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Abstract
Background  In patients with atrial fibrillation (AF) and normal or slightly impaired renal function, the use of direct oral 
anticoagulants (DOACs) is preferable to vitamin K antagonists (VKAs). However, in patients undergoing hemodialysis, the 
efficacy, and safety of DOACs compared with VKAs are still unknown.
Purpose  To review current evidence about the safety and efficacy of DOACs compared to VKAs, in patients with AF and 
chronic kidney disease under hemodialysis.
Methods  We systematically searched PubMed, Scopus, and Cochrane databases for RCTs comparing DOACs with VKAs 
for anticoagulation in patients with AF on dialysis therapy. Outcomes of interest were: (1) stroke; (2) major bleeding; (3) 
cardiovascular mortality; and (4) all-cause mortality. Statistical analysis was performed using RevMan 5.1.7 and heterogene-
ity was assessed by I2 statistics.
Results  Three randomized controlled trials were included, comprising a total of 383 patients. Of these, 218 received DOACs 
(130 received apixaban; 88 received rivaroxaban), and 165 were treated with VKAs (116 received warfarin; 49 received 
phenprocoumon). The incidence of stroke was significantly lower in patients treated with DOACs (4.7%) compared with 
those using VKAs (9.5%) (RR 0.42; 95% CI 0.18–0.97; p = 0.04; I2 = 0%). However, the difference was not statistically sig-
nificant in the case of ischemic stroke specifically (RR 0.42; 95% CI 0.17–1.04; p = 0.06; I2 = 0%). As for the major bleeding 
outcome, the DOAC group (11%) had fewer events than the VKA group (13.9%) but without statistical significance (RR 
0.75; 95% CI 0.45–1.28; p = 0.29; I2 = 0%). There was no significant difference between groups regarding cardiovascular 
mortality (RR 1.23; 95% CI 0.66–2.29; p = 0.52; I2 = 13%) and all-cause mortality (RR 0.98; 95% CI 0.77–1.24; p = 0.84; 
I2 = 16%).
Conclusion  This meta-analysis suggests that in patients with AF on dialysis, the use of DOACs was associated with a sig-
nificant reduction in stroke, and a numerical trend of less incidence of major bleeding compared with VKAs, but in this case 
with no statistical significance. Results may be limited by a small sample size or insufficient statistical power.

Keywords  Chronic kidney disease · Hemodialysis · Atrial fibrillation · Direct oral anticoagulants · Vitamin K 
antagonists
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Abbreviations
ACC/AHA	� American College of Cardiology, American 

Heart Association
AF	� Atrial Fibrillation
CKD	� Chronic Kidney Disease
DOAC	� Direct Oral Anticoagulant
HD	� Hemodialysis
HF	� Heart Failure
ISTH	� International Society on Thrombosis and 

Hemostasis
OAC	� Oral Anticoagulant
VKA	� Vitamin K Antagonist

Introduction

Atrial fibrillation (AF) is the most frequent sustained 
arrhythmia, with its prevalence in the general population 
estimated between 0.5% and 1% [1, 2]. Chronic kidney dis-
ease (CKD) is one independent risk factor for presenting 
AF and for suffering a thromboembolic event. These risks 
are further amplified in individuals undergoing hemodialy-
sis (HD), who also exhibit a high baseline bleeding risk [3]. 
However, there is no consensus regarding the appropriate 
use of anticoagulation in this specific population [4, 5].

The American College of Cardiology (ACC)/American 
Heart Association (AHA) guidelines for management of AF 
in CKD cases suggest the use of direct oral anticoagulants 
(DOACs) can be useful in CKD stage 4 patients, despite the 
lack of data on their safety, effectiveness, and specific dos-
ing recommendations [6]. Although vitamin K antagonists 
(VKAs) are the most widely used in patients with normal or 
slightly impaired renal function, their application for stroke 
prevention in patients with AF on dialysis remains contro-
versial. Notably, most trials excluded patients on dialysis, 
further complicating the understanding of the applicabil-
ity of DOACs in this specific population [7]. In addition, 
current data suggest that in patients with renal impairment, 
warfarin may not promote a thromboembolic risk reduction 
to the same extent as in patients without CKD [8]. Thus, 
the lack of high-quality evidence for both types of oral anti-
coagulants in the dialysis population has resulted in large 
practice variability and physician uncertainty.

Data from RCTs showed that DOACs were non-inferior 
to warfarin concerning the risk of thromboembolic events in 
patients without severe kidney disease [6, 9]. However, as 
DOACs have varying degrees of renal clearance (edoxaban 
at 50% of the absorbed dose, rivaroxaban at 35%, and apix-
aban at 27%), it is unclear whether their clinical benefits 
extend to the long-term dialysis population [6, 8, 10]. Cur-
rently, there are a few randomized controlled trials (RCTs) 
about the use of vitamin K antagonists (VKAs) or DOACs 

in HD patients [11–13]. The three, which integrated our 
analysis, compared rivaroxaban or apixaban with warfarin 
or phenprocoumon, showing non-inferiority from DOACs 
to VKAs.

A recent meta-analysis with data from observational and 
randomized studies demonstrated that in dialysis patients 
who need anticoagulation for AF, warfarin might be associ-
ated with a significant reduction in rates of minor bleeding, 
systemic embolization, and death compared with DOACs 
[14].

Considering this controversy and the lack of adequately 
powered RCTs in this population, we aimed to perform a 
meta-analysis including only randomized controlled trials 
that evaluate the efficacy and safety of DOAC compared 
with VKA treatment in patients with AF and CKD, specifi-
cally in the population on dialysis therapy.

Methodology

Eligibility criteria

Inclusion in this meta-analysis was restricted to studies 
that met the following eligibility criteria: (1) randomized 
controlled trials; (2) comparing DOAC with VKA; and (3) 
enrolling patients with chronic kidney disease on dialysis 
therapy. Furthermore, studies were only included if they 
reported any clinical outcomes of interest. We excluded 
studies with (1) no control group; (2) VKA or DOAC treat-
ment in both groups; (3) enrolling patients with chronic 
kidney disease without dialysis treatment; or (4) overlap-
ping patient populations, that is, studies that reported results 
referring to the same sample group already reported in the 
present review.

Search strategy and data extraction

We systematically searched PubMed, Scopus, and Cochrane 
Central Register of Controlled Trials from inception to 
March 2023 with the following search terms: “atrial fibril-
lation”, “direct oral anticoagulation”, “novel oral antico-
agulation”, “DOAC”, “NOAC”, “factor Xa inhibitors”, 
“dabigatran”, “rivaroxaban”, “apixaban”, “edoxaban”, 
“betrixaban”, “hemodialysis”, “end-stage kidney disease”, 
“chronic kidney disease”, and “renal replacement therapy”. 
The references from all included studies, previous system-
atic reviews, and meta-analyses were also searched manu-
ally for any additional studies. Two authors (L.L. and C.S.) 
independently extracted the data following predefined 
search criteria and quality assessment. The prospective 
meta-analysis protocol was registered on PROSPERO on 
April 03, 2023, under protocol CRD42023410113.
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Endpoints and subanalyses

Outcomes included all-cause mortality, cardiovascular (CV) 
death, stroke, and ischemic stroke. The safety outcome of 
interest was major bleeding. Major bleeding was defined 
according to the International Society on Thrombosis and 
Hemostasis (ISTH) criteria in Pokorney and Reinecke’s 
studies [12, 13]. In De Vriese’s, the authors divided the 
major bleeding ISTH definition into “Life-threatening 
bleeding” and “major bleeding” (Online Resource 1) [11].

One study also randomized a group of patients to analyze 
rivaroxaban 10 mg daily with a vitamin K supplement [11]. 
Due to this, we performed a subgroup analysis comparing 
VKA therapy with DOACs only (without the arm using 
vitamin K2).

Quality assessment

We evaluated the risk of bias using version 2 of the Cochrane 
Risk of Bias assessment tool (RoB-2) [15]. Two indepen-
dent authors completed the risk of bias assessment (L.L. and 
M.F.). The authors resolved disagreements through consen-
sus after discussing reasons for discrepancy.

Statistical analysis

This systematic review and meta-analysis were performed 
and reported following the Cochrane Collaboration Hand-
book for Systematic Review of Interventions and the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis (PRISMA) Statement guidelines [16, 17]. 
Relative risk (RR) with 95% confidence intervals were used 
to compare treatment effects for categorical endpoints. Con-
tinuous outcomes were compared with standardized mean 
differences. We assessed heterogeneity with I2 statistics and 
the Cochran Q test; p-values < 0.1 and I2 > 25% were con-
sidered significant for heterogeneity. We used a fixed-effect 
model for outcomes with low heterogeneity (I2 < 25%). 
Otherwise, a DerSimonian and Laird random-effects model 
was used. Review Manager 5.4.1 (Cochrane Center, The 
Cochrane Collaboration, Denmark) was used for statistical 
analysis.

Results

Study selection and baseline characteristics

The initial search yielded 5936 results. After removing 
duplicate records and ineligible studies, we reviewed the 
title and abstract of 4063 studies, 20 remained and were 
fully reviewed based on inclusion criteria (Fig. 1). Of those, 

3 RCTs were included, comprising a total of 383 patients. 
DOACs were used in 218 patients (130 received apixaban; 
88 received rivaroxaban, of which 42 also used vitamin K2), 
and 165 were treated with VKAs (116 received warfarin; 
49 received phenprocoumon). Baseline characteristics were 
comparable between groups. The target international nor-
malized ratio (INR) in the VKA group was set at a range 
of 2.0–3.0 across all included studies. The follow-up period 
ranged from 330 days to 660 days. Studies characteristics 
are reported in Table 1.

In De Vriese et al., 10 mg of rivaroxaban was adminis-
tered daily. In Pokorney et al., the usual apixaban dosage 
was 5 mg twice a day, however, patients who were 80 years 
of age or older, or who weighed 60  kg or less, received 
2.5  mg twice a day. In Reinecke et al., 2.5  mg of apixa-
ban was administered twice a day. Reinecke et al. claims 
that this dosage regimen was developed using data from 
an unpublished pharmacokinetic research that estimated 
the lower dose of apixaban in that particular population 
and revealed plasma levels that were comparable to those 
advised for individuals without renal impairment [11–13].

Pooled analyses of all studies

In those receiving DOAC, the incidence of stroke was sig-
nificantly lower (4.7%) when compared to the VKA group 
(9.5%) (RR 0.42; 95% CI 0.18–0.97; p = 0.04; I2 = 0%) 
(Fig. 2a). In the case of ischemic stroke, there was no statis-
tically significant difference between the groups (RR 0.42; 
95% CI 0.17–1.04; p = 0.06; I2 = 0%) (Fig. 2b).

The reported major bleeding events had a similar inci-
dence between DOACs (11%) and VKA (13.9%) groups 
(RR 0.75; 95% CI 0.45–1.28; p = 0.29; I2 = 0%) (Fig. 3a). 
There was also no statistically significant difference between 
the therapies in terms of cardiovascular mortality (RR 1.23; 
95% CI 0.66–2.29; p = 0.52; I2 = 13%) (Fig.  3b) and all-
cause mortality (RR 0.98; 95% CI 0.77–1.24; p = 0.84; 
I2 = 16%) (Fig. 3c).

Subgroup analyses

As shown in Supplemental Figs. 1 and 2 (Online Resources 
2 and 3), when comparing VKA therapy with DOACs only 
(without the arm using vitamin K2), there was no signifi-
cant difference in terms of stroke (RR 0.51; 95% CI 0.20–
1.31; p = 0.16; I2 = 0%) (Supplemental Fig.  1a), ischemic 
stroke (RR 0.50; 95% CI 0.18–1.33; p = 0.17; I2 = 0%) 
(Supplemental Fig. 1b), major bleeding (RR 0.82; 95% CI 
0.47–1.43; p = 0.48; I2 = 0%) (Supplemental Fig.  2a), and 
mortality outcomes (Supplemental Fig. 2b and c).
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Discussion

To the best of our knowledge, this is the most recent meta-
analysis of RCTs evaluating the efficacy and safety pro-
files of DOACs vs. VKAs as anticoagulation strategies for 
patients with AF undergoing hemodialysis. In this system-
atic review and meta-analysis, we included 3 RCTs, totaliz-
ing 383 patients enrolled. The result showed that: (1) stroke 
incidence was reduced in DOACs group when compared 
with VKAs; (2) DOACs were as effective as VKAs in the 
prevention of (3) ischemic stroke and (4) major bleeding; 
and (5) there was no difference between both therapy strate-
gies in terms of cardiovascular death or all-cause mortality.

In the most extensive study included, the RENAL-AF 
trial, with 154 patients, Pokorney et al. found no significant 

Quality assessment

The Cochrane RoB-2 tool was used to assess both RCTs and 
indicated a low risk of bias for the trials [15]. The appraisal 
of RCTs is reported in Supplemental Table 2 (Online 
Resource 4). Patients and investigators were unblinded in 
all RCTs. The studies of Pokorney et al. and Reinecke et 
al. used the prospective, randomized, open-label, blinded-
outcome evaluation (PROBE) [12, 13].

Fig. 1  PRISMA flow diagram of 
study screening and selection
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difference between both groups: apixaban 5 mg vs. warfa-
rin (2,4% vs. 2,8% in the occurrence of stroke). Mortality 
occurred in 1 out of 5 patients, and bleeding was greater 
than ischemic events in the group using DOACs, drawing 
attention to the risk-benefit of anticoagulation in this pool of 
patients. However, half of the bleeding events was related 
to local complications at the venous access site to HD [12]. 
The AXADIA-AFNET 8 study, from Reinecke and col-
laborators, similarly to RENAL-AF, showed no significant 
difference in mortality, ischemic, or bleeding events using 
apixaban 2.5  mg BID compared with phenprocoumon. 
Almost 23% of all patients enrolled died, 11% had major 
bleeding, and there was only one stroke [13]. De Vriese 
et al. demonstrated in the Valkyrie study that rivaroxaban 
10 mg reduced the fatal and non-fatal cardiovascular events 
- mainly at the expense of lower limb ischemia - as well 
as reduced major and life-threatening bleeding when com-
pared with warfarin [11].

This meta-analysis clarifies some of the results from the 
studies. The incidence of ischemic stroke in DOACs group 
(3.2%) was numerically lower compared with the group 
taking warfarin (6.1%), but showed no significant statisti-
cal difference. Although, it is possible that the fewer num-
ber of events reported in the sample size analyzed might 
have reduced statistical power in these results. In terms of 
major bleeding events, the incidence was also not signifi-
cantly different between groups. It is important to note that 
the number of bleeding events in both groups was substan-
tially relevant, compared to the number of ischemic events 
(61 and 20, respectively), reinforcing the need for more data 
about this outcome in this context of patients. Cardiovas-
cular death and all-cause mortality in previous studies such 
as ARISTOTLE, ENGAGE AF-TIMI 48, and RE-LY, was 
similar between DOAC and warfarin treatments, which is 
in accordance to our study results that showed no signifi-
cant difference between the two groups regarding those out-
comes [18–21].

Similar findings to ours were recently reported in a meta-
analysis by Faisaluddin et al. [22]. However, their analysis 
lacked a subgroup assessment for ischemic stroke and car-
diovascular mortality outcomes. Furthermore, they chose 
not to analyze the full population of De Vriese’s study. While 
Faisaluddin et al. did analyze minor bleeding and gastroin-
testinal bleeding outcomes, which we did not assess, their 
results did not demonstrate statistical significance.

In order to assess the consistency of the results, a sub-
group analysis was performed excluding the patients tak-
ing vitamin K supplementation in the Valkyrie study. The 
same trend as the previous results were observed, with no 
significant difference in all outcomes analyzed. However, 
the lower number of events brings the possibility of not hav-
ing achieved sufficient statistical power in those results. It 
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similarly, for major bleeding events, the risk was signifi-
cantly lower with apixaban (no difference between the two 
doses), with a 28% reduction, similar to the ARISTOTLE 
study findings [19], except for intracranial hemorrhage, 
with no difference in the cohort; regarding mortality, the rate 
of events was higher with warfarin, but without statistical 
significance.

A previous meta-analysis of observational studies com-
paring oral anticoagulants (OAC) with no anticoagulation 
in HD patients showed that OACs were not associated with 
a reduced risk of thromboembolism, while VKAs and riva-
roxaban were associated with significantly higher bleeding 
risk compared with apixaban and no anticoagulant [28]. 
Also, a meta-analysis published in 2022 by Elfar et al. 
brought data from 5 studies, among them 3 observational 
studies and 2 RCTs, showing that warfarin may be associ-
ated with reduced rates of minor bleeding, systemic embo-
lism, and death in HD patients with HF when compared 
with DOACs [14]. Both studies investigated larger popula-
tions than ours, which might have impacted the contrast-
ing findings compared to our analysis. Nonetheless, in both 
studies, the majority of analyzed outcomes displayed sig-
nificant variability, without any observed statistical signifi-
cance. Additionally, observational studies are susceptible to 
confounding bias and can establish associations but not cau-
sality. Patients with AF and end-stage/dialysis CKD were 
excluded from reference trials concerning stroke prevention 
with DOAC in patients with AF.

is essential to mention that even though some patients had 
the supplementation, De Vriese et al. found no difference 
between the groups regarding vascular calcification [11].

The FDA and ACC/AHA recent guidelines state that 
using apixaban may be reasonable in dialysis-dependent 
patients with AF. In this case, the recommended dose is 
apixaban 2.5 mg twice daily since the dose of 5 mg twice a 
day, permitted by the FDA, has been associated with supra-
therapeutic levels [6, 23, 24]. Furthermore, pharmacokinetic 
studies showed that a dose of rivaroxaban 10 mg daily in 
HD patients is appropriate, while the FDA also allows riva-
roxaban 15 mg QD in this population [25, 26]. However, 
there are not robust data on those aspects of treatment for 
this specific population.

Previously, two large retrospective cohorts evaluated 
comparative results between apixaban and warfarin in 
dialysis patients with non-valvular atrial fibrillation, based 
on the United States Renal Data System [24, 27]. The most 
extensive observational studies included more than 25,000 
patients who started treatment with oral anticoagulation 
between 2010 and 2015, with 91% using warfarin and 9% 
using apixaban (approximately, almost equally divided 
between a dose of 5 mg twice a day and a dose of 2.5 mg 
twice a day). Each patient using apixaban was matched 
with three patients using warfarin: for risk of stroke or sys-
temic embolism, although a slightly higher event rate was 
found in the DOAC group (compared to the lower dose, the 
higher was associated with reductions in thromboembolic 
risk and mortality), there was no difference between groups; 

Fig. 2  a: Stroke was significantly lower in patients treated with 
DOACs (P = 0.04). b: The incidence of ischemic stroke was not signif-
icantly different between groups (P = 0.06). CI = confidence interval; 

M-H = Mantel-Haenszel method; DOAC = direct oral anticoagulant; 
VKA = vitamin K antagonist
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45.1% and 54%, respectively [30–32]. Likewise, in all stud-
ies analyzed, especially in RENAL-AF, the TTR was below 
the recommended value, denoting a greater probability of 
hemorrhagic or thrombotic adverse events and the appar-
ent difficulty in delivering an anticoagulation therapy using 
VKA in patients on hemodialysis, as also observed in the 
2 other randomized trials. Consequently, the potential ben-
efits of warfarin might not be evident among hemodialysis 
patients, partly due to their suboptimal TTRs.

It is relevant to mention that in patients using VKA, 31.8% 
discontinued anticoagulation, rising to 42.9% if only treatment-
naïve individuals are considered, which may reflect the diffi-
culty in terms of dosage and pharmacokinetic stability when 
compared to DOACs [11]. Another important limitation of the 
studies is the absence of a group without the use of oral antico-
agulants, thereby hindering a more comprehensive evaluation 

Some aspects of the trials included in this analysis should 
be highlighted. In the RENAL-AF trial, the study was ter-
minated early and presented a slow recruitment and limited 
resources, which resulted in a short time with the INR in the 
therapeutic range (TTR) using warfarin (44.3%) [12]. In the 
case of the AXADIA-AFNET 8 Study, the TTR was 50.7% 
and the adherence in the apixaban group was greater than 
80%, similar to that found in other 2 studies [13]. While 
in De Vriese et al. the TTR was 48%, with a longer sub-
therapeutic INR time [11]. Regarding this assessment of 
the quality of anticoagulation monitoring, a TTR value of 
at least 60% is recommended for adequate control of the 
use of warfarin [29]. However, in the case of hemodialy-
sis patients using warfarin, the limited evidence available 
shows that their TTR tends to be lower compared to the gen-
eral population, with only two retrospective studies and one 
prospective study available, which reported TTRs of 49.2%, 

Fig. 3  a: The incidence of major bleeding was similar between the 
groups (P = 0.29). b: There was no difference in all-cause mortality 
between the OACs therapies (P = 0.84). c: DOAC and VKA groups 
show no significant differences related to CV death (P = 0.52). 

CI = confidence interval; M-H = Mantel-Haenszel method; OAC = oral 
anticoagulant; DOAC = direct oral anticoagulant; VKA = vitamin K 
antagonist
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