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Abstract
Background Anticoagulant treatment in non-valvular atrial fibrillation (AF) patients with severe chronic kidney disease (CKD)
or on dialysis remains a matter of debate. The object of this study was to quantify the benefit-risk profiles of rivaroxaban or
apixaban versus warfarin in AF patients with stage 4–5 CKD or on dialysis.
Method A comprehensive search of the Cochrane Library, PubMed, Ovid, and Google Scholar databases was performed for
eligible studies that comparing the effect and safety of rivaroxaban or apixaban versus warfarin in AF patients with stage 4–5
CKD or on dialysis. Hazard ratios (HRs) and 95% confidence intervals (CIs) were abstracted, and then pooled using a random-
effects model.
Results A total of seven studies, one post hoc analysis of RCT and six observational cohorts, were included in this meta-analysis.
Comparedwith warfarin use, the use of rivaroxaban or apixabanwas significantly associated with reduced risks of all-cause death
(HR = 0.82, 95% CI 0.72–0.93) and gastrointestinal bleeding (HR = 0.87, 95% CI 0.80–0.95). There were no significant differ-
ences in the risks of stroke or systemic embolism (rivaroxaban, HR = 0.71, 95% CI 0.43–1.19; apixaban, HR = 0.86, 95%CI
0.68–1.09) and major bleeding (rivaroxaban, HR = 0.96, 95% CI 0.64–1.45; apixaban, HR = 0.56, 95%CI 0.28–1.12).
Conclusions Current evidence suggests that rivaroxaban or apixaban are safe and at least as effective as warfarin in patients with
AF and stage 4–5 CKD or on dialysis.
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Introduction

Patients with non-valvular atrial fibrillation (AF) are at in-
creased risk of recurrent stroke and other vascular events [1].
Oral anticoagulants are the cornerstone of management of
patients with AF [2, 3]. The superiority of vitamin K antago-
nists (VKAs) such as warfarin in preventing stroke and sys-
temic embolism in patients with AF has been well-established
in clinical trials for decades [4]. Nevertheless, optimal results
of warfarin depend on maintenance of international normal-
ized ratio within the therapeutic range of 2 to 3 [1–4].
Numerous interactions with food and other drugs leads to
the narrow therapeutic window and unpredictable response
of warfarin [5]. Non-vitamin K oral anticoagulants (NOACs)
(i.e., dabigatran [a direct thrombin inhibitor] and rivaroxaban,
apixaban, and edoxaban [factor Xa inhibitors]) are alternatives
for warfarin to prevent stroke in patients with AF and have
emerged as the preferred choice [3, 6]. NOACs have an im-
proved efficacy/safety ratio, a predictable anticoagulant effect
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without the need for routine coagulation monitoring, and few-
er food and drug interactions compared with warfarin [3, 6].

Concomitant chronic kidney disease (CKD) in patients
with AF presents an additional challenge to identify the opti-
mum management that balances the risk of bleeding and pro-
tection from ischemic events. AF and CKD often co-exist
because of complex bidirectional interactions, and AF facili-
tates the development or progression of CKD [7, 8]. Patients
with AF and CKD have an increased morbidity and mortality
due to a paradoxical increase in both thromboembolic and
hemorrhagic risks [9]. Risk stratification and anticoagulant
treatment in the clinical settings remains a matter of debate.
Despite elimination of warfarin is almost entirely by hepatic
metabolism, warfarin is associated with a low time in thera-
peutic range as creatinine clearance (CrCl) decreases, with
either sub-therapeutic effect or over-anticoagulation [10, 11].
NOACs rely to some extent on renal elimination, the level of
renal excretion for NOACs in ascending order is apixaban
(25%), rivaroxaban (33%), edoxaban (35%), and dabigatran
(80%) [3, 12].

While NOACs showed consistent efficacy and safety in
patients with mild to moderate CKD compared with warfarin
[6, 13], the effect of NOACs in patients with severe CKD or
on renal replacement therapy remains unclear. Despite a po-
tential for drug accumulation leading to an increased risk of
bleeding, some NOACs (rivaroxaban, apixaban, and
edoxaban) have been approved in Europe for anticoagulation
in AF with CrCl as low as 15–29 mL/min [6, 14]. One retro-
spective and longitudinal study including patients with AF
and stage 3b-4 CKD demonstrated that rivaroxaban was safer
than warfarin, with no bleeding events in the rivaroxaban arm
[14]. NOACs have not been well-studied in patients with AF
on dialysis. Current AF guidelines do not recommend the use
of dabigatran, rivaroxaban, and edoxaban in patients with end-
stage renal disease (ESRD) [3]. Since the approval of
apixaban in 2013, there has been an increased use of apixaban
in patients with AF and ESRD [15, 16]. Future studies are still
needed to address the benefits and risks of NOACs in AF
patients with advanced CKD or ESRD. Therefore, the aim
of this meta-analysis was to summarize available evidence
of rivaroxaban or apixaban in order to perform decision-
making regarding optimal anticoagulants in AF patients with
stage 4–5 CKD or dialysis.

Methods

This study was conducted according to the guidance from the
Cochrane Handbook for Systematic Reviews [17]. We used
the Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) directions to present the results
[18]. We did not provide the ethical approval because only
the published data were included. The data that support the

findings of this meta-analysis are available from the corre-
sponding author upon reasonable request.

Literature Search and Study Selection

Two reviewers (Chen C and Cao YL) independently and sys-
tematically searched the Cochrane Library, PubMed, Ovid,
and Google Scholar databases with no linguistic restrictions
to identify studies that compared the effect of NOACs versus
warfarin in non-valvualr AF patients with stage 4–5 CKD or
ESRD on dialysis. The retrieval periods were from inception
to May 2020. The following index keywords and their similar
terms were used in the search: (1) “atrial fibrillation” OR
“atrial flutter”AND (2) “vitamin K antagonist”OR “warfarin”
AND (3) “non-vitamin K antagonist oral anticoagulants” OR
“direct oral anticoagulants” OR “dabigatran” OR
“rivaroxaban” OR “apixaban” OR “edoxaban” AND (4) “di-
alysis” OR “hemodialysis” OR “end-stage kidney disease”
OR “end-stage kidney disease” OR “end-stage renal disease”
OR “advanced renal disease”OR “stage 4 or 5 chronic kidney
disease” OR “stage 5 chronic kidney disease” (Supplemental
Table 1). In the manual search, we screened the included ar-
ticles of reviews published between 2019 and 2020 on antico-
agulant therapy in CKD patients [19–23].

Two reviewers (Chen C and Cao YL) independently
screened the retrieved studies by reading their titles/abstracts
and full-texts, sequentially. Eligible studies were chosen ac-
cording to the pre-defined inclusion criteria. If facing dis-
agreements, they agreed on final study selection, or discussed
with other reviewers (Zhu WG and Liu C).

Inclusion and Exclusion Criteria

Studies (RCTs or observational cohorts) were included if they
compared at least one of our specified efficacy and safety
outcomes of any NOAC (dabigatran, rivaroxaban, edoxaban,
or apixaban; any dose) versus warfarin in adult non-valvular
AF patients with stage 4–5 CKD or ESRD undergoing dialy-
sis. Patients with stage 4–5 CKDwere defined as patients with
an estimated glomerular filtration rate (eGFR) less than
30 mL/min, whereas ESRD patients were defined as patients
with an eGFR less than 15 mL/min and/or as patients under-
going dialysis. The adjusted hazard ratios (HRs) and 95%
confidence intervals (CIs) were regarded as the effect
estimates.

We excluded studies that were restricted to AF patients
with certain interventions (e.g., cardioversion, ablation, or
left-atrial appendage closure), or patients with specific dis-
eases (e.g., coronary artery disease, hyperthyroidism, or can-
cer). Studies only involving the use of NOACs or warfarin in
non-AF patients were excluded. Studies with a sample size of
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<100 or a follow-up of <1 year were excluded. In addition,
cross-sectional studies, reviews, case reports, editorials, let-
ters, or abstracts were excluded. If two or more studies used
patients from the same database, the study with the longest
follow-up or largest sample size was included.

Definitions of the Objectives and Outcomes

The primary efficacy outcome was a composite of stroke or
systemic embolism (SSE), whereas the safety outcome was a
composite of major bleeding. Our secondary efficacy out-
comes included ischemic stroke and all-cause death, whereas
the secondary safety outcomes were intracranial bleeding and
gastrointestinal bleeding. We applied the original definitions
of the efficacy and safety outcomes in the included individual
studies.

Data Abstraction

Two reviewers (Chen C and Cao YL) independently abstract-
ed the relevant data information and performed a cross-check
for data accuracy. For each included study, the following basic
information was collected: study information (first author,
year published, design of study, study period, data source,
location), patient characteristics (sample size, age, percentage
of males, severity of renal function) information of NOACs
(type, dosage, comparisons), follow-up duration, the studied
outcomes (sample size and number of events reported at fol-
low-up, and comparative treatment effect estimates of HRs),
and adjusted variables. If the adjusted HRs were reported
using multiple models, the most adjusted one was abstracted.

Bias Risk and Quality Assessment

The bias risk assessment of RCTs was performed using the
Cochrane Collaboration’s tool [24], which involved a total of
7 parts including random sequence generation (selection bias),
allocation concealment (selection bias), blinding of partici-
pants and personnel (performance bias), blinding of outcome
assessment (detection bias), incomplete outcome data (attri-
tion bias), selective reporting (reporting bias), and other
biases. The bias risk of each included study was scored as
‘low’, ‘unclear’ or ‘high’ risk in each part.

For the observational studies, the Newcastle-Ottawa Scale
(NOS) tool was used to assess the quality, which involved 3
domains with a total of 9 stars: the selection of cohorts (0–4
stars), the comparability of cohorts (0–2 stars), and the assess-
ment of the outcome (0–3 stars) [24]. A NOS score ≥ 6 stars
indicated a moderate-to-high quality, while a low quality if a
NOS score < 6 stars [25].

Statistical Analysis

The statistical heterogeneity across the included studies was
assessed using the Cochrane Q test and I2 statistic. A P value
of <0.10 in the Cochrane Q test or an I2 value of >50% was
considered statistically significant for heterogeneity. The nat-
ural logarithms of the HRs (Ln [HR]) and standard errors
(Ln[upper CI]-Ln[lower CI])/3.92) were calculated. To draw
a relatively conservative conclusion, the natural logarithms
were pooled using a DerSimonian and Laird random-effects
model with an inverse variance method. Heterogeneity is usu-
ally dealt with by using a random-effects (RE) model.
However, the RE estimator might underestimate the statistical
error, and have a high mean squared error, or make unjustifi-
able changes to individual study weights. The inverse variance
heterogeneity (IVhet) model or the quality effects (QE) model
could overcome the shortcomings of the RE estimator, and
thus were used to re-perform the meta-analysis.

Subgroup analyses were planned on the basis of type of
NOACs (rivaroxaban or apixaban), dose of NOACs (high or
low dose), and severity of CKD (stage 4 CKD, stage 5 CKD,
or dialysis). Comparative effectiveness and safety of
edoxaban versus warfarin could not be assessed because of
the limited data. The sensitivity analysis was performed to
examine the influence of each included study on the pooled
results. NOACs Publication bias was visually inspected using
a funnel plot. In addition, the Egger’s and Begg’s tests
assessed the publication bias statistically, where a P value of
<0.10 indicated a potential publication bias.

All the analyses were performed using the Review
Manager version 5.3 software (the Cochrane Collaboration
2014, Nordic Cochrane Centre Copenhagen, Denmark), the
Stata software (version 15.0, Stata Corp LP, College Station,
TX), and MetaXL (version 5.3). A value of P < 0.05 was
considered statistically significant.

Results

Study Selection

Flow chart of document retrieval is shown in Supplemental
Fig. 1. A total of 209 studies were identified from the data-
bases and the reference lists of published reviews. After the
screenings of the titles and abstracts, the 14 remaining studies
were assessed by full-text screenings. According to the pre-
defined criteria, six studies were then excluded because they:
(1) did not regard warfarin as controls (n = 2) [26, 27]; (2)
focused on AF patients with venous thromboembolism (n =
4) [28–31]; and (3) included a sample size of <100 for analysis
(n = 1) [32]. Finally, a total of seven studies (one post hoc
analysis of RCT [33] and six observational cohorts [34–39])
were included in this meta-analysis.
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Characteristics of the Included Studies

Characteristics of the seven included studies are presented in
Table 1. Seven studies with a total of 45,767 AF patients with
stage 4–5 CKD or ESRD on dialysis were analyzed and includ-
ed in this research. The sample size ranged from 269 to 25,523
participants, andmean follow-up periodswere 1.03 to 3.4 years.
Of these patients, 44.45% were female and the average ages
were 68.2 to 81 years. In terms of renal function, one study
examined hemodialysis patients only [37], one study included
patients with ESRD on dialysis [36], one study included pa-
tients with CrCl 25–30 ml/min [33], three studies included pa-
tients with stage 4–5 CKD (CrCl<30 ml/min, eGFR<30 ml/
min) or on dialysis [34, 35, 39], and one study included patients
with stage 4–5 CKD or undergoing hemodialysis [38]. One
study used the Cockcroft–Gault equation to estimate renal func-
tion [33], two studies used the 4-variable modification of diet in
renal disease (MDRD) equation [35, 38], while one study used
both [34]. One study did not show how renal function was
estimated [38], and another two studies included only hemodi-
alysis or dialysis patients [36, 37]; therefore, renal function
estimation was not needed. One study was conducted in
Taiwan and the rest were in the USA. For the quality assess-
ment, the post hoc analysis of RCT [33] had a low risk of bias,
whereas the observational cohorts had a moderate-to-high qual-
ity with NOS scores of 6–8 out of 9 points.

Pooled Analysis of NOACs Versus Warfarin

Primary Efficacy and Safety Data on the primary outcomes
could not be extracted in some individual studies because they
only presented data for individual components of the compos-
ite outcomes. For example, Makani et al. [35] only reported
the outcome of ischemic stroke rather than SSE. Among the
included studies, the primary outcomes of SSE and major
bleeding were presented in five [33, 34, 36, 38, 39] and six
[32, 33, 36–39] studies, respectively.

Our pooled results based on the RE model suggested that,
compared with warfarin use, the use of NOACs was not sig-
nificantly associated with reduced risks of SSE (HR = 0.71,
95% CI 0.50–1.01; Supplementary Fig. 2) and major bleeding
(HR = 0.91, 95% CI 0.66–1.25; Supplementary Fig. 3) in AF
patients with stage 4–5 CKD or ESRD on dialysis. Re-
analyses with the IVhet (SSE [HR =0.80, 95% CI 0.54–
1.19] and major bleeding [HR =1.00, 95% CI 0.69–1.44]) or
QE (SSE [HR = 0.80, 95% CI 0.54–1.19] and major bleeding
[HR = 1.00, 95% CI 0.69–1.44]) models showed similar re-
sults as the main analysis. Similar results were observed when
patients with stage 4 CKD, stage 5 CKD, and dialysis were
analyzed separately (Supplementary Fig. 4 and 5).

Secondary Efficacy and Safety As shown in Supplementary
Fig. 6 and 7, compared with warfarin use, the use of

NOACs was associated with reduced risks of all-cause death
(HR = 0.82, 95% CI 0.72–0.93) and gastrointestinal bleeding
(HR = 0.87, 95% CI 0.80–0.95) in AF patients with stage 4–5
CKD or ESRD on dialysis. There were no significant differ-
ences in the risks of ischemic stroke (HR = 0.62, 95% CI
0.39–1.00) and intracranial bleeding (HR = 0.73, 95% CI
0.48–1.12) between groups of NOACs versus warfarin.

Sensitivity Analysis and Subgroup Analysis For the primary
outcomes, the results did not change substantially after exclu-
sion of one included study at a time. The subgroup analysis
based on the NOAC type showed that the use of rivaroxaban
or apixaban compared with warfarin showed no differences in
SSE (rivaroxaban, HR = 0.71, 95% CI 0.43–1.19; apixaban,
HR = 0.86, 95%CI 0.68–1.09) (Fig. 1) and major bleeding
(rivaroxaban, HR = 0.96, 95% CI 0.64–1.45; apixaban,
HR = 0.56, 95%CI 0.28–1.12) (Fig. 2). In the subgroup anal-
ysis based on the NOAC dose, NOAC- versus warfarin-users
had no differences in the risk of major bleeding in both groups
of high and low dose (Supplementary Fig. 8). Summary of
NOACs versus warfarin in atrial fibrillation patients with
stage 4–5 chronic kidney disease or on dialysis was presented
in Supplementary Table 2.

Publication Bias

As shown in Supplementary Figs. 9 and 10, there was seem-
ingly no potential publication biases for the studied outcomes
by inspecting the funnel plots. In addition, the Egger’s and
Begg’s tests suggested no publication bias for the primary
efficacy and safety outcomes (Supplementary Fig. 11).

Discussion

In our current meta-analysis, compared with warfarin use, the
use of rivaroxaban or apixaban neither reduced the risks of
SSE and ischemic stroke nor associated with the lower risks of
major bleeding and intracranial bleeding in AF patients with
stage 4–5 CKD or ESRD on dialysis. However, rivaroxaban
or apixaban were associated with significant reductions in all-
cause death and gastrointestinal bleeding compared with war-
farin. These principal findings were consistent with different
analytic methods and corroborate those obtained by Kuno
et al. [20] and Ha et al. [22].

In patients with AF and either mild or moderate CKD, prior
meta-analyses showed that NOACs are more efficacious and
safer than warfarin [23, 40, 41]. However, there is limited
evidence for the use of NOACs in severe renal dysfunction
because all landmark NOACs trials essentially excluded pa-
tients with a CrCl of <30 mL/min (except for a few patients on
apixaban with CrCl 25-30 mL/min, the ARISTOTLE trial). In
addition, patients with CrCl<15 mL/min were recommended
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to refrain from NOACs use in European guidelines [6]. Our
results showed that, for patients with AF and stage 4–5 CKD
or ESRD on dialysis, the use of NOACs is a safer choice than
warfarin as it remarkably reduced the risks of all-caused death
and gastrointestinal bleeding, while NOACs and warfarin
show no significant difference on the efficacy of reducing
the risks of SSE. Previous studies have indicated that warfarin
could reduce the risks of ischemic stroke, thromboembolism,
and mortality in non-ESRD patients, but appeared to have
increased risks of hemorrhagic stroke and major bleeding in
patients with ESRD [11, 19]. Comparative studies of NOACs
and warfarin revealed that, in early-stage or moderate CKD,
NOACs had a benefit-risk profile superior to that of warfarin,
which remarkably reduced the risks of SSE [23, 24] and major
bleeding [41, 42]. Nevertheless, for advanced CKD or ESKD,
there was insufficient evidence to establish benefits or harms
of warfarin or NOACs [22]. Feldberg et al. [23] found that
there was no difference in the stroke risk between NOACs
versus warfarin in hemodialysis patients, consistent with our

current findings. Furthermore, two studies [20, 21] focused on
the patients on dialysis using NOACs showed that apixaban could
be considered as a better choice for patients with severer renal
impairment, given its favorable safety profile and similar efficacy
compared to the other NOACs, which is perhaps not surprising
since apixaban has the lowest renal excretion among the four
NOACs. Even though there were no differences in outcomes be-
tween the four NOACs type and dose in our subgroup analysis,
selecting the appropriate type of NOAC should be considered
carefully as the different renal excretion of the four NOACs.

Renal insufficiency is associated with enhanced risks of
thromboembolic and hemorrhagic events, and the combination
of ESRD and AF confers greater risks [21]. Observational data
confirm that patients with CKD and AF may benefit from full
intensity anticoagulation with warfarin to prevent stroke [43].
However, the anticoagulants in the same population are poorly
controlled and often overprescribed, which can lead to massive
bleeding and further kidney impairment [44]. Warfarin may
cause more hemorrhagic events in CKD patients mainly because

Fig. 1 Comparing the stroke or systemic embolism of rivaroxaban or apixabanversus warfarin in patients with AF. AF, atrial fibrillation; CI, confidence
interval

Fig. 2 Comparing the major bleeding of rivaroxaban or apixabanversus warfarin in patients with AF. AF, atrial fibrillation; CI, confidence interval
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warfarin is extensively metabolized by the cytoplasmic P450
(CYP) system of enzymes in the liver, mainly by CYP2C9 [5].
There is evidence that CYP2C9 is down-regulated in CKD pa-
tients, especially ESRD, resulting in impaired non-renal clear-
ance and bioavailability of warfarin and other drugs [45]. In a
large United States retrospective administrative database analy-
sis, warfarin-related renal disease progression was seen more
frequently than rivaroxaban or dabigatran [46]. The potential
for warfarin to accelerate renal function decline is particularly
relevant to solitary kidney, kidney transplant recipients, ESRD
patients who have not yet met the dialysis requirement, and
patients who are still producing urine. There are several hypoth-
esized mechanisms by which warfarin exacerbates renal disease
progression, but the precise pathophysiology remains unclear
[46]. For these reasons, the choice of NOACs in CKD becomes
critical andmight be associatedwith amore favorable clinical net
outcome than warfarin.

For mild or moderate CKD, the benefit of VKAs in terms of
reduced stroke and mortality is well established in AF patients,
while all four NOACs showed consistent efficacy and safety
compared with non-CKD patients in the respective subgroup
analyses of pivotal NOAC trials [13, 47–49]. However, there
are no RCT data on the use of NOACs for stroke prevention in
AF patients with severe CKD or on renal replacement therapy.
Rivaroxaban, apixaban, and edoxaban (but not dabigatran) are
approved in Europe for the use in patients with severe CKD,with
the reduced dose regimen. In view of the individual NOACs’
pharmacokinetics, dose-reduction criteria and available evidence
from RCTs, the use of either apixaban or edoxaban may be
preferable in these patients. Apixaban had the lowest renal clear-
ance rate (27%), with a 50% reduction in dose under fairly strict
conditions, according to its dose reduction algorithm.
Furthermore, the relative safety of apixaban versus warfarin has
been demonstrated to increase with decreasing renal function
[50]. Edoxaban had a renal clearance rate of 50%, but its dose
was reduced to 50% more rapidly and was tested in a large
subgroup [6]. The efficacy and safety of NOACs in patients with
ESRD and on dialysis is unclear and subject to ongoing studies.
Apixaban 5 mg BID is currently approved in the United States
for patients with chronic, stable dialysis. However, plasma levels
associated with apixaban 5mg BID have recently been shown to
be hypertherapeutic. Therefore, anticoagulant therapy in these
patients remains a very personalized one, requiring a multidisci-
plinary approach that takes into account and respects the patient’s
preferences. From the above, further randomized trial data are
urgently required for severer CKD and ESRD patients to address
this issue.

Strengths and Limitations of the Study

Our meta-analysis has several strengths.We included one post
hoc analysis of RCT and six observational cohorts, and the

number of participants was large enough. In addition, all the
including studies adjusted the potential confounding factors of
AF. The observed association was therefore less likely due to
confounding biases. The sensitivity analysis showed the
pooled results were stable.

Nevertheless, we should acknowledge several limitations
of our meta-analysis. First, some primary outcomes and base-
line characteristic could not be extracted in some studies be-
cause the provided data was a single component of the com-
posite results. Second, the duration of follow-up was highly
variable, and the methods to estimate renal function were in-
consistent across the included studies (Cockcroft–Gault equa-
tion or MDRD). Third, although adjusted estimates were used
for each study, potential unmeasured residual confounders
will still exist. Finally, the outcomes of our study may be
unilateral or segmentary, limited by the inadequateness of
randomized trial data on our study population.

Conclusion

This meta-analysis presented that compared with warfarin,
rivaroxaban or apixaban showed similar risks of SSE, major
bleeding and intracranial bleeding, whereas they had reduced
risks of all-cause death and gastrointestinal bleeding in AF
patients with stage 4–5 CKD or ESRD on dialysis.
Rivaroxaban or apixaban might be a reasonable alternative
to warfarin in AF patients with severe renal impairment.
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