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Abstract

Background: There is a concern about worsening of anemia after atrial fibrillation (AF) ablation in anemic patients. We aimed
to clarify whether or not patients with anemia who are on an oral anticoagulant therapy are more likely to lose blood after AF
ablation. Methods: We studied AF patients in 3 cardiovascular centers who skipped a single dose of direct oral anticoagulants
prior to the ablation, and compared the drop in the hemoglobin level 24 hours after the procedure and bleeding complications
between the patients with and without preexisting anemia. Results: We identified 183 (15.7%) patients with anemia at baseline
out of 1163 patients. The reduction in the hemoglobin level (-0.39±0.71 vs. -0.93±0.9 g/dL; P<0.001) was smaller in the
anemic than non-anemic patients. A fall in the hemoglobin level of [?]2 g/dL was less common in anemic patients (1.6% vs.
11.3%; P<0.001). A female gender (odds ratio [OR] 1.62, confidence interval [CI] 1.07-2.45; P=0.02), persistent or longstanding
persistent versus paroxysmal AF (OR 1.67, CI 1.13-2.49; P=0.01), ORBIT score [?]3 (OR 3.5, CI 1.34-8.94; P=0.01), and
preexisting anemia (OR 0.02, CI 0.004-0.14; P<0.001) were independently associated with the fall in the hemoglobin level
of [?]2 g/dL. No difference was noted in the rate of major bleeding complications (1.6% vs. 1.2%; P=0.72). Conclusions:
Paradoxically, patients with preexisting anemia may be less likely to lose blood following AF ablation.

Introduction

Catheter ablation of atrial fibrillation (AF) has become the first-line treatment for a selected population
[1]. Oral anticoagulation remains an essential treatment for patients with AF regardless of whether or not
they undergo the ablation. Anemia is often encountered in subjects with AF who are on anticoagulant
treatment with direct oral anticoagulants (DOACs) in clinical practice [2]. To date, preexisting anemia is
not considered a predictor of major hemorrhagic complications during the periablation period [3]. Still, there
is concern about further blood loss due to the ablation procedure in anemic patients since it requires an
insertion of several large-diameter vascular sheaths and intense intraprocedural anticoagulation with heparin
[3]. We then in the present study sought to investigate whether there was a difference in blood loss following
AF ablation between patients with and without preexisting anemia.

Methods

Patients
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This is a retrospective and multicenter study of the impact of preexisting anemia on
the post-procedural hemoglobin drop following AF ablation. The databases　of　AF abla-
tion　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 AF patients with or without preexisting
anemia were considered eligible for inclusion if they underwent a radiofrequency-based pulmonary vein
isolation for the first time, and a single dose of rivaroxaban, apixaban, edoxaban, or dabigatran had
been skipped prior to their 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. For risk stratification of thromboembolisms and bleedings, the
CHA2DS2-VASc [4] and ORBID [5] scores were calculated in all patients.

Definition of anemia

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.

Anemia was diagnosed when the hemoglobin level was <13 g/dL in men and <12 g/dL in women [6]. Causes
of anemia were based on the reports from referring physicians, if any.

Oral anticoagulation regimens

The following 4 DOACs had been prescribed at least 4 weeks before the ablation: rivaroxaban, apixaban,
edoxaban, and dabigatran. 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 [7] or landmark trials [8-10], the standard
doses of apixaban, edoxaban, and dabigatran were determined as 5 mg BID, 60 mg OD, and 150 mg BID,
respectively. A landmark trial [11] and the guidelines [7] recommend a 20 mg OD as a standard dose for
rivaroxaban. However, based on the J-ROCKET AF trial [12] 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 patients had a creatinine clearance of [?]50 ml/min [12]. 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 [7,8]. 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 [7,9]. To date, there is no pre-specified dose-reduction criteria for
dabigatran [7]. 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 [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 [3]. 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 activated
clotting time (ACT) of 300-350 sec, if necessary. The ACT was checked at 15-minute intervals 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
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extensive encircling pulmonary vein antrum isolation performed in this study have been described previously
[14]. 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 [3].

Endpoints

The subcommittee on control of anticoagulation of the Scientific and Standardization committee of the
International Society on Thrombosis and Haemostasis [15] recommends that bleeding causing a fall in the
hemoglobin level of 2 g/dL or more meets the criteria for major bleeding. Based on this recommendation,
a fall in the hemoglobin level from baseline of [?]2 g/dL 24 hours after the ablation was determined as
the primary endpoint, regardless of whether or not any overt bleeding was seen. The secondary endpoints
included major or minor bleeding complications. Major bleeding complication was defined as the occurrence
of cardiac tamponade, hematoma requiring intervention, hemothorax, or retroperitoneal bleeding. Minor
bleeding complications were defined as hematoma or any bleeding that did not require any intervention or a
prolonged hospital stay [16].

Statistical analysis

The continuous variables are summarized as the means+-SD, and categorical variables as proportions. The
differences between the patients with and without preexisting anemia were examined with the use of Pearson
Chi-Square test or Fisher’s exact test for categorical variables, or Student t-test or Mann-Whitney U test
for continuous variables. Univariate and multivariate logistic regression models were used to determine the
factors independently associated with the primary endpoint. Likely parameters were included as explanatory
variables in the univariate models. For some continuous variables included in the models, the cut-off points
were determined according to their upper or lower normal limits, otherwise, the medians. Variables with a
P value of <0.1 in the univariate analyses were further included in the multivariate models. 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, 476 patients met the exclusion criteria; 21
with an inadequate dose reduction of DOACs, 285 with afternoon procedures, 201 with adjunctive ablation
procedures including 78 cavotricuspid isthmus ablations, 69 linear lesions, 32 superior vena cava isolations,
and 42 non-pulmonary vein trigger ablations. We thus finally studied 1163 patients. We found 183 (15.7%)
patients with preexisting anemia, whose hemoglobin levels were 12+-0.9 g/dL in males and 11.2+-0.6 g/dL
in females. No patients with severe anemia with a hemoglobin level of <9.0 g/dL were noted. Patients
with preexisting anemia were older, smaller, and more likely to be female than those without. The anemic
patients had a more decreased estimated glomerular filtration ratio, more increased D-dimer level, and
greater CHA2DS2-VASc and ORBIT scores. The anemic patients were more likely to be prescribed with
apixaban and a reduced dose of DOACs, and were less likely to be given dabigatran (Table 1). Although
the etiology of the preexisting anemia had not been investigated in the majority of anemic patients at the
referring clinics, renal insufficiency and iron deficiency were the dominant causes (Table 2).

Intraprocedural data

The average and maximum ACT were shorter in patients with preexisting anemia than in those without,
and there was a trend toward a longer time from the initial heparin injection to the first achievement of the
target ACT in the anemic patients. No difference was noted between the patient groups in the procedural
duration and procedural heparin requirement (Table 3).
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Fall in the hemoglobin level

The reduction in the hemoglobin level (-0.39+-0.71 vs. -0.93+-0.9 g/dL; P <0.001) and its % reduction
(-3.3+-6.1 vs. -6.3+-6.1 %; P <0.001) were smaller in the patients with preexisting anemia than in those
without (Figure 1). A fall in the hemoglobin level of [?]2 g/dL was less common in anemic patients (Figure
2). A female gender, persistent or longstanding persistent versus paroxysmal AF, and ORBIT score [?]3 were
found to be independently and positively associated with, and preexisting anemia was negatively associated
with, the fall in the hemoglobin level of [?]2 g/dL (Table 4).

Complications

We encountered 3 (1.6%) and 12 (1.2%) major bleeding complications in patients with and without pre-
existing anemia, respectively, and found no difference in the frequency of major and minor hemorrhagic
complications between the groups (Table 5). Ischemic stroke was noted in 2 patients without preexisting
anemia. No other serious complications including death were encountered in the entire study subjects.

Discussion

Major findings

The major findings of the present study were twofold. (1) A reduction in the hemoglobin level following
AF ablation was rather smaller in the anemic patients, and preexisting anemia was an independent negative
predictor of a fall in the hemoglobin level of [?]2 g/dL. (2) Preexisting anemia did not increase the procedural
bleeding complications.

New anemia paradox

Anemia is known as one of the risk factors of major bleeding in subjects treated with antithrombotic agents
[5,17-19]. Our findings thus seem to be contradictory. Would the present study be “heretical”? There are 2
studies with a large number of participants that reported similar findings to ours [19,20], where subjects with
anemia at baseline had a smaller hemoglobin drop following coronary or peripheral vascular interventions
compared to those without. The authors did not provide any comments on this paradoxical finding, though.
What is the mechanism? It is well-known that thalassemia, sickle cell disease, and other hemolytic anemias
can cause thromboembolic events [21]. The same can be said for more common types of anemia. For
instance, anemia was found to be an independent predictor of myocardial infarction and stroke in the RE-
LY trial substudy [18]. A tight link between iron deficiency anemia and venous thrombosis or ischemic
stroke has been repeatedly reported in adults and children [22-24]. The proposed mechanisms behind the
hypercoagulability in anemia include (1) reactive thrombocytosis [23,25,26], (2) erythropoietin-mediated
platelet hypersensitivity [26], (3) endothelial damage caused by increased blood flow to compensate for an
oxygen deficiency [25.26], or (4) increased blood viscosity due to a morphological change in the erythrocytes
[25,26]. Let us look at our data regarding blood tests and intraprocedural anticoagulation. The D-dimer level
at baseline was higher in the anemic patients. Their procedural ACT was lower, and they had a tendency
to require a longer time to achieve the target ACT, despite a similar amount of heparin given compared to
non-anemic patients. These findings may indicate the potential increased coagulability in anemic subjects,
and it might have been rather advantageous for reducing the blood loss.

Again, there is a consensus that anemia increases bleeding complications in antithrombotic therapy. Why did
not this anemia’s aspect come to the fore in the present study? In general, anemia itself is not the cause but
the effect of bleeding as long as no anticoagulants are on board. Accordingly, anemia must not increase the
risk of bleeding once the anticoagulants are withdrawn. In our series, patients skipped a single dose of their
DAOC prior to the ablation, and thus, their remaining anticoagulant effect was probably vanishingly small
during the procedure, thanks to their short half-lives [7]. Therefore, the bleeding risk in anemic patients
might have been the same as that in the non-anemic patients during the procedure. On the other hand,
the potential hypercoagulable state caused by anemia must have remained, and consequently the anemia’s
hypercoagulable aspect may have come to the front, instead. An alternative likely explanation is that the
operators might have been more careful not to lose blood in the patients with preexisting anemia, which
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perhaps may not appear in any data. Consequently, this operator’s effort might have done more than just
cancel out the higher bleeding risk of anemic patients.

Clinical implications

Importantly, our findings never suggest any superiority of anemic over non-anemic subjects in reducing
the procedural blood loss or bleeding complications. However, the findings might offer encouragement to
operators who hesitate to ablate AF patients with mild anemia.

Limitations

We only studied patients with rather mild anemia. Accordingly, whether or not our findings are the case
with severe anemia is unknown. Once again, the etiology of anemia was not investigated in the majority of
anemic patients. Finally, the present study is a retrospective one.
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None declared.
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Figure legends

Figure 1.

Change (A) and percent change (B) in the hemoglobin level before and 24 hours after the atrial fibrillation
ablation. Horizontal lines indicate the means.

Figure 2.

Number of patients with a hemoglobin fall 24 hours after the atrial fibrillation ablation of [?] 2 g/dL.
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