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Abstract

Background: Thromboembolic or hemorrhagic complications related to atrial fibrillation (AF) ablation are rare, and thus, it is
difficult to compare their frequency across different direct oral anticoagulants (DOACs). We aimed to compare the intraablation
blood coagulability and postprocedural hemoglobin fall as alternatives to those complications across 4 DOACs. Methods: We
enrolled AF patients younger than 65 years old in 3 cardiovascular centers who skipped a single dose of apixaban, dabigatran,
edoxaban, and rivaroxaban, prior to the ablation. Endpoints included the activated clotting time (ACT), heparin requirement
during the ablation, and drop in the hemoglobin level 24 hours after the procedure. Results: The time-course curves of the
ACT differed significantly across the patients with apixaban (N=113), dabigatran (N=130), edoxaban (N=144), and rivaroxaban
(N=81), with its highest level in the dabigatran group (P <0.001). The average ACT was greater in the dabigatran group
than in the other groups (312.3+34, 334.4+44, 308.1+41, and 305.8434.7 sec; P <0.001). A significant difference was noted in
total heparin requirement across the patient groups (3990.2+£1167.9, 3890.4+955.3, 4423.8£1051.6, and 39724+978.7 U/m2/h;
P <0.001), with its greatest amount in the edoxaban group. The reduction in the hemoglobin level was similar (-0.93+0.92,
-0.88+0.79, -0.89+0.97, -0.95+1.23 g/dL; P=0.94). No inter-group difference was noted in the rate of major or minor bleedings
(0.9%, 2.3%, 1.4%, and 3.7%; P=0.51), and no thromboembolic events were encountered. Conclusion: A difference in DOACs
may have an impact on intraablation anticoagulation, however, it may not on the procedural blood loss in the setting of a single
skip.

Introduction

Anticoagulation with direct oral anticoagulants (DOACSs) is a corner stone of the periprocedural period
of atrial fibrillation (AF) ablation [1]. An uninterrupted DOAC strategy has recently become increasingly
common in response to the results of landmark trials [2,3]. Nevertheless, a minimally interrupted DOAC ap-
proach still seems to remain a mainstream strategy since a specific antidote for each DOAC is not necessarily
available, thus far [1]. Even with a DOAC’s short half-live, its unignorable residual activity remains during
the ablation procedure with this anticoagulation approach [4,5]. Its clinical significance, therefore, may be
of interest.

An increasing concern about the procedural safety and operator’s dedicated efforts have reduced thromboe-
mbolic and hemorrhagic complications during AF ablation, consequently making it difficult to find out any
difference in their frequency across the different DOACs [1]. Given that the activated clotting time (ACT)
reflects the coagulable state in each subject, and therefore, its measurement is mandatory during the ablation



[1], it could be worth comparing across the different DOACs instead of thromboembolic events. Unlike major
bleeding complications, a significant hemoglobin drop without any overt bleeding is often encountered during
the early post-AF ablation period. We thus turned our attention to it as an alternative endpoint to bleeding
complications.

The goal of the present study was to test if there was any difference in the parameters regarding intraablation
anticoagulation and a post-procedural hemoglobin drop across 4 commercially available DOACs among
subjects undergoing AF ablation with a minimally interrupted DOAC approach.

Methods
Patients

This is a retrospective and multicenter study of the impact of 4 different minimally interrupted DOACs on
the intraprocedural anticoagulation and post-procedural hemoglobin drop following AF ablation. The data-
bases of AF ablation were reviewed in Onomichi General Hospital, Hiroshima General Hospital,
and Hiroshima University Hospital. The data from January 2016 to December 2019 were collected. The
study protocol was approved by the research committee of each institution. Consecutive patients with AF
were considered eligible for inclusion if they underwent a radiofrequency-based pulmonary vein isolation
for the first time, and skipped a single dose of apixaban, dabigatran, edoxaban, or rivaroxaban, prior to
the ablation procedures. Patients were excluded if they were prescribed with inappropriate DOAC dose
regimens, underwent their ablation procedures in the afternoon, or adjunctive ablation procedures such as
cavotricuspid isthmus ablation, linear lesions, superior vena cava isolation, or ablation of non-pulmonary
vein triggers. Patients who were older than 65 years old were also excluded since a choice of the DOAC was
likely to be biased in an elderly population due to safety concerns [6,7].

Blood samples were collected the day before and 24 hours after the ablation in each patient. A complete
blood cell count, coagulation markers, and serum chemistry were measured. For risk stratification of throm-
boembolisms and bleeding, the CHA;DS2-VASc [8] and ORBID |[9] scores were calculated in all patients.

Oral anticoagulation regimens

The following 4 DOACs had been prescribed at least 4 weeks before the ablation: apixaban, dabigatran,
edoxaban, and rivaroxaban. The choice of the DOAC was left to the discretion of each referring physician.
On the basis of the current guidelines on the use of DOACs [10] or landmark trials [11-13], the standard
doses of apixaban, dabigatran, and edoxaban were determined as 5 mg BID, 150 mg BID, and 60 mg OD,
respectively. A landmark trial [14] and the guidelines [10] recommend a 20 mg OD as a standard dose for
rivaroxaban. However, based on the J-ROCKET AF trial [15] that included only Japanese patients, its
Japan-specific standard dose of 15 mg OD predominated in Japan. The rivaroxaban dose was reduced to 10
mg OD if the patients had a creatinine clearance of [?]50 ml/min [15]. For apixaban, the reduced dose of 2.5
mg BID was given if patients had 2 of the following 3 factors: age [?|80 years, creatinine [?]1.5 mg/dL, and
body weight [?]60 kg [10,11]. To date, there is no pre-specified dose-reduction criteria for dabigatran [10]. In
the present study, we considered it an appropriate dose reduction if dabigatran 110 mg BID was prescribed
in the patients who were older than 80 years or had a history of massive bleeding [16]. Patients received a
lower edoxaban dose of 30 mg OD if they had a creatinine clearance of [?]50 ml/min or body weight [?]60
kg [10,13]. Patients with OD or BID dosing regimens were instructed to take their total or morning dose,
respectively, with breakfast. Patients with BID dosing regimens were encouraged to take the evening dose
at dinner. On the procedural day, the normal daily dose was not taken until the post-procedural evening in
patients with OD dose regimens. The morning dose on the procedural day was skipped, and the evening dose
was taken on the post-procedural evening as usual in patients with BID dosing regimens. In the patients
prescribed with any antiplatelets, they were withheld for at least 7 days before the procedure. A bridging
therapy with heparin was not applied.

Anticoagulation during ablation

Intraablation anticoagulation was performed on the basis of the current guidelines [1]. An initial heparin



bolus of 120 units/kg was intravenously administered immediately after the sheath insertion, followed by its
continuous infusion of 30-50 units/kg/h. Additional heparin boluses were repeated to achieve an ACT of
300-350 sec, if necessary. The ACT was checked at 15-minute intervals with the use of a dedicated analyzer
(Hemochron®) Response, International Technidyne Corporation, Edison, NJ, USA) until its target value was
achieved, and then at 30-minute intervals for the duration of the procedure. A 20-40 mg dose of protamine
was routinely infused to reverse the heparin at the end of the procedure.

Ablation procedure

The ablation procedures were started in the morning. The details of the double Lasso catheter-guided exten-
sive encircling pulmonary vein antrum isolation performed in this study have been described previously [17].
In brief, 2 decapolar circular catheters were positioned within the ipsilateral superior and inferior pulmonary
veins. Circumferential ablation lines were created around the left- and right-sided ipsilateral pulmonary veins
with the use of a 3.5 mm-tip irrigated catheter (Thermocool SmartTouch®, Biosense Webster, Diamond Bar,
CA, USA). Radiofrequency energy was delivered with a maximum power of 30 Watt. Real-time contact force
data were used to guide the ablation procedures, with a target force of 10-15 g. The goal of the procedure
was to achieve both pulmonary vein entrance and exit block [1].

Endpoints

The primary endpoints were intraablation anticoagulation parameters including the ACT, time from the
initial heparin injection to the first achievement of the target ACT, and heparin requirement. The secondary
endpoint was a fall in the hemoglobin level 24 hours after the ablation. The occurrence of major or minor
bleeding complications was also measured. Major bleeding complications were defined as the occurrence
of a cardiac tamponade, hematoma requiring intervention, hemothorax, or retroperitoneal bleeding. Minor
bleeding complications were defined as a hematoma or any bleeding that did not require any intervention or
a prolonged hospital stay [18].

Statistical analysis

The continuous variables were expressed as means=tstandard errors in Figure 4, otherwise as means+standard
deviation. Categorical variables were summarized as proportions. The differences in the categorical variables
across the patient groups were examined with the use of the Pearson Chi-Square test. A one-way analysis
of variance was used to compare the normally distributed variables across the groups, and it was followed
by a post hoc pairwise comparison with a Tukey—Kramer test. A two-way analysis of variance for repeated
measures was used to compare the time-course curves of the ACT. All statistical analyses were performed
with the use of JMP software version 13.0 (SAS Institute, Cary, NC, USA). A P value of <0.05 was considered
significant.

Results
Patients

A total of 1639 patients were considered eligible. Among them, 1171 patients met the exclusion criteria: 31
with an inadequate dose reduction of DOACs, 315 with afternoon procedures, 289 with adjunctive ablation
procedures, and 861 with an age older than 65 years old. We thus finally studied 468 patients: 113 (24.1%)
patients with apixaban, 130 (27.8%) with dabigatran, 144 (30.8%) with edoxaban, and 81 (17.3%) with
rivaroxaban. The baseline characteristics of the patients included are summarized in Table 1.

Data on intraprocedural anticoagulation

The time-course curves of the ACT differed significantly across the patients with apixaban, dabigatran,
edoxaban, and rivaroxaban, and its highest levels were seen in the dabigatran group during the time period
between the 15 and 4™ ACT measurements (Figure 1). The average ACT was greater in the patients
with dabigatran than in those with the other DAOCs (312.3+34, 334.4+44, 308.1+41, and 305.8+34.7
sec; P <0.001, Figure 2). Time from the initial heparin injection to the first achievement of the target
ACT differed significantly across the patient groups (54.84+25.6, 47.2421.6, 56.1+26.8, and 50.6+24.1 sec;



P=0.02), with its shortest time in the dabigatran group (Figure 2). A significant difference was noted in
the total heparin requirement across the patient groups (3990.2+1167.9, 3890.44+955.3, 4423.8+1051.6, and
3972+978.7 U/m? /h; P <0.001), with its greatest amount in the edoxaban group (Figure 3).

Fall in the hemoglobin level

The reduction in the hemoglobin level (-0.934+0.92, -0.88+0.79, -0.894+0.97, -0.95+1.23 g/dL; P=0.94) and
its % reduction (-6.3+6.2, -5.8+5.2, -5.9+6.3, -6.2+8.2 %; P=0.93) were similar across the patient groups
with apixaban, dabigatran, edoxaban, and rivaroxaban (Figure 4).

Complications

No difference was found in the frequency of major or minor bleeding complications across the patient groups
(Table 2). No other serious complications including strokes or death were encountered in the entire study
subjects.

Discussion
Major findings

The major findings of the present study were twofold. (1) The parameters regarding the intraprocedural
anticoagulation differed significantly according to the DOACs that the patients were prescribed even though
they were temporarily withheld. (2) There was no difference in the hemoglobin drop following the ablation
and rate of bleeding complications across the different DOACs.

More prolonged ACT with dabigatran

In the present study, we demonstrated that dabigatran prolonged the ACT more than the other DOACs in
a setting of a single skip. The possible mechanisms may include (1) dabigatran’s more pronounced ability to
prolong the ACT, (2) it’s greater residual anticoagulant activity, or (3) its tighter positive interaction on the
ACT with heparin. Let us discuss each possibility. First, all 4 currently available DOACs have been reported
to prolong the ACT [10]. The extent to which a DOAC prolongs the ACT at a certain blood level varies
depending on the DOAC. A study [19] reported that dabigatran and rivaroxaban prolonged the ACT in a
concentration dependent manner while apixaban necessarily did not. Another extensive study [20] demons-
trated that the ACT was longer in the uninterrupted dabigatran arm than in the uninterrupted apixaban
and rivaroxaban arms, and a significant positive correlation between the ACT and drug concentration was
noted only in the dabigatran arm. These findings may support the first possible mechanism. Second, all 4
DOACs have comparable half-lives [10]. Nevertheless, there are 2 different dosing regimens; edoxaban and
rivaroxaban are supposed to be taken once daily while apixaban and dabigatran are given twice a day. In our
series, patients with edoxaban and rivaroxaban had regularly taken them in the morning rather than evening
according to the Japanese custom. Because of the single skip approach in our series, therefore, their last dose
was about 24 hours before the ablation. On the contrary, patients with apixaban and dabigatran took their
last dose half a day before the procedure. Accordingly, the blood level of apixaban and dabigatran must have
been higher than that of edoxaban and rivaroxaban. The second proposed mechanism may thus be possible.
Third, we previously proved in a review article [21] that dabigatran prolongs the ACT in synchronization
with heparin. The aforementioned study [20] further showed that the positive interaction on the ACT with
heparin was greater with dabigatran than apixaban and rivaroxaban. Therefore, the third mechanism may
also be likely.

A greater heparin requirement with edoxaban

We also showed that the greatest heparin requirement was seen in the edoxaban group. To date, little is known
about an interaction between unfractionated heparin and edoxaban. However, we recently demonstrated in a
study [22] that there was an inverse correlation between the residual DOAC activity and heparin requirement
during AF ablation, and among the 4 DOACS, it was the weakest for edoxaban. That may seemingly be in
line with the finding, and possibly suggest edoxaban’s weaker interaction with heparin.



Clinical implications

The present study is among a few studies comparing 4 different minimally interrupted DOACs. In parti-
cular, data on edoxaban is scant. We thus believe that our findings may be helpful for understanding the
characteristics of each DOAC. Also, the equality of the blood loss across the 4 DOACs shown in the present
study may be of value in terms of the procedural safety.

Limitations

We excluded elderly subjects. The reproducibility of ACT is generally somewhat questionable. The present
study was a retrospective one.
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Figure legends

Figure 1. The time-course of the activated clotting time (ACT). The numbers below the horizontal axis
indicate the number of times in which the ACT was measured. The means are presented.

Figure 2. The average activated clotting time (ACT) and time from the initial heparin injection to the
first achievement of the target ACT. The means and standard deviations are presented. "P <0.001 versus
dabigatran, "P=0.02 versus dabigatran.

Figure 3. The total heparin requirement during the ablation procedure. The means and standard deviations
are presented. ~ P <0.001 versus edoxaban, TP <0.01 versus edoxaban.

Figure 4. Change and percent change in the hemoglobin level before and 24 hours after the atrial fibrillation
ablation. The means and standard errors are presented.
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