with those who did not.13 In a subanalysis 
of the What is the Optimal antiplElet and anticoagu-
lant therapy in patients with oral anticoagulation and 
coronary StenTing study, uninterrupted therapy with 
warfarin was not associated with an increase of bleeding 
or MACE at 1 year compared with a strategy of warfarin 
interruption and bridging therapy before PCI.14 Accord-
ingly, in a meta-analysis of uninterrupted strategy when 
compared with interrupted strategy, uninterrupted 
therapy with warfarin was found to be at least as safe as 
interrupted oral anticoagulation in patients undergoing 
coronary angiography with or without PCI.15 Moreover, 
in the Management of patients with Atrial Fibrillation 
undergoing Coronary Artery Stenting trial, the number 
of access site bleedings and the length of hospital stay 
after PCI was higher in patients who interrupted warfarin 
compared with patients who did not interrupt anticoagu-
lation therapy.16 A high incidence of procedural compli-
cations, including access site bleedings and a prolonged 
time to PCI were also seen in our cohort of patients on 
long-term DOACs.

Since DOAC regimens became available for clinical use 
in AF, few studies have been conducted in order to assess 
the safety of an UDOAC strategy for cardiac procedures 
such as pulmonary vein ablation, electrical cardioversion, 
coronary angiography or elective PCI.2–6 17 18 In our study, 
we first demonstrated the safety of UDOAC in ACS using 
current PCI strategies, as suggested by the use of radial 

Table 1  Clinical characteristics, haemodynamic variables, 
laboratory parameters and antithrombotic therapies in 
addition to DOACs at baseline

UDOAC 
n=72

IDOAC 
n=60 P value

Age, years (mean±SD) 74±9 78±8 0.04

Males, n (%) 53 (73.6) 43 (71.7) 0.80

STEMI, n (%) 30 (41.7) 8 (13.3) 0.0003

Body mass index (mean±SD) 27.7±4.7 27.7±4.6 0.95

Active smokers, n (%) 10 (13.9) 7 (11.7) 0.58

Diabetes mellitus, n (%) 25 (34.7) 25 (41.7) 0.41

Hypertension, n (%) 64 (88.9) 51 (85.0) 0.51

Hypercholesterolaemia, n (%) 42 (58.3) 34 (56.7) 0.16

Peripheral artery disease, n (%) 11 (15.3) 4 (6.7) 0.21

Previous stroke/TIA, n (%) 18 (25.0) 9 (15.0) 0.16

History of heart failure, n (%) 14 (19.4) 10 (16.7) 0.68

Prior MI, n (%) 22 (30.6) 19 (31.7) 0.89

Previous PCI/CABG, n (%) 28 (38.9) 22 (36.7) 0.79

History of major bleeding, n (%) 3 (4.2) 2 (3.3) 0.80

Chronic kidney disease, n (%) 19 (26.4) 11 (18.3) 0.54

CHA2DS2-VASc (mean±SD) 3.8±1.7 3.9±1.3 0.89

HAS BLEED (mean±SD) 2.5±1.0 2.5±0.9 0.96

Ejection fraction, % (mean±SD) 47.4±9.7 45.1±12.5 0.40

eGFR, mL/min (mean±SD) 68.4±26.7 63.5±23.3 0.25

Haemoglobin, g/dL (mean±SD) 13.0±1.8 12.9±1.5 0.69

Creatinine, mg/dL (mean±SD) 1.1±0.3 1.1±0.3 0.72

Platelets, 105/mL (mean±SD) 225.8±75.5 207.9±75.4 0.19

ASA only, n (%) 7 (9.7) 7 (11.7) 0.72

P2Y12 inhibitors only, n (%) 3 (4.2) 3 (5.0) 1.0

Dual antiplatelet therapy, n (%) 3 (4.2) 2 (3.3) 1.0

AF, atrial fibrillation; ASA, acetylsalicylic acid; CABG, coronary 
artery bypass grafting; DOACs, direct oral anticoagulants; eGFR, 
estimated glomerular filtration rate; HR, heart rate; IDOAC, 
interrupted direct oral anticoagulant; MI, myocardial infarction; 
NSTE-ACS, non-ST elevation acute coronary syndromes; PCI, 
percutaneous coronary intervention; SBP, systolic blood pressure; 
STEMI, ST-elevation myocardial infarction; TIA, transient ischaemic 
attack; UDOAC, uninterrupted direct oral anticoagulant.

Table 2  Angiographic, procedural variables and 
antithrombotic therapies administered in the cath lab in the 
two groups

UDOAC n=72 IDOAC n=60 P value

Radial approach, n (%) 66 (91.7) 55 (91.7) 1.0

Multivessel disease, n (%) 29 (40.3) 34 (56.7) 0.06

Site of PCI, n (%)

 � Left main 6 (8.3) 4 (6.7) 0.76

 � Left anterior descending 39 (54.2) 40 (66.7) 0.14

 � Circumflex 18 (25.0) 15 (25.0) 1.0

 � Ramus intermedius 7 (9.7) 2 (3.3) 0.18

 � Right coronary artery 26 (36.1) 17 (28.3) 0.34

 � Arterial/venous graft 2 (2.8) 2 (3.3) 1.0

DES, n (%) 72 (100) 57 (95) 0.09

Stents implanted/patient, 
median (IQR)

1 (1–2) 2 (1–2) 0.39

GP IIb/IIIa inhibitors, n (%) 4 (5.6) 0 0.13

Unfractionated heparin, n (%) 42 (58.3) 45 (75.0) 0.04

BMS, bare metal stent; DES, drug-eluting stent; GP IIb/IIIa, 
glycoprotein IIb/IIIa receptor inhibitors; IDOAC, interrupted direct oral 
anticoagulant; PCI, percutaneous coronary intervention; UDOAC, 
uninterrupted direct oral anticoagulant.
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access and DES in nearly the totality of patients enrolled 
and the scarce rate of glycoprotein IIb/IIIa during the 
PCI. These measures are recommended by consensus 
documents and international guidelines2–6 in order to 
reduce the risk of bleeding and minimise the duration 
of DAPT19 20 and may partially explain the comparable 
risk for bleeding events between UDOAC and IDOAC 
observed in our analysis. Notably, patients who received 
PCI during UDOAC were more frequently diagnosed 
with STEMI resulting in shorter times to PCI and a 
lower incidence of multivessel coronary artery disease 
than patients in the IDOAC group. Our findings further 
corroborate the safety data in terms of bleeding of the 
UDOAC strategy.

Consensus documents also state that parenteral bridging 
after DOACs interruption in patients without high throm-
bosis risk is not indicated due to their short half-lives.4–6 
This statement has been recently confirmed by the large 
Perioperative Anticoagulation Use for Surgery Evalua-
tion (PAUSE) trial that recently included about 3000 AF 
patients on long-term DOACs scheduled for an elective 
surgery or procedure.21 The PAUSE demonstrated that 

a perioperative management strategy without heparin 
bridging was associated with low rates of major bleeding 
and arterial thromboembolism.21 Nevertheless, bridging 
therapies has been largely used even in our series, since 
one-third of patients in the IDOAC group received an 
LMWH before PCI. This aspect, together with the need 
to improve the periprocedural antithrombotic manage-
ment and outcome, especially in patients on long-term 
anticoagulation therapy, should deserve specific educa-
tion campaigns.

Study limitations
Our study must be evaluated in the light of the known 
limitations of observational, cross-sectional studies. In 
addition, even though the participating centres were 
asked to include in the registry all consecutive ACS 
patients with AF requiring coronary stents, we were not 
able to verify the enrolment process due to the absence of 
administrative auditing. However, based on the number 
of AF patients enrolled in previous nationwide registries 
on ACS,22 we believe that the rate of patients enrolled is 
reliable, and it is unlikely that a selective enrolment in a 

Figure 2  Rates of MACE and NACE at 6 months from hospital entry in UDOAC and IDOAC groups. IDOAC, interrupted direct 
oral anticoagulant; MACE, major adverse cardiovascular event; NACE, net adverse clinical event; UDOAC, uninterrupted direct 
oral anticoagulant.

Figure 3  Kaplan-Meier curves of MACE (panel a) and NACE (panel B) at 6 months from hospital entry for patients in UDOAC 
and IDOAC groups. IDOAC, interrupted direct oral anticoagulant; MACE, major adverse cardiovascular event; NACE, net 
adverse clinical event; UDOAC, uninterrupted direct oral anticoagulant.
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few sites may have substantially changed the study results. 
Furthermore, besides the differences in the perioperative 
use of DOACs, other variables not considered or included 
in the multivariable analysis on NACE at 6 months may 
have influenced our results. Finally, our sample size may 
not be sufficient to cover small but clinically significant 
differences in bleeding and thrombotic complications 
between UDOAC and IDOAC strategies, and the sample 
size is limited for subgroup analyses. In spite of these limi-
tations, we feel that our data may be used to guide the 
treatment of patients with ACS and concomitant AF on 
long-term DOAC undergoing PCI.

CONCLUSIONS
Our study shows that a PCI procedure in ACS is safe 
during UDOAC, with no excess bleeding complications, 
as compared with IDOAC. Large, prospective studies are 
warranted to compare different periprocedural manage-
ment strategies in ACS patients on long-term DOAC 
therapy undergoing coronary stenting.
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