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Background: Prior studies have suggested that patients with atrial fibrillation (AF) referred for left atrial 
appendage occlusion (LAAO) are confronted with considerable risk of periprocedural thromboembolism 
and hemmorhagic events. The purpose of this study was to evaluate the safety and feasibility of bivalirudin 
during LAAO.
Methods: This retrospective, observational study included 420 AF patients who were evaluated as being 
at high risk of stroke or bleeding and indicated for LAAO at our center between June 2018 and June 2019 
(158 with bivalirudin and 262 with heparin). The primary outcome was the incidence of any bleeding within  
48 hours of LAAO. Secondary outcomes were major adverse cardiac events (MACE) between 48 hours and 
60 days post-procedure and overall bleeding events during follow up.
Results: No significant difference was observed between bivalirudin and heparin for major periprocedural 
bleeding (1.27% for bivalirudin vs. 2.29% for heparin, P=0.716) or minor bleeding (1.27% vs. 1.15%, P>0.9). 
At 48 hours post-procedure, strokes occurred at a rate of 0.63% in the bivalirudin group and 1.15% in the 
heparin group (P>0.9), and one case treated with bivalirudin developed systemic embolization. At 60 days, 
the rates of MACE (1.90% vs. 2.29%, P>0.9), a device-related thrombus (DRT) (1.27% vs. 1.52%, P>0.9), 
and overall bleeding events (5.06% vs. 4.96%, P=0.963) were comparable between the 2 cohorts. Upon 
Kaplan-Meier survival analysis, early safety during the 60-day follow-up was 93.67% in the bivalirudin group 
and 91.60% in the heparin group (P=0.570).
Conclusions: Bivalirudin has a comparable safety and efficacy profile to heparin as an intraprocedural 
anticoagulant, but currently, it should still be reserved for patients in which heparin is contraindicated.
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Introduction

In recent years, percutaneous left atrial appendage 

occlusion (LAAO) has emerged as a reliable strategy for 

stroke prevention in atrial fibrillation (AF) patients at 
high risk of embolization and hemorrhage (1). However, 
with the cumulative experience gained from the rapid 
expansion of LAAO treatment, researchers have confirmed 
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that LAAO is not inferior to anticoagulant therapy in 
terms of overall bleeding rates due to procedure-related 
bleeding incidence in the device group (2,3). Moreover, 
thrombotic microemboli to the brain or elsewhere at the 
time of implantation has also been documented as a specific 
periprocedural risk (4).

In randomized trials and daily practice, heparin has been 
acknowledged as the current standard empiric anticoagulant 
during LAAO and can be well reversed by protamine (1). 
On the other hand, marked interindividual variability can 
be observed regarding heparin's biological efficacy, and 
monitoring is required throughout the procedure to prevent 
bleeding events. Also, heparin-induced thrombocytopenia 
o r  a l l e r g y  i s  u n c o m m o n  b u t  c a n  b e  c l i n i c a l l y  
disastrous (5). Patients with strong indications for LAAO 
are highly likely to be evaluated at high risk of stroke and 
bleeding at the baseline, and it has been reported that in 
Asian countries, hepatitis carrier status and liver cirrhosis 
are commonly encountered in AF patients (6,7). Hence, 
these complications are not only a thorny pre-procedural 
problem—one that could leave the patient inoperable—
but also significantly further increase their incidence of 
hemorrhagic and thrombotic events after implantation (1). 
Furthermore, heparin use is also associated with an 
increase in platelet reactivity. Hence, based on precautious 
manipulation, whether or not there is another option for 
periprocedural anticoagulation therapy in addition to 
heparin during LAAO has gradually emerged as a concern.

Bivalirudin is an irreversible and direct thrombin 
inhibitor with a half-life of approximately 25 minutes. The 
pharmacokinetics, pharmacodynamics, and anticoagulant 
effects of bivalirudin are more predictable as they do not 
bind to plasma proteins. It exerts a pharmacological effect 
upon the combination with antithrombin III, and it is not 
neutralized by platelet factor 4 antibodies (8). Notably, 
bivalirudin also eliminates the risk of heparin-induced 
thrombocytopenia (1,2) due to it not binding with platelet 
factor 4. In percutaneous coronary artery interventions 
(PCI) and transcatheter aortic valve replacements (TAVR), 
multiple studies have provided evidence on the comparable 
efficacy of heparin and bivalirudin as intraprocedural 
anticoagulants (9,10). A trend towards the lower incidence 
of access or non-access hemorrhagic complications has 
also been indicated in several literature pieces, but this is 
not universally acknowledged (11,12). This has led to an 
interest in investigating whether the use of bivalirudin 
can also provide another option of intraprocedural 
pharmacology in LAAO.

Therefore, the purpose of this study was to evaluate the 
safety and efficacy of periprocedural bivalirudin therapy 
during LAAO vs. weight-adjusted heparin among high-risk 
AF patients undergoing LAAO in a real-world setting.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-4755).

Methods

Study design and participants

This retrospective, observational study was conducted in 
Zhongshan Hospital, Fudan University. From June 2018 to 
June 2019, a sample of consecutive patients (n=420) referred 
for percutaneous LAAO with AF at high risk of stroke or 
bleeding (CHA2DS2 VASC ≥2 or HAS-BLED ≥3) at our 
institution were retrospectively enrolled in this research. A 
total of 158 participants were administered with bivalirudin, 
and heparin was used in 262 patients based on individual 
patient choice and the surgeon’s discretion. Patients were 
excluded if LAAO was applied as an adjunctive part of other 
cardiac interventions. Exclusion criteria also included those 
patients that had been treated with intravenous heparin 
before LAA closure.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). Our study was 
approved by the Institutional Review Board of Zhongshan 
Hospital, Fudan University, Shanghai, China (B2020-042) 
and individual consent for this retrospective analysis was 
waived.

Procedure

Participants with a therapeutic international normalized 
ratio (INR) were continued with warfarin or new oral 
anticoagulants (NOACs) from admission to the hospital, 
and this anticoagulant therapy was withdrawn on the day 
of surgery to reach INR <2.0, following our institutional 
norms.

The LAAO procedure was performed in line with the 
description provided in previous literature (1). After a 
successful transseptal puncture, patients in the bivalirudin 
group received an initial bolus injection of 0.75 mg/kg 
followed by an intravenous infusion of 1.75 mg/kg/h 
during LAAO. For patients with renal insufficiency (an 
estimated glomerular filtration rate of 30–59 mL/min), 
the infusion rate was decreased to 1.4 mg/kg/h. A 
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supplemental bivalirudin infusion of 0.25 mg/kg/h was 
maintained in this group until 4 hours after the procedure. 
Heparin participants were recommended a dosage of 70 to  
100 IU/kg, and an additional bolus was administered to 
achieve a target activated clotting time (ACT) of over 
250 seconds. The surgeon used their clinical discretion to 
determine whether reversal with protamine needed to be 
administered at the end of the operation.

All participants were monitored with transthoracic 
echocardiograms (TTE) for at least 2 days before discharge. 
A planned 60-day course of oral anticoagulants (OACs) was 
recommended, and routine clinic visits with transesophageal 
echocardiography (TEE) examinations at a 60-day follow 
up was required of every participant to determine whether 
anticoagulation should be prolonged [if device-related 
thrombus (DRT) was detected].

Definitions and outcomes

The primary outcome of interest was the incidence of any 
bleeding events within 48 hours following procedure based 
on the Bleeding Academic Research Consortium (BARC) 
bleeding criteria, whose definition has been described 
in detail in previous literature (13). Secondary outcomes 
of our study included the following: (I) the rate of major 
adverse cardiovascular events (MACE) (death, ischemic 
stroke, and systemic embolization) within 48 hours of 
LAAO, (II) the rate of bleeding events, MACE and DRT 
at the 60-day follow up, and (III) early safety, defined as 
patients undergoing LAAO without evidence of a composite 
endpoint of major bleeding, MACE, DRT, or acquired 
thrombocytopenia during the 60-day follow up period.

Statistical analysis

Continuous variables were presented as means ± standard 
deviations (SD) and compared using the Student’s t-test. 
Categorical variables were expressed as numbers (in the 
form of percentages) and compared by Pearson’s χ2 test 
or Fisher’s exact test. Time-to-event was presented via 
Kaplan-Meier curves and compared using the log-rank test. 
Cox regression analysis was used to calculate the hazard 
ratios (HRs) and the relative risks were described with 
a 95% confidence interval (CI). A 2-sided P value <0.05 
was considered statistically significant. All analyses were 
performed using the software SPSS version 26.0 (SPSS Inc,. 
Chicago, IL, USA).

Results

Baseline characteristics

A total of 420 eligible patients (mean age 68.99±8.33 years, 
male 63.81%) were enrolled in our study, of whom 158 
(37.62%) were treated with bivalirudin during LAAO, and 
262 (62.38%) were treated with heparin. The participants' 
baseline characteristics, including gender, AF type, previous 
medical history, and proportion of anticoagulation therapy 
before admission, were well-matched between groups 
(Table 1). Participants presenting with prior stroke/transient 
ischemic attack (TIA) and hemorrhagic events were equally 
frequent between groups, and there were no significant 
differences between the bivalirudin and heparin groups 
regarding CHA2DS2-VASC and HAS-BLED scores.

Procedural characteristics and post-procedural medication

Procedural and treatment data are shown in Table 2. The 
LAAO procedure was attempted in 420 participants and 
was successfully performed in 419 participants. Only  
1 case failed due to complex LAA morphology, and OACs 
were suggested as the ongoing treatment. No differences 
were found regarding device type, total operation time, 
and contrast volume during LAAO between the bivalirudin 
and heparin groups. Echocardiographic findings were 
also similar between the 2 groups, and no serious residual 
leaks after LAA closure were detected on color Doppler 
TEE in our study population. Furthermore, there were 
no significant differences regarding the discharge of 
anticoagulation therapy between the 2 groups.

Clinical outcomes

The periprocedural and 60-day outcomes are shown in  
Table 3. Generally, the primary and secondary outcomes 
were comparable between the 2 cohorts in our study 
population.

Life-threatening bleeding was not reported in our study, 
and no significant differences were observed between the 
bivalirudin group and the heparin group regarding major 
bleeding (1.27% vs. 2.29%, P=0.716) and minor bleeding 
(1.27% vs. 1.15%, P>0.9) within 48 hours. Among them, 
serious pericardial effusion was reported in 2 participants 
in the bivalirudin group and in 4 participants in the heparin 
group, which accounted for nearly two-thirds of the major 
bleeding events (60.00%) and half of the overall bleeding 
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Table 1 Baseline characteristics of the study population

Characteristics All patients (n=420) Bivalirudin (n=158) Heparin (n=262) P value

Age, years 68.99±8.33 70.00±8.85 68.38±7.96 0.054

Male, n (%) 268 (63.81) 99 (62.66) 169 (64.50) 0.703

AF, n (%) 0.839

Paroxysmal 218 (51.90) 81 (51.27) 137 (52.29)

Persistent 182 (43.33) 77 (48.73) 125 (47.71)

CHA2DS2-VASC score 3.30±1.41 3.43±1.37 3.21±1.31 0.094

HAS-BLED score 3.07±1.28 3.12±1.28 2.92±1.26 0.124

LVEF, % 62.44±7.20 62.54±6.45 62.39±7.62 0.847

Hypertension, n (%) 294 (70.00) 108 (68.35) 186 (70.99) 0.568

Diabetes mellitus, n (%) 99 (23.57) 34 (21.52) 65 (24.81) 0.442

Prior stroke/TIA, n (%) 212 (50.48) 83 (52.53) 129 (49.24) 0.513

Prior hemorrhagic history, n (%) 85 (20.24) 39 (24.68) 47 (17.94) 0.097

Renal insufficiency, n (%) 68 (16.19) 27 (17.01) 41 (15.65) 0.698

Platelet count, ×109/L 186±58.23 184.73±60.74 186.79±56.73 0.726

Anticoagulation therapy before admission, n (%) 0.750

Antiplatelet 48 (11.43) 19 (12.03) 29 (11.07)

Warfarin 152 (36.19) 60 (37.97) 92 (35.11)

NOAc 220 (52.38) 79 (50.00) 141 (53.82)

AF, atrial fibrillation; LVEF, left ventricular ejection fraction; TIA, transient ischemic attack; NOAc, new oral anticoagulation.

Table 2 Procedural characteristics between patients receiving bivalirudin and heparin

Characteristics All patients (n=420) Bivalirudin (n=158) Heparin (n=262) P value

Device success, n (%) 419 (99.76) 158 (100.00) 261 (99.62) ≥0.999

Device type, n (%) 0.197

WATCHMAN 344 (81.90) 124 (78.48) 220 (83.97)

LAMBRE 75 (17.86) 33 (20.89) 42 (16.03)

Duration of procedure, min 65.48±9.34 64.97±9.61 65.79±9.17 0.390

Volume of contrast, mL 87.18±17.28 86.76±18.84 87.43±16.30 0.710

Post-procedural antithrombotic therapy, n (%) 0.268

DAPT 131 (31.19) 44 (27.85) 87 (33.21)

NOAc 338 (80.48) 113 (71.52) 175 (66.79)

DAPT, dual antiplatelet therapy; NOAc, new oral anticoagulation.



Annals of Translational Medicine, Vol 9, No 8 April 2021 Page 5 of 10

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(8):629 | http://dx.doi.org/10.21037/atm-20-4755

events (46.15%) (Figure 1). Successful pericardiocentesis 
was performed in all of the six participants without further 
need for surgical repair. During hospitalization, ischemic 
stroke occurred in 0.63% of participants treated with 
bivalirudin vs. 1.15% of those treated with heparin (P>0.9). 
Also, another participant in the bivalirudin group developed 
a left subclavian artery embolism.

None of the participants were lost during follow-
up at the 2-month mark, and neither death nor systemic 
embolization was documented. Participants treated with 
bivalirudin showed a 5.06% rate of overall bleeding, 
similar to the 4.96% rate in the heparin cohort (P=0.963). 
The MACE rates at the 60-day follow up were 1.90% for 
bivalirudin and 2.29% for heparin (P>0.9). The incidence 
of DRT based on TEE readings taken at the 60-day follow-

up was 1.27% in the bivalirudin group vs. 1.52% in the 
heparin group (P>0.9). Acquired thrombocytopenia was 
only observed in participants treated with heparin during 
hospitalization (n=4), but the difference between the  
2 groups was not statistically significant (P=0.302).

In summary, 92.38% of all cases had met our study’s early 
safety endpoint at day 60, and the occurrence of the early 
safety endpoint was similar between the bivalirudin group 
(93.67%) and the heparin group (91.60%), as indicated in 
the Kaplan-Meier survival curve (log-rank 0.624, P=0.430) 
(Figure 2). Upon Cox proportional hazard analysis after 
having adjusted for age and prior hemorrhagic history, the 
use of bivalirudin was still not a predictor for the early safety 
endpoint (HRs: 1.452; 95%, CI: 0.690 to 3.099, P=0.335).

Furthermore, subgroup analysis of the bleeding and 

Table 3 Clinical outcomes between bivalirudin and heparin group

Variable All patients (n=420) Bivalirudin (n=158) Heparin (n=262) P value

Primary outcome, n (%)

Bleeding events within 48 h 13 (3.10) 4 (2.53) 9 (3.43) 0.774

Life-threatening 0 0 0 –

Major 8 (1.90) 2 (1.27) 6 (2.29) 0.716

Minor 5 (1.19) 2 (1.27) 3 (1.15) ≥0.999

Secondary outcome, n (%)

MACE within 48 h 5 (1.19) 2 (1.27) 3 (1.15) ≥0.999

Death 0 0 0 –

Ischemic stroke/TIA 4 (0.95) 1 (0.63) 3 (1.15) ≥0.999

Systemic embolization 1 (0.24) 1 (0.63) 0 0.376

Adverse events at 60-day follow-up, n (%) 15 (3.57) 5 (3.16) 10 (3.82) 0.727

Bleeding events 21 (5.00) 8 (5.06) 13 (4.96) 0.963

Life-threatening 0 0 0 –

Major 11 (2.62) 5 (3.16) 6 (2.29) 0.754

Minor 10 (2.38) 3 (1.90) 7 (2.67) 0.749

MACE 9 (2.14) 3 (1.90) 6 (2.29) ≥0.999

Death 0 0 0 –

Ischemic stroke/TIA 8 (1.90) 2 (1.17) 6 (2.29) 0.716

Systemic embolization 1 (0.24) 1 (0.63) 0 0.376

DRT 6 (1.43) 2 (1.27) 4 (1.52) ≥0.999

Acquired thrombocytopenia 4 (0.95) 0 4 (1.52) 0.302

Early safety events at 60 days, n (%) 32 (7.62) 10 (6.33) 22 (8.40) 0.439

TIA, transient ischemic attack; DRT, device-related thrombus; MACE, major adverse cardiac events.
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thromboembolic endpoint based on clinical characteristics—
such as age dichotomized at 70 years old, gender, renal 
insufficiency, or OAC post-procedure—revealed no clear 
significant differences between the 2 anticoagulation 
treatments during LAAO (Figure 3).

Discussion

This was the first clinical study to examine bivalirudin 
utilization in AF patients with a high risk of stroke or 
bleeding while undergoing LAAO. According to this 
relatively large observational study comparing bivalirudin 
and heparin as intraprocedural anticoagulants in LAA 

closure, we detected no differences in terms of both early 
bleeding and overall bleeding rates. Moreover, there 
were no significant differences between bivalirudin and 
heparin regarding MACE occurrence at 48 hours and  
2 months post-procedure or concerning 2-month early 
safety outcomes.

Procedure-related events occurring at the time of LAA 
closure (e.g., pericardial effusion or groin hematoma) have 
been demonstrated as the major drivers of bleeding during 
implantation, with the capacity to reduce the feasibility and 
safety of the procedure significantly. As a stroke prevention 
procedure for AF patients, LAAO lacks an immediately 
obvious benefit, and it is vital to prevent adverse procedural 
events to determine the overall risk-benefit ratio of the 
LAAO procedure.

In our study, the participants were exclusively AF 
patients at high risk for stroke or bleeding. The LAAO was 
performed at our center by experienced surgeons using 
Watchman devices (Boston Scientific, Marlborough, MA, 
USA). The overall procedural success rate of our study was 
99.76%, and intraprocedural imaging was used to ensure 
that the position, anchor, size, and seal (PASS) criteria 
were uniformly met. However, our findings in the heparin 
group still revealed a bleeding rate of 3.43% during the 
perioperative period, comparable to the 4.9–5.4% rates 
documented in previous registered studies on LAAO using 
heparin (2,3).

Bivalirudin is a synthetic bivalent direct thrombin 
inhibitor with a short half-life that works independently 
of plasma proteins.  The drug enables predictable 
pharmacokinetics and anticoagulant effects based on its 
dose-response curve and does not necessitate frequent 
laboratory monitoring (8). In our study, although no 
significant differences were observed at the primary 
endpoint of early bleeding, we noted that all bleeding and 
major bleeding rates were numerically lower in participants 
treated with bivalirudin. These results are similar to those 
achieved by bivalirudin in other studies of structural heart 
diseases, such as BRAVO 3 (14), a multicenter randomized 
controlled trial of bivalirudin versus heparin in patients 
undergoing transfemoral TAVR, which demonstrated 
comparable bleeding outcomes before discharge between 
the 2 anticoagulation treatments. We assumed that the 
limited sample size might have contributed to the lack of 
significant differences in our study population.

On the other hand, the current bivalirudin analyses for 
endovascular utilization focus almost entirely on the trans-
arterial pathway (15,16). Given the 14F delivery sheath 
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Figure 1 Types and frequencies of bleeding events within 48 hours 
after the LAAO procedure. LAAO, left atrial appendage occlusion.

Figure 2 A cumulative Kaplan-Meier analysis showing freedom 
from early safety events within 60 days, stratified by treatment.
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Figure 3 Subgroup stratification for bleeding and major adverse events between the bivalirudin and heparin groups. (A) Subgroup 
stratification for overall bleeding events within 48 hours of operation. (B) Subgroup stratification for overall bleeding events within 60 days 
of operation. (C) Subgroup stratification for thromboembolization (including stroke, systemic embolism, and device-related thrombus) 
within 60 days of operation.
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via a transvenous approach for Watchman implantation, 
this different operative approach might have diminished 
the significance. Regarding individual factors, serious 
pericardial effusion remained the dominant cause for major 
bleeding, and groin bleeding at the access site was the 
main reason for minor bleeding in both cohorts, similar 
to previously reported results (17). Despite the lack of a 
bivalirudin antidote, as with protamine reversal in heparin, 
no deaths occurred upon emergency intervention in any 
group. It is also remarkable that access site bleeding was 
only detected in our heparin cohort. Our results support 
a previous meta-analysis suggesting that bivalirudin may 
correlate to a comparable mortality benefit while preserving 
much of the groin hematoma reduction of transfemoral 
intervention (18).

Moreover, our study revealed that a surprisingly high 
proportion of 60-day hemorrhagic events were bleeding that 
occurred during hospitalization, with 50% in the bivalirudin 
group and 69% in the heparin group. This result further 
confirmed that the prerequisite for LAAO is the technical 
success of implantation. Further trials should focus on 
the relationship between the anticoagulants administered 
during implantation, and periprocedural complications 
might offer a new angle for finding the optimal prognostic 
cut-point for LAA closure.

In addition to bleeding events, the occurrence of 
thrombosis reflected by stroke and vascular complications 
during and after LAAO might also be associated with 
intraprocedural anticoagulation. Our study found that 
the rates of stroke (0.63% for bivalirudin and 1.15% for 
heparin) and systemic embolism (0.63% for bivalirudin) 
were extremely low and not different between the groups; 
this similarity continued during follow up. At 60 days, there 
were no significant differences in the DRT rates between 
participants treated with heparin and bivalirudin, which 
was consistent with the indication that the LAA device’s 
progressive endothelialization is determined mainly by the 
duration and agents of oral pharmacotherapy (19). Notably, 
other complications, such as acquired thrombocytopenia, 
were only identified in our study's heparin group.

Indeed, to directly inhibiting fluid-phase and fibrin-
bound thrombin, bivalirudin blocks protease-activated 
receptor 4 of platelets, eliminating the risk of heparin-
induced thrombocytopenia (20). Our study suggested 
bivalirudin’s feasibility in this particular population, as 
observed in other studies (21,22). In this context, we 
extended the corrected dosage of bivalirudin to the 
recommended dose for TAVR instead of that for coronary 

intervention (9,14). Since a linear relationship has been 
reported between eliminating bivalirudin and renal 
function, our specifically decreased bivalirudin dosage 
showed sufficient prevention against ischemic events 
without increasing the bleeding risk compared to heparin. 
This, however, still requires testing in further trials.

To further establish an integral evaluation of bivalirudin 
in terms of safety and efficacy, a combined endpoint 
was determined as a counterbalance between the drug’s 
intraprocedural anticoagulation benefits during the 
prevention of thromboembolism and its risk of side 
effects such as bleeding. The satisfactory early safety 
outcome of our study provided substantial preliminary 
evidence in support of bivalirudin as a favorable option 
for anticoagulation in addition to heparin for AF patients 
undergoing LAAO.

Regarding the effects  of  part icipants ’  basel ine 
characteristics on clinical outcomes, we performed further 
analyses of a subgroup in which bivalirudin displayed a 
consistently similar risk of bleeding and thromboembolism 
regardless of age, gender, and renal function. Significantly, 
it has been announced that the variation of OACs post-
procedure is an underlying triggering factor for bleeding 
(23,24). Our results during follow-up demonstrated that the 
heparin and bivalirudin approaches produce comparable 
composite endpoints for hemorrhagic and stroke events, 
regardless of whether dual antiplatelet therapy (DAPT) 
or non-vitamin K antagonist oral anticoagulants (NOAc) 
was administered. Our study's unexpected finding was 
that all of the bleeding events that occurred within  
48 hours in participants for which DAPT was administered 
occurred within the heparin group. Further research may 
be warranted to explore the plausible biological mechanism 
at work here.

Limitations

Our study was retrospective, containing a prospective 
analysis that sought to evaluate the clinical outcomes 
involved in the use of bivalirudin in LAAO among a real-
world population. Due to this study's non-randomized 
nature, along with its limited sample size from a single-
center, we cannot exclude the possibility of selection bias 
in our study groups. Some baseline clinical variables of 
the 2 groups were still borderline significant; thus, the 
differences between these 2 strategies could be minimized 
by these confounding effects. Moreover, most of the 
incidence rates of efficacy and safety events were lower than 
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0.05. This particularly low rate of events in our study has 
little statistical power and might have led to false-negative 
findings. In the future, larger, randomized, prospective, 
controlled, multicenter investigations on bivalirudin use 
compared to heparin in LAAO are warranted to explore 
further whether or not the clinically negligible difference 
between the clinical outcomes in our study was due to 
chance.

Conclusions

In  summary,  our  s tudy  re su l t s  sugges t  tha t  the 
periprocedural use of bivalirudin in LAAO among AF 
patients at a high risk of stroke or bleeding is associated 
with positive outcomes, including a favorable bleeding 
risk and low incidence of major adverse cardiac events. 
Considering bivalirudin’s higher cost and the insignificant 
advantage observed in our study, we propose that, at 
present, bivalirudin should continue to be intensively 
applied as a peri-LAAO anticoagulant in clinical practice.
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