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Abstract

Background: Only small randomized trials have investigated the efficacy and safety of

direct oral anticoagulants (DOACs) compared with vitamin K antagonists (VKAs) in

patients with non–valvular atrial fibrillation (NVAF) and end-stage kidney disease.

Objectives: To perform a systematic review and meta-analysis comparing anti-

coagulation with DOACs to VKAs in patients with NVAF undergoing chronic

hemodialysis.

Methods: A systematic search using Medline, Web of Science, and Embase was per-

formed. All randomized trials comparing DOACs with VKAs in patients with NVAF

undergoing chronic hemodialysis were included. As primary endpoint, we analyzed all-

cause mortality. As secondary endpoints, we investigated total bleeding events, life-

threatening or major bleeding events, and thromboembolic events or stroke. We

used the odds ratio as outcome measure and fitted a random-effects model due to the

expected heterogeneity.

Results: Three studies fulfilled the inclusion criteria comprising 383 patients (218 on

apixaban or rivaroxaban, 165 on VKA). No significant difference between DOACs and

VKAs regarding death (OR, 0.94; 95% CI, 0.55-1.63; p = .84), total bleedings (OR, 0.99;

95% CI, 0.63-1.54; p = .96) and life-threatening or major bleeding (OR, 0.65; 95% CI,

0.32-1.33, p = .24) was detected. There was a trend toward a reduction of thrombo-

embolic events or stroke in patients receiving DOACs (OR, 0.39; 95% CI, 0.14-1.05;

p = .06).

Conclusion: Orally administered activated factor X inhibitors carried a similar risk of

bleeding and death when compared with VKAs in patients with NVAF undergoing

chronic hemodialysis. Moreover, there was a trend towards a reduction of thrombo-

embolic events or stroke in patients receiving DOACs.
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Essentials

• The clinical profile of direct oral anticoagulants (DOACs) in hemodialysis patients is unknown.

• We performed a meta-analysis to determine the clinical profile of DOACs in hemodialysis patients.

• DOACs carried a similar risk of bleeding and death compared with Vitamin K antagonists.

• There was a trend toward a reduction of stroke in patients receiving DOACs.
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1 | INTRODUCTION

Direct oral anticoagulants (DOACs) are predominantly prescribed in

patients with non–valvular-atrial fibrillation (NVAF) at an increased

risk of stroke or systemic embolization and in patients with venous

thromboembolism (VTE) to prevent thromboembolic events [1,2]. Due

to their high efficacy, a more predictable mode of action at fixed

dosages, and a better safety profile with less intracranial bleedings,

DOACs have replaced vitamin K antagonists (VKAs) as preferred oral

anticoagulants in most patients with the above-mentioned indications

[3,4]. However, all phase III pivotal trials comparing DOACs to VKAs

in patients with NVAF and VTE excluded patients with advanced

chronic kidney disease (CKD) and a glomerular filtration rate (GFR)

<25 mL/min/1.73 m2 [5–13]. Accordingly, data concerning DOACs in

patients with severe CKD are scarce.

However, official licensing differs between Europe and the United

States (US): in Europe, the direct thrombin inhibitor dabigatran with

its high renal excretion rate is contraindicated in patients with a GFR

<30 mL/min/1.73 m2, while activated factor X (FXa) inhibitors should

not be prescribed in patients with a GFR <15 mL/min/1.73 m2 and in

those with end-stage kidney disease (ESKD) requiring hemodialysis

[3,14]. Conversely, in the US, apixaban and rivaroxaban are also

approved for use in patients with ESKD, and dabigatran is available at

a reduced dose of 75 mg for patients with a GFR of 15 to 30 mL/min/

1.73 m2 [15–17].

Since the risk of thromboembolic events in atrial fibrillation in-

creases with decreasing GFR and ESKD itself carries a particularly

pronounced bleeding risk as well as the possibility of cumulative drug

effects, the optimal choice of oral anticoagulation is of utmost

importance in these patients [18–20]. Randomized data on DOACs in

patients with NVAF undergoing hemodialysis have been lacking until

recently. Nevertheless, many patients with NVAF undergoing hemo-

dialysis already received DOACs as an alternative to VKA due to an

anticipated superior safety profile [21]. Although some observational

data demonstrated a reduction in the number of bleeding events in

patients with ESKD receiving DOACs, particularly for apixaban, this

approach was not supported by randomized trials [21].

Recently, several randomized clinical trials investigated the use of

the FXa inhibitors apixaban and rivaroxaban versus VKAs at an in-

ternational normalized ratio (INR) target of 2 to 3 in patients with

ESKD undergoing chronic hemodialysis with NVAF [19,22,23]. How-

ever, these trials only included small patient numbers and were un-

derpowered to draw any definite conclusions. The RENAL-AF

(Apixaban for Patients with Atrial Fibrillation on Hemodialysis: A
Multicenter Randomized Controlled Trial) study included 154 hemo-

dialysis patients randomly assigned to receive either 5 mg of apixaban

twice daily (2.5 mg twice daily for patients ≥80 years of age, weight

≤60 kg, or both) or dose-adjusted warfarin [19]. The AXADIA-AFNET

8 (A Randomized Controlled Trial Comparing Apixaban With the

Vitamin K Antagonist Phenprocoumon in Patients on Chronic He-

modialysis) study comprised 97 patients with ESKD and NVAF, who

were randomly assigned to receive either 2.5 mg of apixaban twice

daily or phenprocoumon [23]. The VALKYRIE (Safety and Efficacy of

VKAs versus Rivaroxaban in Hemodialysis Patients with Atrial Fibril-

lation: A Multicenter Randomized Controlled Trial) study found that a

reduced dose of rivaroxaban significantly decreased the primary

composite endpoint of fatal and nonfatal cardiovascular events as well

as the composite of life-threatening and major bleeding complications

compared with VKAs in 132 hemodialysis patients [22].

In order to allow a better estimation of the benefit-risk ratio, we

decided to perform a systematic review and meta-analysis of trials

comparing DOACs to VKAs in patients with NVAF undergoing chronic

hemodialysis.
2 | METHODS

2.1 | Reference search and study selection

For this analysis, we followed the recommendations of the Preferred

Reporting Items for Systematic Reviews and Meta-analyses state-

ment. The meta-analysis was registered in PROSPERO (ID:

CRD42023444989). We performed a systematic search on Medline,

Web of Science, and Embase until July 2, 2023, using the following

terms and keywords: atrial fibrillation AND (apixaban OR edoxaban

OR dabigatran OR rivaroxaban) AND (hemodialysis OR hemodialysis)

AND (vitamin K antagonist OR vitamin K antagonist OR warfarin OR

phenprocoumon). All randomized trials comparing DOACs with VKAs

in patients with NVAF undergoing chronic hemodialysis were

included. We used the revised Cochrane Collaboration’s tool to assess

the bias risk in the eligible trials [24].

Only studies published in English and performed on human sub-

jects were included. Two independent investigators evaluated the

studies by screening all retrieved titles and abstracts, and all full-text

articles were checked for other relevant studies and trials. Data

extraction was performed via a predefined data recording form:

author data, year of publication, number of included patients, data on

study medication, endpoints, and patient characteristics.
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2.2 | Endpoints

As the primary endpoint, we analyzed all-causemortality. As secondary

endpoints, we investigated total bleeding events, major or life-

threatening bleeding events, and thromboembolic events or stroke. In

VALKYRIE, bleeding events were stratified into life-threatening

bleedings (fatal bleedings; symptomatic intracranial bleedings; a

decrease in hemoglobin≥5g/dL; need for transfusion of≥4 blood units,

inotropic agents, or surgery),major bleedings (a decrease in hemoglobin

≥2 g/dL; need for transfusion of ≥2 blood units and not fulfilling the

criteria for life-threatening bleeding), andminor bleedings, definedas all

other bleedings [22]. In RENAL-AF, bleeding events were major

bleedings (a decrease in hemoglobin≥2 g/dL; need for transfusion of≥2
blood units; bleeding within a critical site), or clinically relevant

nonmajor bleedings (bleeding resulting in hospital admission, physician-

guided medical or surgical treatment or change in antithrombotic

therapy) [19]. InAXADIA-AFNET, 8 bleeding eventswere characterized

asmajor bleeding events (fatal bleeding; a decrease in hemoglobin≥2 g/
dL; need for transfusion of≥2 blood units; bleedingwithin a critical site)

or clinically relevant nonmajor bleedings (bleeding resulting in hospital

admission, physician-guidedmedical or surgical treatment, or change in

antithrombotic therapy) [23].
2.3 | Statistical analysis

The odds ratio was used as the outcome measure, and a random-

effects model was applied to the data as heterogeneity was ex-

pected. We used the DerSimonian-Laird estimator (ie, Tau2) to assess

heterogeneity and report the Q-test for heterogeneity (Chi2) and the

I2 statistic. We used the studentized residuals and Cook’s distances to

check for outliers and/or influential data in the context of the model.

Outliers were defined as a studentized residual larger than the

100×(1-0.05/(2×k))th percentile of a standard normal distribution.

Influential studies were defined as a Cook’s distance larger than the

median plus 6 times the interquartile range of the Cook’s distances.

No indication of outliers was detected for any model by using stu-

dentized residuals. Publication bias was not assessed based on the low

number (<10) of included studies. For our analyses, we used R

(version 4.2.2) (R Core Team, 2020) and the “metafor” package

(version 4.0.0) [25].
RESULTS

Out of 317 articles, 3 reports fulfilled the inclusion criteria, including

383 patients (218 on DOACs, 165 on VKAs) (Figure 1) [19,22,23]. The

preceding publication of the VALKYRIE trial investigating the effect of

rivaroxaban on vascular calcification was excluded [26]. Study char-

acteristics are provided in Tables 1, 2, and 3. All studies were

considered moderate to high quality (Table 4) [19,22,23].

All 3 trials included patients with ESKD on chronic hemodialysis

with an indication for long-term anticoagulation due to NVAF. The
VALKYRIE trial, including 132 patients, was a three-arm, parallel-

group trial, and patients were randomly assigned to receive either

warfarin or rivaroxaban (10 mg daily) with or without vitamin K2 for a

median treatment duration of 1.88 years [27]. For our analyses, we

pooled the patient groups receiving rivaroxaban. RENAL-AF included

154 patients, who were randomly assigned to receive either warfarin

or apixaban (5-mg dose twice daily; 2.5-mg dose twice daily for pa-

tients ≥80 years or weighing ≤60 kg, or both) for up to 15 months

[19]. The AXADIA-AFNET 8 trial enrolled 97 patients and allocated

them to either VKA or apixaban (2.5-mg dose twice daily for all pa-

tients) with a median duration of 355.5 days [23]. Reported time in

therapeutic range (TTR) for VKAs was relatively low in all 3 trials,

ranging from 44% to 50.7%.
3.1 | All-cause mortality

No significant difference between DOACs (n = 87/218) and VKAs

(n = 57/165) regarding all-cause death (OR, 0.94; 95% CI, 0.55-1.63;

p = .84; Figure 2) was detected. There was no significant amount of

heterogeneity in the true outcomes (Chi2 = 2.53, p = .28, Tau2 =0.05, I2 =

21%). None of the studies could be considered as significantly

influential.
3.2 | Total bleeding events

No significant difference between DOACs (n = 79/218) and VKAs

(n = 55/165) regarding total bleeding events (OR, 0.99; 95% CI, 0.63-

1.54; p = .96; Figure 3) was detected. There was no significant amount

of heterogeneity (Chi2 = 0.62, p = .73, Tau2 = 0.00, I2 = 0%). None of

the studies could be considered as significantly influential.
3.3 | Life-threatening or major bleeding events

No significant difference between DOACs (n = 31/218) and VKAs

(n = 30/165) regarding life-threatening or major bleeding events (OR,

0.65; 95% CI, 0.32-1.33; p = .24; Figure 4) was detected. There was no

significant amount of heterogeneity (Chi2 = 2.96, p = .23, Tau2 = 0.13,

I2 = 32%). According to the Cook’s distances, none of the studies could

be considered as significantly influential.
3.4 | Thromboembolic events or stroke

There was no significant difference between DOACs (n = 7/218) and

VKAs (n = 10/165) regarding the composite of thromboembolic events

and stroke (OR, 0.39; 95% CI, 0.14-1.05; p = 0.06; Figure 5). Of note,

there was no systemic embolism in all 3 trials, and the presented data

are based on rates of ischemic stroke alone. There was no significant

amount of heterogeneity (Chi2 = 0.02, p = .99, Tau2 = 0.00, I2 = 0%).

None of the studies could be considered as overly influential.



F I GUR E 1 Flow diagram.

F I GUR E 2 Forest plot for all-cause death.
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4 | DISCUSSION

Our meta-analysis systematically compared DOACs to VKAs for oral

anticoagulation in patients with NVAF undergoing chronic hemodial-

ysis. In summary, we did not detect a significant difference between

patients treated with FXa inhibitors and VKAs regarding death and
bleeding. However, there was a trend toward a reduction in stroke

rates in patients receiving DOACs.

Chronic kidney disease is an independent risk factor for the

development of NVAF [28]. Conversely, NVAF is also a major risk

factor for the development of ESKD [29]. These associations underpin

the bidirectional relationship between NVAF and CKD as a result of a



F I GUR E 3 Forest plot for total reported bleeding events.

F I GUR E 4 Forest plot for life-threatening or major bleeding events.

F I GUR E 5 Forest plot for thromboembolic events or stroke.
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pro-inflammatory state, the activation of the neurohumoral system,

and altered fluid and electrolyte status [30]. Although patients with

NVAF undergoing chronic hemodialysis are at high risk of thrombo-

embolic events, this patient group is also at increased risk of bleeding
complications and mortality, potentially abating the net clinical benefit

of treatment with oral anticoagulation [30–32]. Several observational

studies and meta-analyses have questioned the efficacy of oral anti-

coagulation for the prevention of ischemic stroke and mortality in
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ESKD, while others have demonstrated some benefit [33–36].

Therefore, the role of oral anticoagulation in patients undergoing

chronic hemodialysis remains controversial [30]. The observed dif-

ferences compared to patients with NVAF and without hemodialysis

in whom oral anticoagulation has been proven beneficial may be due

to various reasons: patients receive heparin 3 times a week during

hemodialysis, potentially mitigating the need for additional oral anti-

coagulation, especially in the light of high mortality and bleeding rates

within this patient population. Also, hemodialysis patients on VKAs

commonly have relatively low TTR, a fact that has been confirmed in

the 3 current randomized trials comparing DOACs with VKAs

[19,22,23]. However, a high TTR is imperative for adequate stroke

prevention, as in the general NVAF population, a TTR above 70% has

been associated with a relevant reduction in adverse ischemic out-

comes and lower bleeding rates [34]. Furthermore, VKAs have been

associated with accelerated vascular calcification in patients under-

going hemodialysis, potentially resulting in calciphylaxis, an often life-

threatening condition [34].

Nevertheless, if oral anticoagulation is intended, VKAs represent

the standard of care in patients with NVAF undergoing chronic he-

modialysis [3]. This is mainly due to the lack of data on DOACs in

patients with ESKD and the fear of cumulative drug effects potentially

resulting in an increased bleeding hazard. Nonetheless, DOACs are

already in use in this patient setting, and numerous observational

reports have been published with varying efficacy and safety [21,37].

These circumstances underline the importance of randomized

controlled trials on oral anticoagulation in patients with NVAF un-

dergoing hemodialysis. Recently, 3 reports have been published on

this subject (VALKYRIE, RENAL-AF, and AXADIA-AFNET 8). Although

addressing an imperative need for more data, these trials were un-

derpowered for their primary outcome measure (details for each trial

are depicted in Tables 1, 2, and 3) [19,22,23]. In our meta-analysis, we

could not detect significant differences regarding mortality and

bleeding events between VKAs and DOACs. However, we observed a

trend toward a benefit for reducing stroke or thromboembolic events

in patients treated with DOACs.

Recently, 2 other meta-analyses using the same 3 trials for their

calculations have been published [38,39]. Nonetheless, there are sig-

nificant differences between these analyses and our report: first,

Mapili et al. [38] did not report on all-cause mortality but only on

cardiovascular mortality. Although cardiovascular mortality consti-

tutes a major proportion of death rates, it neglects other causes of

death (ie, bleeding events) potentially associated with anticoagulation

therapy. In a population with high overall risk, such as patients un-

dergoing hemodialysis, this poses a major limitation. Second, both

meta-analyses failed to include all patients receiving rivaroxaban

included in the VALKYRIE trial. VALKYRIE investigated the impact of

substituting VKA with rivaroxaban with or without vitamin K2 on

vascular calcification in patients with NVAF undergoing hemodialysis.

Therefore, the study was designed as a three-arm parallel-group trial

with a 1:1:1 allocation ratio (VKA vs rivaroxaban alone vs rivaroxaban

and vitamin K2 substitution; Table 1) [26]. Although the study failed to
demonstrate the benefit of VKA omission and vitamin K2 substitution

on the progression of vascular calcification, the authors identified a

potential benefit regarding bleeding complications in patients

receiving rivaroxaban. Therefore, follow-up was extended, focusing on

the impact of rivaroxaban on bleeding and thromboembolic events.

Also, the secondary analysis of VALKYRIE reported the outcomes for

all 3 study arms separately. Mapili et al. [38] and Faisaluddin et al. [39]

only used the rivaroxaban monotherapy arm (n = 46) for their analyses

and excluded the rivaroxaban plus vitamin K2 arm (n = 42). However,

vitamin K2 supplementation has no known effect on FXa inhibitors.

Therefore, we pooled both rivaroxaban treatment arms for our ana-

lyses to increase patient numbers and statistical power further [22].

Finally, Faisaluddin et al. [39] did not include all data on ischemic

stroke (AXADIA AFNET 8 was not included in their analysis for

stroke).

Interestingly, while mortality and bleeding rates were high in all 3

trials, the rates of stroke were low. Moreover, no systemic embolism

was reported in all 3 studies [19,22,23]. Considering the competing

risk of mortality and bleeding complications, it remains to be estab-

lished if the administration of any oral anticoagulation in patients

undergoing hemodialysis translates into a net clinical benefit. Unfor-

tunately, current risk scores do not provide sufficient guidance for this

vulnerable group of patients, and individualized decision-making re-

mains paramount [40,41]. Additionally, concomitant aspirin was

frequently administered in addition to oral anticoagulation in all 3

trials. In an observational trial including patients on hemodialysis,

simultaneous use of aspirin abolished the benefits seen with apixaban

when compared to VKAs [42].

It needs to be emphasized that all available prospective data on

DOACs in hemodialysis patients were generated with the FXa in-

hibitors apixaban and rivaroxaban. Dabigatran has not been investi-

gated in randomized clinical trials in ESKD, so far, and due to its renal

clearance of >80%, it may be more prone to cumulative drug effects in

advanced CKD.

The following limitations should be considered when interpreting

the current results: we only used study-level data and did not investi-

gate the effects of DOACs versus VKAs at the individual patient level.

Therefore, we could not adjust for patient-related factors (ie, therapy

duration, age, sex). However, we likely identified all relevant studies

using an elaborate search strategy.Moreover, the definition of ischemic

and bleeding endpoints varied between the different studies included in

the meta-analysis. Also, RENAL-AF and AXADIA-AFNET 8 were

terminated early for slow recruitment and, therefore, were under-

powered for their primary endpoint [19,23]. Also, ethnicity was not

reported in 2 reports thus hindering generalizability [22,23]. Finally,

while the control groups received oral anticoagulation with VKAs at a

target INR of 2 to 3 in all included studies, different types and/or dos-

ages of FXa inhibitors were administered in the DOAC groups

[19,22,23]. Considering the previously published data on FXa inhibitors

in NVAF, a class effect seems very likely. However, it remains to be

established if the standard dosage or a reduced dosage of the FXa

inhibitor or perhaps no oral anticoagulation provides the optimal



TA B L E 1 Characteristics of included trials.

Characteristics RENAL-AF [19] AXADIA AFNET 8 [23] VALKYRIE [22]

Study design PROBE PROBE PROBE

Intervention Apixaban Apixaban Rivaroxaban (±Vitamin K2)a

Dose (mg) 5 or 2.5 mg 2.5 10

Frequency Twice daily Twice daily Once daily

Control Warfarin Phenprocoumon VKA (not specified)

Target INR 2.0-3.0 2.0-3.0 2.0-3.0

Number of patients (intervention) 82 48 88

Number of patients (control) 72 49 44

Dose reduction criteria 2.5 mg twice daily for patients ≥80 years of

age, weight ≤60 kg, or both

None None

Primary safety endpoint Major or clinically relevant nonmajor

bleeding

Major bleeding, clinically relevant nonmajor

bleeding, or all-cause death

Not specified

Primary efficacy endpoint Not specified Ischemic stroke, all-cause death, myocardial

infarction, deep vein thrombosis or

pulmonary embolism

Fatal cardiovascular disease and nonfatal

stroke, cardiac events, and other

vascular events

Bleeding definitions major bleedings: decrease in hemoglobin

≥2 g/dL; need for transfusion of ≥2
blood units; bleeding within a critical

site

clinically relevant nonmajor bleedings:

bleeding resulting in hospital admission,

physician-guided medical or surgical

treatment or change in antithrombotic

therapy

major bleedings: fatal bleeding; decrease in

hemoglobin ≥2 g/dL; need for

transfusion of ≥2 blood units; bleeding

within a critical site

clinically relevant nonmajor bleedings:

bleeding resulting in hospital admission,

physician-guided medical or surgical

treatment or change in antithrombotic

therapy

life-threatening bleedings: fatal bleedings;

symptomatic intracranial bleedings;

decrease in hemoglobin ≥5 g/dL; need

for transfusion of ≥4 blood units,

inotropic agents, or surgery

major bleedings: decrease in hemoglobin

≥2 g/dL; need for transfusion of ≥2
blood units and not fulfilling the

criteria for life-threatening bleeding

minor bleedings: all other bleedings

Statistical analysis Cox proportional hazards regression model Cox proportional hazards regression model Fine-Gray method (competing risk

framework)

Follow-up duration, (y) Intervention group: 0.90

Control group: 0.93

Intervention group: 1.17 (0.47-1.92)

Control group: 1.38 (0.79-1.92)

1.88 (1.01-3.38)

INR, international normalized ratio; PROBE, prospective, randomized, open-label, blinded-outcome evaluation; VKA, vitamin K antagonist.
aThe VALKYRIE study included 3 treatment arms (VKA, rivaroxaban, and rivaroxaban plus vitamin K2) with a 1:1:1 allocation ratio.
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T AB L E 2 Characteristics of included patients.

Characteristics RENAL-AF [19] AXADIA AFNET 8 [23] VALKYRIE [22]

Age, (y), (median) 68 (61-75) 77 (69-80) VKA: 80.3 (71.5-84.3)

Rivaroxaban: 79.9 (74.4-83.9)

Rivaroxaban + Vitamin K2: 79.6 (73.2-83.1)

Male sex, No. (%) 98 (63.6) 68 (70.1) 88 (66.7)

CHA2DS2-VASc, median (IQR) 4 (3-5) 5 (4-6) 5a

HAS-BLED, median (IQR) NA 4 (3.5-5) 5a

TTR 44% 50.7% 48%

Aspirin, No. (%) 61 (40.9) 33 (34.0) 46 (34.8)

Permanent atrial fibrillation, No. (%) 25 (16.2) NA 72 (54.5)=

Time on dialysis, median (IQR) 3.0 (1.5-5.7) y 962 (363-2147) d 2.4 ya

Black patients, No. (%) 69 (44.8) NA NA

IQR, interquartile range; NA, not available; No., number; TTR, time in therapeutic range; VKA, vitamin K antagonist.
aInterquartile range not available for the overall cohort.

T AB L E 3 Summary of the endpoints stratified for each trial.

Endpoints

RENAL-AF [19] AXADIA AFNET 8 [23] VALKYRIE [22]

Intervention

n = 82

Control

n = 72 ARR

Intervention

n = 48

Control

n = 49 ARR

Intervention

n = 88

Control

n = 44 ARR

All-cause death, n (%) 21 (25.6) 13 (18.1) 7.5 9 (18.7) 12 (24.5) -5.7 57 (64.7) 32 (72.7) -8.0

Total bleedings, n (%) 21 (25.6) 16 (22.2) 3.4 15 (31.2) 15 (30.6) 0.6 43 (48.8) 24 (54.5) -5.6

Lift-threatening or major bleedings, n

(%)

9 (10.9) 7 (9.7) 1.2 5 (10.4) 6 (12.2) -1.8 17 (19.3) 17 (38.6) -19.3

Thromboembolic events or stroke, n

(%)

1 (1.2) 2 (2.7) -1.5 0 (0) 1 (2.0) 2.0 6 (6.8) 7 (15.9) -9.1

ARR, absolute risk reduction.

Table 3 presents potential bias of all in the present meta-analysis included trials as judged by the authors and in accordance with the revised Cochrane’s

Collaboration risk of bias assessment tool.

T AB L E 4 Quality of studies according to the authors’ judgment.

Characteristics

RENAL-

AF [19]

AXADIA

AFNET 8 [23]

VALKYRIE

[22]

Bias arising from the

randomization process

Bias due to deviations from

intended interventions

Bias in measurement of the

outcome

Bias due to missing outcome

data

Bias in selection of the

reported results
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benefit-risk ratio when treating hemodialysis patients with NVAF. This

question can only be resolved by prospective randomized clinical trials.
5 | CONCLUSION

FXa inhibitors carried a similar risk of bleeding and death when

compared to VKAs in patients with NVAF undergoing chronic he-

modialysis. Moreover, there was a trend toward stroke reduction in

patients receiving FXa inhibitors.

Large randomized clinical trials are warranted to confirm our

findings and to further investigate the net clinical benefit of oral

anticoagulation in patients requiring hemodialysis.
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[24] Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I,

et al. RoB 2: a revised tool for assessing risk of bias in randomised

trials. BMJ. 2019;366:l4898.

[25] Viechtbauer W. Conducting meta-analyses in R with the metafor

Package. J Stat Softw. 2010;36.
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