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Abstract

Background
This study was designed to evaluate the platelet reactivity of different antithrombotic regimens under the
condition of occluder implantation.

Methods
A single, prospective cohort study was conducted among patients who received anticoagulation with
either dabigatran (N = 33) or rivaroxaban (N = 72) between January 2018 and December 2019. We applied
thromboelastogram (TEG) to evaluate platelet aggregation induced with thrombin receptor activating
peptide (TRAP) after anticoagulation for 3 months. Plasma coagulation markers mediate platelet
activation including TAT, P-selectin, vWF and CD40L were tested by the method of ELISA kit on the day of
LAAC and at 3 months after operation procedure. Repeated transesophageal echocardiographic were
scheduled to evaluate device related thrombosis (DRT) formation on occluders at 3-month after
discharge.

Results
There was 3(4.2%) in rivaroxaban and 4(12.1%) in dabigatran group experiencing DRT events (OR = 0.315,
95%CI:0.066–1.489, P = 0.129) during follow-ups. The TRAP induced platelet aggregation was higher for
patients medication with dabigatran as compared to rivaroxaban group (62.9% vs. 59.7%, P = 0.028*).
The plasma levels of TAT, P-selectin, vWF expression was signi�cant higher after 3 months intake of
dabigatran compared with that on the day LAAC operation, meanwhile, no signi�cant difference was
found in the changes of CD40L plasma levels. After receiving 3 months anticoagulation with rivaroxaban,
the expressions of plasma platelet activation of TAT, P-selectin, vWF and CD40L showed no signi�cant
changes. We observed signi�cant higher expressions of plasma platelet activation markers for DTR
patients in terms of the P-selectin and vWF compared with non-DRT patients. Multivariate regression
shwed that anticoagualtion regimen (P = 0.022; OR = 4.366, 95%CI: 0.434–10.839) was an independent
predictor for DRT in patients after LAAC operation, while non of the plasma platelet activation included
was associated with DRT.

Conclusions
By avoiding peri-procedure DRT occurrence, it is possible that dabigatran usage might even be reduced,
as they had been shown to increase expressions of platelet reactivity.

Introduction



Page 3/20

Currently, percutaneous left atrial appendage closure (LAAC) has become an effective and safe surgical
method for the prevention of stroke, and it is mainly available for patients who are diagnosed with non-
valvular atrial �brillation (NVAF) and cannot adhere to long-term anticoagulant therapy [1–3]. Recently,
LAAC has been acknowledged as a reliable alternative for cardioembolic stroke prevention with an
e�cacy equal to anticoagulation therapy. It was de�ned that thrombosis in the left atrium can obviously
increase the risk of stroke and about 90% of identi�ed left atrium thrombosis are located in the left atrial
appendage (LAA) [4]. Presently, during the medication with oral anticoagulation (OAC), LAAC operations
raised a fascinating concept on the combination of potential reduction of thrombosis occurrence and
bleeding events [5, 6].

Similar as other implanted devices in human body, when exposed to circulating blood after LAAC
operations, there might be a necessary period for the complete endothelialization of occluders. The
thrombus formation results from a local tissue response to an implantation and may occur on all
available devices with endothelialization pro�les that require adequate antithrombotic treatment to
prevent device related thrombosis (DRT) [7–9]. Before fully closure endothelialization, there was a
remarkable interindividual variability on post-anticoagulation, which might add uncertainness on
anticoagulation duration for LAAC patients [10]. The existing guidelines recommended that patients who
are intolerant to warfarin can be given direct oral anticoagulation (DOAC) to prevent DRT, followed by
dual antiplatelet therapy for up to six months and then lifelong aspirin [11]. Previous clinical trials
provided superior effect and safety of DOAC for post anticoagulation on patients developing LAAC
operations, compared with antiplatelet treatment, with a lower DRT occurrence [12].

Recently, clinical trials prompted warning against advising anticoagulation with dabigatran in patients
with mechanical heart valves mainly due to the enhancement of platelet aggregation [13]. Meanwhile,
rivaroxaban, one selective Xa inhibitor, has been con�rmed to decrease clot formation induced by
thrombin. Furthermore, rivaroxaban remained favorable for patients with vascular thrombosis in the
COMPASS trial [14]. Currently, some cases and retrospective trials reported the closure device-related
thrombosis formation during anticoagulation with dabigatran in patients undergoing percutaneous LAAC
[15]. The explanation for the failure of dabigatran to prevent DRT still remained unclear. Biomarkers such
as thrombin-antithrombin complex (TAT), P-selectin, von Willebrand disease (vWF) and CD40L could
re�ect anticoagulation effect [16]. Therefore, the objective of this study was to evaluate platelet reactivity
of different antithrombotic regimens under the condition of occluder implantation.

Methods

Study design and population
We conducted a single and prospective cohort study to investigate the e�cacy and safety assessments
of different DOACs (dabigatran and rivaroxaban) among patients with NVAF and undergoing
percutaneous LAAC operations in the department of cardiology, Zhongshan Hospital, Fudan University
between January 2018 and December 2019. Medical Ethics Committee of Zhongshan Hospital approved
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this study and waived the requirement for informed consent. According to European Society of
Cardiology (ESC) criteria, NVAF was diagnosed [17]. All patients accepted electrocardiogram (ECG),
showing a typical pattern of AF: absolutely irregular RR intervals and no discernible and distinct P waves.

Study design
In our study, a total of 105 patients were presented with high risk for stroke, transient ischemic attack, and
systemic embolism with CHA2DS2-VASc score ≥ 2 and deemed to be poor candidates for long-term
DOAC. Consecutive patients were enrolled to perform successful LAAC operations with occluders. The
main exclusion criteria were as follows: 1) history of bleeding and hemorrhagic disease, 2) concomitant
anti-platelet medication, 3) severe renal dysfunction, 4) severe hepatic insu�ciency, and 5)
discontinuation of a treatment with dabigatran or rivaroxaban. Based on drug administration at
admission, patients were categorized into two groups, namely the dabigatran (110mg b.i.d.) or
rivaroxaban (15mg q.d.) group.

Medication and LAAC procedure
In the preparation of LAAC procedure, the typical practice was to perform the implantation with
uninterrupted dabigatran or rivaroxaban until operation day after admission. Brie�y, the closures were
implanted under general anesthesia and �uoroscopic guidance via the femoral vein and transseptal
access. Intraprocedural transesophageal echocardiographic (TEE) was applied to rule out LAA
thrombosis and de�ne the LAA dimensions for device sizing. After the procedure, the sheath removed and
hemostasis achieved with manual pressure or 8-stitch. The operation was conducted in a routine manner
and patients obtained successful device implantation. All patients were medicated with 3-month course
of anticoagulation with DOAC to facilitate device endothelialization, and followed by dual antiplatelet
therapy until six months and then lifelong aspirin after discharge. The anticoagulant treatment was
decided by attending physicians.

Platelet aggregation measurement
We applied thromboelastogram (TEG) to evaluate platelet aggregation induced with thrombin receptor
activating peptide (TRAP, 32µM) after administration with dabigatran or rivaroxaban for 3 months. The
mechanical electrical transducer was applied to monitor the coagulation status of the whole blood and
we recorded the changes of amplitude with a computer during the thrombosis process. The maximum
amplitude (MA) was de�ned as the largest change of coagulation intensity amplitude value.

The tested MA was classi�ed into the thrombin-induced MA (MAthrombin), the TRAP‐induced MA (MATRAP)
and the �brin‐induced MA (MAFibrin) according to three different activators added to the blood sample.
The TRAP‐induced platelet aggregation was calculated by the formula: TRAP induced platelet
aggregation (%) = (MAthrombin − MATRAP)/(MAthrombin − MAFibrin).

Laboratory parameters
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Fasting blood samples (2ml) were collected to measure plasma coagulation markers mediate platelet
activation including TAT, P-selectin, vWF and CD40L by the method of enzyme-linked immunosorbent
assay (ELISA) kit recommended by the manufacturer on the same day of LAAC and at 3 months after
operation procedure. The detection ranges were 2-100 ng/mL, 10-1000 ng/L, 20–500 U/L and 30-2400
ng/L, respectively.

Device related thrombosis (DRT)
Similar to other implanted device into human body, thin layer of �brin might form on the device
membrane due to exposition to blood circulation. DRT was de�ned as a well-circumscribed echo-re�ective
mass on the left atrial side of the device defect and the thrombosis size was assessed by TEE. Outpatient
follow-up visits were scheduled at each month after their discharge. During the follow-ups, repeated TEEs
were carried out to evaluate thrombosis formation on occluders, left atrium/thrombus ratio, and the
thrombus dissolution ability. As for the formation of DRT appearance, anticoagulation strategy switched
from dabigatran or rivaroxaban to warfarin with the target INR of 2.0–3.0, and another TEE was
scheduled to de�ne thrombosis dissolution.

Data collection and Follow-ups
Detailed information about each subject such as history of smoking or alcohol consumption, comorbidity
disease, levels of hemoglobin (Hb) and hematocrit (Hct), platelet (PLT) count, alanine aminotransferase
(ALT), estimated glomerular �ltration rate (eGFR), and cardiac biomarkers as well as concomitant drugs
in use, were collected through electronic medical records on admission.

Statistical analysis
The descriptive statistics of continuous variables were expressed as means ± standard deviations (SD),
and those of discrete variables were expressed as counts or percentages. One-way independent Student's
t-tests was adopted to compare the differences of the continuous variables between the two groups of
patients and chi-squared tests were performed to compare the distribution of categorical variables. The
comparison of platelet aggregation was analyzed through Student t-test. For analyzing dynamic changes
on platelet activation between dabigatran and rivaroxaban, we incorporated paired data for analyses for
intraindividual intake of DOAC anticoagulation. We compared the plasma platelet activation expressions
between DRT and non-DRT patients. We analyzed clinical risk associations of DRT occurrence by using
multiple statistical models. Variables including CHA2DS2-VASc score potential risk factors, age, LAA size,
plasma platelet activation, TRAP induced platelet aggregation and anticoagulation treatment factors
were analyzed. Odds ratios (ORs) with two-sided 95% con�dence intervals (CIs) were calculated for the
risk factors of composite endpoint. Results are presented as ORs along with 95%CI. Statistical analysis
was conducted with SPSS (IBM SPSS Statistics 22.0) and Prism 5 (GrandPad Software). The P value of
0.05 was considered to be the threshold for statistical signi�cance.

Results
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Patients’ characteristics
During the study inclusion period, a total of 105 consecutive patients with atrial �brillation underwent
percutaneous LAAC successfully and completed a 3-month follow-up with NOAC. Among the enrolled
patients, about 33 received dabigatran (31.4%) and 72 for rivaroxaban (68.6%). Among the enrolled
patients, 6 patients developed DRT with the TEE examine (3 for dabigatran and 3 for rivaroxaban) and
switched to achieve the stabilization phase of warfarin anticoagulation (INR 2–3) until thrombosis
resolution. The study design and progression of anticoagulation strategy were summarized in Fig. 1.

Table 1 summarized the basic demographic and clinical characteristics of the patients. The two groups
were well-matched with respect to age, gender and comorbidity including diabetes mellitus (DM),
hypertension, stroke, and coronary artery disease (P > 0.05). There was no signi�cant difference in the
echocardiography parameters and closure size between two groups (p > 0.05).

The ratio with high thromboembolic risk according to CHA2DS2-VASc score of > 4 was 55.6% for
rivaroxaban and 70.8% for dabigatran, respectively. The majority high bleeding risk with a HAS-BLED
score of > 3 was 93.8% and 100% of cases for rivaroxaban and dabigatran anticoagulation, respectively.
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Table 1
Baseline characteristics of the study population

Baseline Characteristics Rivaroxaban

(n = 72)

Dabigatran

(n = 33)

P value

Age, years; mean (SD) 69.04 ± 8.96 66.17 ± 12.35 0.218

Gender, male; n (%) 46.9% 58.3% 0.326

Smoking, n (%) 11.1% 8.3% 0.696

Alcohol, n (%) 4.9% 4.2% 0.876

Complication      

Hypertension, n (%) 61.7% 50.0% 0.305

Hyperlipid, n (%) 7.4% 4.2% 0.576

Diabetes, n (%) 21.0% 12.5% 0.352

Stroke, n (%) 28.4% 25.0% 0.744

Imaging      

LA, mm; mean (SD) 49.04 ± 7.612 46.29 ± 6.083 0.109

LVDd, mm; mean (SD) 47.78 ± 5.812 45.54 ± 5.291 0.094

LVDs, mm; mean (SD) 31.02 ± 5.126 29.13 ± 3.687 0.094

LVEF, %; mean (SD) 63.48 ± 6.762 65.08 ± 4.662 0.281

LAA, mm; mean (SD) 25.31 ± 3.611 24.63 ± 3.132 0.404

Closure size, mm; mean (SD) 28.98 ± 3.420 28.13 ± 3.301 0.284

Laboratory tests      

eGFR, mL/(min·1.73m2); mean (SD) 75.25 ± 14.71 80.71 ± 21.16 0.154

Hb, g/L; mean (SD) 133.43 ± 15.57 130.50 ± 19.30 0.446

Hct, %; mean (SD) 39.79 ± 4.15 39.18 ± 5.26 0.559

PLT, 100*109/L; mean (SD) 185.51 ± 57.40 205.96 ± 53.31 0.122

ALT, U/L; mean (SD) 23.33 ± 19.72 24.04 ± 14.16 0.869

The data are shown as mean (SD) or %. SD, standard deviation; LA, left atrial; LVDd, left ventricular
end diastolic dimension; LVDs, left ventricular end systolic dimension; LVEF, left ventricular ejection
fraction; LAA, left atrial appendage; eGFR, estimated glomerular �ltration rate; Hb, hemoglobin; Hct,
hematocrit; PLT, platelet; ALT, alanine aminotransferase; AST, aspartate transaminase; APTT, activated
partial thromboplastin time; PT, prothrombin time; TT, Thrombin time; thrombosis and bleeding risk
was represented with CHA2DS2-VASc and HAS-BLED score, respectively.



Page 8/20

Baseline Characteristics Rivaroxaban

(n = 72)

Dabigatran

(n = 33)

P value

AST, U/L; mean (SD) 24.16 ± 13.63 24.25 ± 7.87 0.976

APTT, s; mean (SD) 29.17 ± 5.14 28.83 ± 6.14 0.783

PT, s; mean (SD) 14.68 ± 5.44 13.48 ± 4.24 0.320

CHA2DS2-VASc; mean (SD) 3.94 ± 1.34 4.33 ± 1.47 0.218

CHA2DS2-VASc ≥ 2; n (%) 100% 100% /

CHA2DS2-VASc ≥ 3; n (%) 90.1% 91.7% 0.821

CHA2DS2-VASc ≥ 4; n (%) 55.6% 70.8% 0.181

HAS-BLED; mean (SD) 3.69 ± 0.89 3.88 ± 0.85 0.372

HAS-BLED ≥ 3; n (%) 93.8% 100% 0.212

The data are shown as mean (SD) or %. SD, standard deviation; LA, left atrial; LVDd, left ventricular
end diastolic dimension; LVDs, left ventricular end systolic dimension; LVEF, left ventricular ejection
fraction; LAA, left atrial appendage; eGFR, estimated glomerular �ltration rate; Hb, hemoglobin; Hct,
hematocrit; PLT, platelet; ALT, alanine aminotransferase; AST, aspartate transaminase; APTT, activated
partial thromboplastin time; PT, prothrombin time; TT, Thrombin time; thrombosis and bleeding risk
was represented with CHA2DS2-VASc and HAS-BLED score, respectively.

Comparison of TRAP induced platelet aggregation
In our study, we calculated TRAP induced platelet aggregation independently of concomitant antiplatelet
medication after 3 month anticoagulation. As shown in Fig. 2, the TRAP induced platelet aggregation was
higher for patients medication with dabigatran (62.9 ± 6.3%) when compared to patients on rivaroxaban
medication (59.7 ± 6.9%) during anticoagulation course (P = 0.028*).

Plasma platelet activation after DOAC intake
We subsequently performed ELISA analysis to further investigate platelet activation on the duration of
three months DOAC intake. As shown in Fig. 3, the plasma levels of TAT, P-selectin, vWF expression was
signi�cant higher after 3 months intake of dabigatran (66.70 ± 27.29 ng/mL vs. 53.17 ± 13.37 ng/mL, P = 
0.013; 42.54 ± 14.37 ng/L vs. 28.14 ± 11.04 ng/L, P = 0.001; 332.03 ± 97.41 U/L vs. 268.21 ± 55.17 U/L, P 
= 0.020, respectively) compared with plasma markers of platelet activation on the day of LAAC operation.
Meanwhile, no signi�cant difference was found in the changes of CD40L plasma levels on 3 months
after operation procedure and the day of LAAC (1826.90 ± 88.11 ng/L vs. 1796.02 ± 97.85 ng/L, P = 
0.183).

After receiving 3 months anticoagulation with rivaroxaban, the expressions of plasma platelet activation
of TAT, P-selectin, vWF and CD40L showed no signi�cant changes on 3 months after operation procedure
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and the day of LAAC (52.83 ± 13.83 ng/mL vs. 54.88 ± 9.68 ng/mL, P = 0.305; 30.60 ± 13.40 ng/L vs.
32.02 ± 11.10 ng/L, P = 0.780; 279.06 ± 65.40 U/L vs. 269.48 ± 47.50 U/L, P = 0.317; 1754.37 ± 83.76 ng/L
vs. 1736.340 ± 69.54 ng/L, P = 0.162, respectively)

DRT and platelet activation
Clinical and TEE imaging follow-ups were available in all enrolled patients at 3 months. During the follow-
up period, there were 3(4.2%) in rivaroxaban and 4(12.1%) in dabigatran group experiencing DRT events
(OR = 0.315, 95%CI:0.066–1.489, P = 0.129), respectively. In order to investigate if platelet aggregation
contributed to DRT, the plasma platelet activation on the day of LAAC operation was compared between
the DRT and non-DRT groups. We observed signi�cant higher expressions of plasma platelet activation
markers for DTR patients in terms of the P-selectin and vWF compared with non-DRT patients (65.28 ± 
13.93 ng/L vs. 32.14 ± 12.11 ng/L, P = 0.037; 501.92 ± 106.48 U/L vs. 280.98 ± 54.10 U/L, P = 0.045;
respectively), as shown in Fig. 4. There was no signi�cant difference between the DRT and non-DRT
patients with respect to the levels of platelet activation markers as TAT and CD40L (91.05 ± 42.18 g/mL
vs. 49.76 ± 16.07 g/mL, P = 0.356 and 1993.87 ± 73.31 ng/L vs. 1761.70 ± 70.43 ng/L, P = 0.058).

Multivariate logistic regression was performed to identify the independent associations of DRT
occurrence with CHA2DS2-VASc score potential risk factors, age, LAA size, plasma platelet activation,
TRAP induced platelet aggregation and anticoagulation treatment. By multivariate analysis,
anticoagulation regimen (P = 0.022; OR = 4.366, 95%CI: 0.434–10.839) was an independent predictor for
DRT in patients after LAAC operation, while non of the plasma platelet activation included was
associated with DRT. (Table 2)
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Table 2
Multivariate logistic regression of the DRT occurrence with clinical risk factors

Variables SE P value OR 95%CI

Age, y 0.303 0.184 0.669 0.370–1.211

Anticoagulation (Dabigatran, %) 3.152 0.022* 4.366 0.434–10.839

CHA2DS2-VASc score 3.012 0.202 4.273 1.043–17.543

LAA, mm 0.528 0.836 0.896 0.318–2.524

TAT, g/mL 0.321 0.195 1.517 0.808–2.847

P-selectin, ng/L 0.806 0.173 1.125 0.950–1.132

vWF, U/L 0.155 0.138 1.259 0.929–1.706

CD40L, ng/L 0.011 0.612 0.995 0.947–1.016

TRAP induced platelet aggregation 0.947 0.149 0.255 0.040–1.631

Values are expressed as number and %. OR indicates odds rati; 95%CI indicated 95% con�dence
interval. Multivariate logistic regression included TAT, P-selectin, vWF and CD40L as covariates along
with age, anticoagulation regimen, LAA size, TRAP induced platelet aggregation. CHA2DS2-VASc score
were also included as covariates.

Discussion
To the best of our knowledge, our study was �rst to investigate platelet reactivity of dabigatran and
rivaroxaban for patients undergoing percutaneous LAAC operation. The results presented in this study
indicated that dabigatran treatment could enhanced platelet aggregation and increase platelet reactivity
compared with rivaroxaban. A direct association between anticoagulation strategy and DRT was found in
our research and higher platelet activation markers were predominantly found in DRT patients during 3
months post anticoagulation. Thus, our data suggested that a strategy of uninterrupted rivaroxaban
administration is being used routinely in patients during occluders implantation, as it had been shown to
be superior in preventing peri-procedural DRT during the �rst three months after LAAC operation than
dabigatran.

Many studies had provided potential clinical bene�t of DOACs (mainly related with rivaroxaban) for post
anticoagulation after LAAC operation [18, 19]. But it is still uncertain on the optimal anticoagulation
strategy due to sparse clinical trials conducted to compare direct clinical e�cacy and safety between
different DOACs for LAAC operation. As treatment with dabigatran was shown incomplete resolution of
DRT in some cases, dabigatran treatment should be administrated cautiously after a newly closure
implanted. Our results showed that patients with dabigatran had higher TRAP induced platelet
aggregation compared with rivaroxaban anticoagulation (62.9% vs. 59.7%, P = 0.028). At present, there
was few related literature on the mechanism of dabigatran induced thrombosis for LAAC operation. The
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probable explanation might be that medication with dabigatran could promote platelet aggregation
through the enhancement of thrombin receptor density on thrombocytes, which contribute to formation of
thrombosis [20]. The potential dabigatran enhanced platelet reactivity mainly mediated by activation of
thrombin receptor peptides is the speci�city of thrombin-induced platelet activation [21]. One previous
study concluded that TRAP-induced platelet aggregation was enhanced in cardiovascular patients
receiving dabigatran by the increased expression pro�le of thrombin receptors on the surface of platelets
[22]. Meanwhile, rivaroxaban could contribute to attenuation for platelet activity and aggregation by
inhibiting coagulation FXa which might increase platelet activity via Protease Activated Receptor-1 (PAR-
1) [23, 24].

The thromboembolism risk under direct thrombin inhibitors (Dabigatran) treatment has been widely
discussed [25]. The elevated plasma TAT levels had been referred as an important coagulation parameter
to detect a prothrombotic state [26]. We observed evaluated concentrations of TAT under medication with
dabigatran, while no signi�cant change was found for rivaroxaban. One previous study demonstrated
that dabigatran might provoke inhibition of negative feed-back mechanism related to thrombin,
thrombomodulin, and protein C formation, which leads to thrombin generation [27]. However, this
thrombus formation makers rise did not lead to the incidence of DRT.

VWF has been involved in many pathological processes including coagulation and in�ammation, which
might facilitate the development of DRT [28]. In the present study, administration with dabigatran
displayed an increasing expression of plasma vWF. The probable reason might be that dabigatran
anticoagulation was associated with in�ammation, endothelial dysfunction, and oxidative stress,
increased expression of angiogenic and cell adhesion molecules [29].

The central molecular mechanism of platelet aggregation attributes to adhesion of activated platelets on
leukocytes with interaction of platelet P-selectin and P-selectin glycoprotein ligand-1 on leukocytes [30].
Our results showed there was an increase in the expression of plasma P-selectin after long term
dabigatran intake. According to previous experiment, P-selectin expression could facilitate the binding of
platelet and leukocyte by the means of molecular cascades [31]. Meanwhile, this phenomenon was not
found under rivaroxaban treatment. Furthermore, we noticed that occurrence of DRT was associated with
higher expressions of P-selectin mainly due to enhancement of platelet reactivity. Another adhesive
protein on platelet surface, named CD40L, also played an important role in the inaction of platelet and
leukocytes [32]. No signi�cant change was observed under either dabigatran and rivaroxaban
anticoagulation.

Compared with dabigatran, the incident DRT was more uncommon at 90 days with rivaroxaban
indicating that early rivaroxaban anticoagulation after implantation is largely protective. Meanwhile, the
marked increase of DRT incidence at 3 months for post-implantation anticoagulation after LAAC
operation with dabigatran suggested that dabigatran could enhance platelet reactivity in some LAAC
operation patients. In our population, the follow-up TEE imaging displayed a higher ratio of DRT under
anticoagulation with dabigatran, the adjusted post-anticoagulation therapy for LAAC was further needed.
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Limitations
We acknowledged many limitations in this study. First, the observational nature of the study limits our
ability to draw an accurate conclusion. In the future, large prospective and randomized controlled trials
are needed to evaluate clinical effect and adverse drug reaction of NOACs for LAAC operation patients.
Second, the very low rate of DRT would render such a study impractical and a requisite large sample size
needed to be collected in further study. Thirdly, we did not evaluate the clinical signi�cance of device-
related thrombosis in the occluder implantation population mainly as for the low event rate of DRT and
thromboembolic events. Finally, we only collect the information on occurrence of DRT at the �rst follow-
up TEE detect after implantation in the study. It is certainly true that DRT can occur early after device
implantation, which might have an in�uence on the observation of DRT time.

Conclusion
DRT after LAAC has been acknowledged to have a strong correlation with the risks of postoperative
stroke and systematic embolic events. Overall, our data provided an important addition to literature that
has been largely limited to direct comparisons of e�cacy and safety between DOACs for post
anticoagulation of LAAC operations. Our �ndings may help guide decision-making in clinical settings. By
avoiding peri-procedure DRT occurrence, it is possible that factor II inhibitors (dabigatran) usage might
even be reduced, as they had been shown to increase expressions of platelet reactivity including TAT, P-
selectin, and vWF. Also, we found that platelet activation was involved in many pathological processes
including coagulation and in�ammation and facilitate the development of DRT. Therefore, a strategy of
uninterrupted factor Xa inhibitor administration could be used routinely in patients during occluders
implantation, as they have been shown to be safe in preventing peri-procedural DRT. Of course, this
remains to be proven in future clinical studies.
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Figure 1

Diagrammatic presentation of our sample size and progression of anticoagulation strategy
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Figure 2

TRAP induced platelet aggregation comparison on dabigatran or rivaroxaban medication
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Figure 3

Intra-individual plasma platelet activation changes of patients before and after dabigatran or rivaroxaban
medication. In an 3 months intraindividual follow-up, the platelet activation (TAT, P-selectin and vWF)
increased signi�cantly after the application of dabigatran compared with the measurement on the day of
LAAC operation (P<0.05). This was not seen in patients receiving rivaroxaban (P>0.05). Meanwhile,
CD40L showed no signi�cant changes in either dabigatran or rivaroxaban group (P>0.05).
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Figure 4

Comparison of platelet activation between the DRT and non-DRT groups. P-selectin and vWF plasma
levels was signi�cant higher in DRT compared with the measurement of non-DRT on the day of LAAC
operation (P<0.05). This was not seen in the TAT and CD40L (P>0.05).
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