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Background: Atrial fibrillation (AF) is the most common type of cardiac arrhythmia. Total-
ly thoracoscopic ablation (TTA) is a surgical treatment showing a high success rate as a hy-
brid procedure with radiofrequency catheter ablation to control AF. This study compared 
the early complications of warfarin and non-vitamin K antagonist oral anticoagulants (NO-
ACs) in patients who underwent TTA.
Methods: This single-center retrospective cohort study enrolled patients who under-
went planned TTA for AF from February 2012 to October 2020. All patients received post-
operative anticoagulation, either with warfarin or a NOAC (apixaban, rivaroxaban, dab-
igatran, or edoxaban). Propensity score matching was performed for both groups. Early 
complications were assessed at 12 weeks after TTA and were divided into efficacy and 
safety outcomes. Both efficacy and safety outcomes were compared in the propensity 
score-matched groups.
Results: Early complications involving efficacy outcomes, such as stroke and transient 
ischemic attack, were seen in 5 patients in the warfarin group and none in the NOAC 
group. Although the 2 groups differed in the incidence of efficacy outcomes, it was not 
statistically significant. In safety outcomes, 11 patients in the warfarin group and 24 pa-
tients in the NOAC group had complications, but likewise, the between-group difference 
was not statistically significant.
Conclusion: Among patients who underwent TTA, those who received NOACs had a 
lower incidence of thromboembolic complications than those who received warfarin; 
however, both groups showed a similar bleeding complication rate. Using a NOAC after 
TTA does not reduce efficacy and safety when compared to warfarin.
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Introduction

Atrial fibrillation (AF) is one of the most common ar-
rhythmias, with a prevalence of 1%, and its incidence in-
creases with age [1]. The morbidity and mortality associat-
ed with AF might increase if the condition is left untreated. 
Rate and rhythm control using drug therapy is recom-
mended as the first-line treatment, and invasive treatment 
can be considered for refractory AF that does not respond 
to pharmacological treatment [2].

Catheter ablation is an invasive procedure, and the Cox 
maze procedure is a surgical treatment for AF. In cases of 
radiofrequency catheter ablation, multiple studies have re-
ported an approximately 80% success rate, but the long-
term outcome of a single procedure has a success rate of 
around 50%, with a high recurrence rate [3]. Although Cox 
maze surgery is highly successful [4], it is an open-heart 
procedure involving sternotomy, and the risk of complica-
tions is increased because of the need for cardiopulmonary 
bypass during surgery. As an alternative, totally thoraco-
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scopic ablation (TTA) is a minimally invasive surgical pro-
cedure that is performed as a rhythm control strategy for 
AF.

There is no consensus on the anticoagulation regimen to 
be used after TTA; therefore, it is recommended to use the 
standard post-ablation anticoagulation regimen. Anticoag-
ulation for at least 8 weeks is recommended owing to the 
risk of thromboembolic events even after successful AF ab-
lation. After 8 weeks, oral anticoagulation is recommended 
to patients with AF according to the CHA2DS2-VASc score 
[5]. Regarding the types of oral anticoagulants used in AF, 
the safety of warfarin use has been confirmed, while 
non-vitamin K oral anticoagulants (NOACs) are increas-
ingly being used due to their safety and convenience. How-
ever, studies confirming the safety and efficacy according 
to the type of anticoagulant after TTA are lacking. In this 
study, we aimed to confirm the efficacy and safety of NO-
ACs compared to warfarin in patients after TTA.

Methods

Patients

In this single-center retrospective cohort study, 535 pa-
tients who underwent TTA for AF from February 2012 to 
October 2020 were initially selected. We excluded 5 pa-
tients who did not receive oral anticoagulation after TTA, 
and 8 patients who had missing values for preoperative 
echocardiography. We enrolled 522 patients in the study 
(Fig. 1), and the incidence rate of early complications after 
surgery was assessed according to the type of anticoagulant.

This study was approved by the Institutional Review 
Board of Samsung Medical Center (IRB approval no., 
2022-02-028-001). The requirement for informed consent 
from individual patients was omitted because of the retro-
spective design of this study.

Anticoagulation

All patients took oral anticoagulants for at least 12 weeks. 
From 2012 to 2014, patients received anticoagulation during 
the post-ablation follow-up period according to a guideline 
that recommended anticoagulation after catheter ablation 
for 3 months before 2014 and longer than 2 months after 
2014 [2,6]. Patients were divided into 2 groups: those tak-
ing warfarin and those taking NOACs after surgery. All 
patients underwent preoperative heparinization according 
to standard protocols the day before surgery. After TTA, if 
there was no risk of bleeding, patients received bridging 
anticoagulation with heparin before starting oral anticoag-
ulation. Heparin was administered as a continuous intra-
venous infusion, and the target range of activated partial 
thromboplastin time (aPTT) was between 55 and 75 sec-
onds. The aPTT level was checked every 6 hours, and if the 
target aPTT was not reached, the intravenous dose was 
continuously increased and adjusted. For oral anticoagula-
tion, either warfarin or 1 of 4 NOACs approved by the US 
Food and Drug Administration (apixaban, rivaroxaban, 
edoxaban, and dabigatran) was used. In the warfarin group, 
the target range of the international normalized ratio (INR) 
was set between 2.0 to 2.5, and heparin was administered 
continuously until the INR reached above 1.5. In the NOAC 

13 Excluded
- 5 Who did not receive oral anticoagulant after TTA
- 8 Who had missing values on preoperative echocardiography

535 Patients who underwent TTA for AF from
February 2012 to October 2020

522 Patients eligible for this study

141 Warfarin 381 NOACs

Propensity score matching

135 Warfarin 338 NOACs
- 82 Apixaban
- 24 Rivaroxaban
- 16 Dabigatran
- 216 Edoxaban

Fig. 1. Study flow of patients treat-
ed with anticoagulants. TTA, totally 
thoracoscopic ablation; AF, atrial 
fibrillation; NOAC, non-vitamin K 
antagonist oral anticoagulant.
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group, heparinization was stopped immediately after ad-
ministering a NOAC.

Operative techniques

At Samsung Medical Center, TTA was defined as a sur-
gical ablation technique without cardiopulmonary bypass 
through video-assisted thoracoscopic surgery. For surgery, 
3 minimal incisions were made on each side of the chest 
wall, followed by a port insertion. Starting from the right, 
a 5-mm port was placed in the chest through the incision 
at the fourth intercostal space and midaxillary line, and 
then CO2 was injected to secure the operating field. A 
5-mm port was secured in the anterior axillary third inter-
costal space and midaxillary sixth intercostal space, and 
the existing 5-mm port was extended to a 12-mm port. Af-
ter opening the pericardium, right-side ablation was per-
formed on the superior vena cava and on the box region. 
Pulmonary vein isolation was performed using an Atri-
Cure isolator transpolar clamp (AtriCure Inc., Cincinnati, 
OH, USA). Clamping was performed 6 times using bipolar 
radiofrequency energy. The port was inserted in the same 
way on the left side, and pulmonary vein isolation was per-
formed in the same way as on the right. After the division 
of the ligament of Marshall, box lesion ablation was com-
pleted. Once the ablation was completed, the left atrial au-
ricle was resected using an endoscopic stapling device or 
clipped using an atrial auricle clip.

Postoperative complications

The incidence rate of early complications after surgery 

was assessed based on the type of anticoagulation. Early 
complications were defined as complications occurring 
within 12 weeks after the surgery and were divided into ef-
ficacy and safety outcomes. Efficacy outcomes, understood 
as thromboembolic events, included stroke, transient isch-
emic attack (TIA), and any other cardiac thromboembolic 
event. Safety outcomes included major bleeding, minor 
bleeding, and pericarditis requiring intervention and re-
hospitalization. Major bleeding was defined as bleeding 
that needed any form of invasive procedure or surgery that 
led to transfusion of 2 or more units of red blood cells [7]. 
Any bleeding other than major bleeding as defined above 
was considered minor.

Statistical analysis

Continuous variables were expressed as mean±standard 
deviation, and the Student t-test was used to compare the 
mean values. Categorical variables were compared in pro-
portions using the chi-square test and the Fisher exact test. 
We performed propensity score matching analysis. In the 
NOAC group and the warfarin group, N-to-1 individual 
matching was performed within a caliper by a propensity 
score with a variable matching ratio (caliper=0.2, matching 
ratio=3:1). The weighted chi-square test was performed as 
it was judged that it would not be necessary to perform 
censored data analysis on the rate of event occurrence for 
12 weeks. The weights used in the weighted chi-square 
were calculated by variable matching ratios. Since weights 
were used for the outcomes in Table 1, an estimated value 
was used for the frequency of events. The p-value could not 
be calculated for events with a frequency of 0. Kaplan-Mei-

Table 1. Comparison of early complications between the warfarin and NOAC groups after propensity score matching

Variable

Matched data Weighted matched data

Warfarin 
(N=135)

NOACs 
(N=338)

p-value
Warfarin 
(N=135)

NOACs 
(N=338)

p-value

Efficacy outcomes
   All events 5 (3.7) 0 NA 5 (3.7) 0 NA
   Stroke 4 (3.0) 0 NA 4 (3.0) 0 NA
   Transient ischemia attack 1 (0.7) 0 NA 1 (0.7) 0 NA
   Other cardiac thromboembolic event 0 0 NA 0 0 NA
Safety outcomes
   All events 11 (8.1) 24 (7.1) 0.843 11 (8.1) 24.6 (7.3) 0.760
   Major bleeding 1 (0.7) 3 (0.9) 1.000 1 (0.7) 2.9 (0.9) 0.895
   Minor bleeding 7 (5.2) 11 (3.3) 0.468 7 (5.2) 10.8 (3.2) 0.302
   pericarditis 3 (2.2) 10 (3.0) 0.896 3 (2.2) 10.8 (3.2) 0.589
   Death 0 1 (0.3) 1.000 0 0.8 (0.2) 0.527

Values are presented as number (%).
NOAC, non-vitamin K antagonist oral anticoagulant; NA, not available.
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er survival analysis was used to plot curves for freedom 
from the safety and efficacy outcomes, and the 2 study 
groups were compared using the log-rank test. Early com-
plications of NOACs were calculated from unmatched data, 
and the early complications of the 4 NOAC groups (apix-
aban, rivaroxaban, dabigatran, or edoxaban) were com-
pared using the chi-square test. A p-value of less than 0.05 
was considered statistically meaningful. Statistical analyses 
were performed with R Statistical Software ver. 4.2.0 (The 
R Foundation for Statistical Computing, Vienna, Austria).

Results

Baseline characteristics

Of the 522 patients, 141 (27%) received warfarin and 381 
patients (73%) received a NOAC. Fig. 2 shows the frequen-
cy of anticoagulants used after TTA by operation date and 
the number of early complication events. The number of 
patients using NOACs exceeded that of patients using war-
farin from 2015 onwards, and edoxaban was the most fre-
quently used NOAC. After propensity score matching, the 
warfarin group contained 135 patients (28.5%), and the 
NOAC group comprised 338 patients (72.5%). The propor-
tion of NOACs was as follows: apixaban, 17.3%; rivarox-
aban, 5.1%; dabigatran, 3.4%; and edoxaban, 45.7% (Table 
2). Table 3 shows the baseline demographic and clinical 
characteristics of patients. Before propensity score match-
ing, age showed a statistically significant difference. How-
ever, there were no statistically significant differences be-
tween the 2 groups after propensity matching.

Early complications

Regarding the efficacy outcomes, 5 patients (3.7%) expe-
rienced early complications in the warfarin group, of 
whom 4 patients had stroke events and 1 patient had TIA. 
There were no patients with early complications in the 
NOAC group, and no other thromboembolic events were 
identified in either group (Table 1).

Early complications associated with safety outcomes 
were confirmed in 11 patients (7.6%) in the warfarin group 
and 24 patients (weighted frequency=24.6, weighted pro-
portion=7.3%) in the NOAC group (p=0.760). Four patients 
required surgical treatment or intervention for major 
bleeding—1 patient (0.7%) in the warfarin group and 3 pa-
tients (weighted frequency=2.9, weighted proportion=0.9%) 
in the NOAC group—with no significant difference be-
tween the groups. Minor bleeding was observed in 7 pa-
tients (5.2%) in the warfarin group and in 11 patients 
(weighted frequency=10.8, weighted proportion=3.2%) in 
the NOAC group, but no statistically significant difference 
was found. Pericarditis that required intervention and re-
hospitalization after TTA was confirmed in 3 patients 
(2.2%) in the warfarin group and 10 patients (weighted fre-
quency=10.8, weighted proportion=3.2%) in the NOAC group, 
and there was no significant difference between the 2 groups. 
There was 1 death (weighted frequency=0.8, weighted pro-
portion=0.2%) in the NOAC group.

The curves for freedom from the safety and efficacy out-
comes in the 2 groups are shown in Fig. 3. For the effec-
tiveness outcomes, a statistically significant difference was 
found (p<0.0001), while for the safety outcomes, no signifi-
cant difference between the 2 groups was identified.

We compared the difference in outcomes according to 
the type of NOAC (Table 4). Safety events occurred in 3.2% 
of the patients who received apixaban, 16.7% of those who 
received rivaroxaban, 23.5% of those who received dabiga-
tran, and 5.3% of those who received edoxaban. Safety out-
comes showed a statistically significant difference accord-
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Table 2. Classification of anticoagulants (N=522)

Anticoagulant Before matching After matching

Warfarin 141 (27.0) 135 (28.5)
NOACs 381 (73.0) 338 (72.5) 
   Apixaban 94 (17.7) 82 (17.3)
   Rivaroxaban 24 (4.5) 24 (5.1)
   Dabigatran 17 (3.2) 16 (3.4)
   Edoxaban 250 (47.2) 216 (45.7)

Values are presented as number (%).
NOAC, non-vitamin K antagonist oral anticoagulant.
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Table 3. Baseline patient characteristics

Characteristic

Before matching After matching

Warfarin 
(N=141)

NOACs 
(N=381)

p-value SMD
Warfarin 
(N=135)

NOACs 
(N=338)

SMD

Age (yr) 55.62±9.16 57.72±8.94 0.018 0.232 55.78±8.88 56.09±8.56 0.035
Sex (male) 15 (10.6) 51 (13.4) 0.490 0.085 14.0 (10.4) 38.0 (11.2) 0.028
Body mass index (kg/m2) 25.41±2.95 25.78±3.26 0.240 0.119 25.46±2.86 25.59±3.29 0.04
CHA2DS2-VASc score 1.18±1.20 1.35±1.33 0.179 0.136 1.16±1.18 1.13±1.22 0.022
Smoking 0.687 0.085 0.06
      Never smoker 72 (51.1) 188 (49.3) 66.0 (48.9) 162.7 (48.1)
      Ex-smoker 55 (39.0) 162 (42.5) 55.0 (40.7) 145.2 (43.0)
      Current smoker 14 (9.9) 31 (8.1) 14.0 (10.4) 30.0 (8.9)
AF type 0.746 0.075 0.046
      Paroxysmal 24 (17.0) 67 (17.6) 23.0 (17.0) 54.7 (16.2)
      Persistent 34 (24.1) 80 (21.0) 31.0 (23.0) 73.0 (21.6)
      Long-standing 83 (58.9) 234 (61.4) 81.0 (60.0) 210.3 (62.2)
AF duration (mo) 50.40±55.33 52.62±51.55 0.669 0.041 51.02±56.23 50.32±49.69 0.013
Hypertension 47 (33.3) 150 (39.4) 0.245 0.126 44.0 (32.6) 115.2 (34.1) 0.031
Diabetes mellitus 18 (12.8) 43 (11.3) 0.754 0.046 17.0 (12.6) 43.4 (12.8) 0.007
Congestive heart failure 14 (9.9) 35 (9.2) 0.929 0.025 14.0 (10.4) 33.0 (9.8) 0.021
Hypertrophic cardiomyopathy 4 (2.8) 13 (3.4) 0.959 0.033 4.0 (3.0) 9.6 (2.8) 0.007
Chronic kidney diseasea) 2 (1.4) 4 (1.0) 1.000 0.033 0 0 <0.001
Hemodialysis 2 (1.4) 0 0.126 0.170 0 0 <0.001
Peripheral artery occlusive disease 4 (2.8) 3 (0.8) 0.168 0.154 1.0 (0.7) 2.1 (0.6) 0.015
Stroke history 21 (14.9) 72 (18.9) 0.351 0.107 21.0 (15.6) 45.9 (13.6) 0.056
Percutaneous coronary 

intervention history
5 (3.5) 11 (2.9) 0.919 0.037 4.0 (3.0) 10.4 (3.1) 0.007

Radiofrequency catheter ablation 
history

0.18 (0.38) 0.16 (0.37) 0.639 0.046 0.18 (0.38) 0.16 (0.37) 0.046

Preoperative echocardiography
      Left ventricle ejection fraction 59.70±7.63 59.39±7.62 0.684 0.040 59.54±7.60 59.64±7.17 0.014
      Left atrial diameter 45.84±6.93 46.66±7.32 0.25 0.115 45.84±7.00 46.25±7.00 0.058
      Left atrial volume index 49.16±17.16 50.49±18.33 0.457 0.074 49.05±17.15 49.88±17.65 0.048

Values are presented as mean±standard deviation or number (%)
NOAC, non–vitamin K antagonist oral anticoagulant; SMD, standardized mean difference; AF, atrial fibrillation.
a)Estimated glomerular filtration rate <60 mL/min/1.73 m2.
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ing to the type of NOAC (p=0.002). The rate of pericarditis 
was also found to be different among groups: apixaban, 
2.2%; rivaroxaban, 12.5%; dabigatran, 5.9%; and edoxaban, 
1.6% (p=0.012).

The 5 cases with efficacy outcomes are reviewed in Table 
5. The patients maintained a normal sinus rhythm after 
surgery and were bridged with heparin until warfarin was 
initiated. Thromboembolic events occurred within 5 days 
in 4 patients, and TIA occurred 42 days after TTA in 1 pa-
tient. In the immediate postoperative period, events oc-
curred in 4 patients even though heparin bridging was im-
plemented at the time of the events.

Discussion

With the advent of NOACs, numerous studies have been 
conducted to compare their safety and efficacy to warfarin, 
which has been used as the main anticoagulant in AF [8-
11]. However, the advantages of NOACs remain a matter of 
debate, and studies have shown similar results regardless 
of what type of anticoagulants were used after ablation. 
TTA is a surgical ablation therapy with no established 
guidelines for perioperative anticoagulation. The TTA sur-
gical procedure differs from the maze procedure, which is 

representative of surgical ablation, in that open-heart sur-
gery is not required. Therefore, it was thought that apply-
ing the maze procedure’s guideline to TTA would be ap-
propriate owing to the lack of consensus [12].

Studies comparing warfarin and NOACs directly in as-
sociation with TTA are limited. A randomized clinical trial 
was conducted on warfarin and edoxaban, and no differ-
ence was shown in complications between the 2 drugs [13]. 
In our study, we found a significant difference in freedom 
from the efficacy outcomes in early complications between 
patients using warfarin and NOACs after TTA, but we could 
not confirm whether this result was statistically meaning-
ful because the NOAC group had no thromboembolic 
events. In the past, comparative studies on anticoagulation 
after catheter ablation have suggested the possibility of re-
placing NOACs with warfarin [14-16]. According to a me-
ta-analysis conducted by Cardoso et al. [14], the risk of ma-
jor bleeding and stroke associated with NOACs was lower 
than that of warfarin. This corroborates our results, as we 
observed more events in the warfarin group regarding the 
efficacy outcomes. Since the correlation between thrombo-
embolic events and the anticoagulant type could not be 
confirmed, there is insufficient evidence to assert the suit-
ability of NOACs compared with warfarin after TTA.

Table 4. Comparison of early complications by type of NOAC before propensity score matching

Variable
NOACs  
(N=385)

Apixaban  
(N=94)

Rivaroxaban 
(N=24)

Dabigatran 
(N=17)

Edoxaban 
(N=250)

p-value

Efficacy outcomes
   All events 0 0 0 0 0 NA
Safety outcomes
   All events 24 (6.2) 3 (3.2) 4 (16.7) 4 (23.5) 13 (5.3) 0.002
   Major bleeding 3 (0.8) 0 0 1 (5.9) 2 (0.8) 0.087
   Minor bleeding 11 (2.9) 1 (1.1) 1 (4.2) 2 (11.8) 7 (2.8) 0.111
   Pericarditis 10 (2.6) 2 (2.2) 3 (12.5) 1 (5.9) 4 (1.6) 0.012
   Death 1 (0.3) 0 0 0 1 (0.4) 0.909

Values are presented as number (%).
NOAC, non-vitamin K antagonist oral anticoagulant; NA, not available.

Table 5. Characteristics of the 5 patients with early complications regarding efficacy

Patient Event
Event  
day

Age  
(yr)

Sex
Body mass 

index  
(kg/m2)

CHA2DS2-
VASc  
score

Atrial 
fibrillation 

type

Stroke 
history

aPTT 
(sec)

Prothrom-
bin time 

(sec)
Rhythm

Patient 1 Stroke POD 42 44 M 22.2 2 Long-standing Yes NA 1.81 NS
Patient 2 Stroke POD 4 62 F 25.7 2 Long-standing No 35.2 1.02 NS
Patient 3 Stroke POD 4 38 M 25.5 0 Long-standing No 46.0 1.93 NS
Patient 4 Stroke POD 4 65 M 24.1 3 Persistent Yes 37.0 1.14 NS
Patient 5 TIA POD 1 57 M 29.9 0 Persistent No 29.3 1.05 NS

aPTT, activated partial thromboplastin time; POD, postoperative day; M, male; F, female; NA, not available; NS, normal sinus rhythm; TIA, transient 
ischemic attack.
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To evaluate the difference in the complication rate seen 

in our study, 5 cases with stroke and TIA were reviewed 
(Table 5). Among the patients who experienced these 
events, 2 had a CHA2DS2-VASc score of 0, the other 2 had 
a score of 2, and the last 1 had a score of 3. Patients with a 
low probability of thromboembolic events were included. 
In a study by Noseworthy et al. [15], discontinuation of an 
oral anticoagulant in post-ablation patients, irrespective of 
their CHA2DS2-VASc score, increased the likelihood of 
cardiac embolism for at least 3 months. This suggests that 
thromboembolic events can occur in any patient post-abla-
tion regardless of the CHA2DS2-VASc score, supporting the 
importance of anticoagulation.

For catheter ablation, periprocedural uninterrupted anti-
coagulation has been established as the standard therapy 
regardless of warfarin or NOAC [17]. However, if normal 
sinus rhythm is maintained after successful catheter abla-
tion, the question of whether anticoagulation should be 
performed immediately is still being debated. According to 
a systematic review conducted by Proietti et al. [18], there 
is no significant difference in the frequency of cerebrovas-
cular events regardless of the patient’s CHA2DS2-VASc 
score if sinus rhythm is achieved after catheter ablation. 
However, the risk of bleeding was higher in the anticoagu-
lation group. There is currently no consensus on whether 
to use anticoagulants in patients who maintain normal si-
nus rhythm after successful TTA. Among our patients who 
experienced stroke, all 4 patients who had an event in the 
immediate postoperative period maintained normal sinus 
rhythm after the postoperative period. However, the aPTT 
and prothrombin time did not reach the target levels in 
any of these patients. It can be speculated that in patients 
with sinus rhythm after TTA, clinical results similar to 
those achieved in patients after catheter ablation can be 
expected. However, additional research is needed to con-
firm the evidence that the same postoperative anticoagula-
tion guidelines could be used in TTA as in catheter abla-
tion, and additional research is also warranted to confirm 
the need for immediate anticoagulation and its safety.

The proportions of anticoagulants used between June 
2016 and June 2017 at 10 tertiary hospitals in South Korea 
in patients with AF with nonvalvular heart disease were as 
follows: warfarin, 20.1%; apixaban, 31%; rivaroxaban, 18%; 
dabigatran, 20.9%; and edoxaban, 10% [19]. In comparison 
with our study, there appears to be a remarkable difference 
in the proportion of edoxaban. Edoxaban, which has been 
released on the market relatively recently, has been con-
firmed to have a lower risk of thromboembolic events than 
warfarin [20]. However, no results have been published 

comparing effectiveness among NOACs. Most available 
studies have compared the results between warfarin and a 
NOAC, but none have compared the differences according 
to the type of NOAC. Several studies have compared dab-
igatran, rivaroxaban, and warfarin [21,22], but showed no 
significant differences in bleeding risk or ischemic risk. In 
a study comparing apixaban, rivaroxaban, and dabigatran, 
there was no difference in complications according to the 
type of NOAC [23]. The comparison of the outcomes of 
NOAC in our study showed some differences regarding 
safety outcomes. For pericarditis, a multiple comparison 
was performed to compare outcomes among each NOAC, 
and there appeared to be a difference in incidence rate be-
tween rivaroxaban and edoxaban. However, the number of 
patients using rivaroxaban in our study was much different 
from that of patients using edoxaban, and the incidence of 
pericarditis was too low. Therefore, further research is 
needed to confirm whether there is a difference in pericar-
ditis incidence according to the type of NOAC. More 
broadly, to clarify differences in the effects of different 
types of NOAC after TTA, more studies should be con-
ducted with large cohorts.

There are some limitations of our study. First, this was a 
retrospective, single-center study. However, since this was 
a moderate-sized study, we aimed to provide relatively ac-
curate results for the comparison between the warfarin 
and NOAC groups. Second, as a study conducted at a sin-
gle, high-volume center, enrolled patients received the pro-
cedure by surgeons with increasing levels of experience 
over time; hence, it is thought that the complication occur-
rence might have been affected by the procedure itself. In 
other words, the effect of the operator factor can be re-
duced only if a larger study or a multicenter study is con-
ducted. Lastly, although the study size was not small, this 
study did not derive clinically applicable results confirmed 
by statistical significance owing to the low frequency of 
complications after surgery. We believe it is necessary to 
confirm the complication rates in studies with larger co-
horts.

In conclusion, in this study focusing on patient outcomes 
depending on the type of anticoagulation after TTA, no 
thromboembolic events or differences in the survival rate 
were observed in the NOAC group. In addition, there was 
no difference in outcomes related to bleeding risk between 
the warfarin and NOAC groups. Although no statistically 
significant difference could be identified regarding throm-
boembolic events, our results support the claim that NOAC 
use after TTA does not reduce efficacy and safety when 
compared to warfarin.
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