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Background: Nowadays, the number of patients with non-valvular atrial fibrillation

(NVAF) complicated by end-stage renal disease (ESKD) is increasing. There are

significant challenges in anticoagulation with prescription drugs because of the high

risk of bleeding and embolism among these patients. However, no randomized

controlled trials (RCTs) of warfarin in combination with any non-vitamin K oral

anticoagulant (NOACs) have been performed in patients with baseline creatinine

clearance (CrCl) <25 ml/min, which makes it difficult to justify the use of

anticoagulants in such patients. Then, we aimed to collect and summarize all

evidence to enable the anticoagulation of rivaroxaban, which is less cleared by the

kidneys, in patients with severe renal insufficiency and to complement and improve

the evidence on the use of rivaroxaban for anticoagulation.

Methods: The present systematic review and meta-analysis searched the databases

of PubMed, Embase, the Cochrane Library, CNKI, CBM, and Google Scholar for

relevant studies from inception to 1 June 2022, with the restriction of English

and Chinese. Eligible cohort studies and RCTs that reported efficacy outcomes

[composite of stroke and systemic embolism (SSE), ischemic stroke (ICS), and

systemic embolization] or safety outcomes [major bleeding, intracranial hemorrhage

(ICH), and gastrointestinal bleeding (GIB)] of rivaroxaban in NVAF patients with ESKD

were enrolled. Two authors completed the data extraction and quality assessment

work, respectively. The Cochrane Collaboration tool for assessing the risk of

bias was used for RCTs, and the NEW-Castle Ottawa scale was used for study

quality assessment for cohort studies. Dichotomous variables were calculated as

risk factors with 95% confidence intervals (CIs), and meta-analysis was performed

to probe the effect of research design, rivaroxaban dose, and controlled drug

factors on outcomes.

Results: In total, three studies were included for meta-analysis, involving 6,071

NVAF patients with ESKD, and two studies were included for qualitative analysis.

All included studies were at low risk of bias. A meta-analysis demonstrated

that mix-dose rivaroxaban caused no statistical discrepancy in the occurrence

of thrombotic and bleeding events when compared to the control group
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(embolism, LogOR: −0.64, 95% CI: −1.05 to −0.23, P:0.25; bleeding, LogOR: −0.33,

95% CI: −0.63 to −0.03, P:0.15), and low-dose rivaroxaban produced similar results

(embolism, LogOR: −1.04, 95% CI: −2.15 to 0.07, P:0.61; bleeding, LogOR: −0.81,

95% CI: −1.19 to −0.44, P:0.93).

Conclusion: In this study, low-dose rivaroxaban (10 mg, once a day) may benefit

more than warfarin in patients with NVAF and ESKD.

Systematic review registration: https://www.crd.york.ac.uk/prospero/

#recordDetails, identifier CRD42022330973.

KEYWORDS

rivaroxaban, non-valvular atrial fibrillation, end-stage kidney disease, systematic review,
meta-analysis

Introduction

Atrial fibrillation (AF) is a supraventricular arrhythmia caused
by uncoordinated atrial electrical activity followed by ineffective
atrial contraction, and it is the most common sustained arrhythmia
in adults around the world. Stroke due to AF is usually more
symptomatic, higher recurrence rate, and is often fatal or disabling
compared to non-cardiac stroke (1). AF and renal insufficiency
promote each other and are risk factors for each other. The results
of the Atherosclerosis Risk in Communities (ARIC) study suggest
that renal function decline is closely related to the incidence of AF
and is independent of other risk factors (2). The Chronic Renal
Insufficiency Cohort (CRIC) study showed that the prevalence of
AF in patients with estimated glomerular filtration rate (eGFR)
≥45 ml/min was 16%; however, the prevalence increased to 20.4%
when eGFR <45 ml/min (3). Approximately 13–27% of patients with
an estimated creatinine clearance (CrCl) ≤ 15 ml/min have AF, which
is significantly higher than that in the general population, and 12% of
patients with AF have a CrCl ≤ 15 ml/min or receive dialysis, which
means combined with ESKD (4–6).

Non-valvular atrial fibrillation (NVAF) is the exception for
AF after severe mitral stenosis or mechanical valve replacement.
At present, non-vitamin K antagonist oral anticoagulant (NOAC)
has become the first choice of anticoagulant therapy for NVAF.
However, in the anticoagulation therapy of patients with NVAF
and ESKD, the benefit of NOACs is limited and controversial.
In clinical practice, doctors are more inclined to give warfarin
to NVAF patients with ESKD because the anticoagulant intensity
of warfarin can be judged by monitoring the international
normalized ratio (INR). However, a meta-analysis indicated that
anticoagulation with warfarin in patients with NVAF and dialysis
did not reduce the risk of stroke compared with patients without
anticoagulation (7, 8). Other studies have shown that warfarin
may even increase the risk of ischemic stroke (ICS) (9, 10).
Based on this, it is necessary to further consider the efficacy and
safety of NOAC anticoagulation in NVAF patients with ESKD,
and it can also provide more evidence for the clinical application
of anticoagulants.

Rivaroxaban (10 mg/day) is approved for NVAF patients with
CrCl between 15 and 50 ml/min in the Taiwan Province of China
and Japan, which may provide evidence for the efficacy and safety
of rivaroxaban in patients with ESKD. In this study, we systematically

searched the published literature about the application of rivaroxaban
for stroke prevention in patients with NVAF and ESKD and
performed a quantitative meta-analysis of the retrieved literature
to provide a reference for the application of rivaroxaban in the
prevention of stroke.

Methods

Literature search

The present systematic review and meta-analysis were conducted
according to the previously established protocol. Databases of
PubMed, Embase, Cochrane Library, China National Knowledge
Internet (CNKI), China Biology Medicine disc (CBM), and Google
Scholar were searched from inception to 1 June 2022 for relevant
studies, limited to English and Chinese versions.

The retrieval method was a combination of subject headings
and free words. The following index keywords and their similar
terms were used in the search: (1) “atrial fibrillation” OR “atrial
flutter” OR “atrial flutter” AND (2) “non-vitamin K antagonist
oral anticoagulants” OR “direct oral anticoagulants” OR “new
oral anticoagulants” OR “rivaroxaban” AND (3) “dialysis” OR
“hemodialysis” OR “end-stage kidney disease” OR “stage 5 chronic
kidney disease.”

Study selection

The eligible criteria for studies were as follows: (1) population:
NVAF patients with ESKD. ESKD was defined based on a diagnosis
of stage 5 chronic kidney disease (CKD) or patients being on
regular dialysis; (2) intervention: rivaroxaban, including both low
doses of rivaroxaban (10 mg) and recommended dose approved in
most districts (20/15 mg); (3) comparison: warfarin or apixaban;
(4) outcomes: primary efficacy outcome [composite of stroke and
systemic embolism (SSE), ICS, and systemic embolism (SE)], primary
safety outcomes [major bleeding, intracranial hemorrhage (ICH),
and gastrointestinal bleeding (GIB)]; and (5) study design: cohort
studies or RCTs.

The exclusion criteria were as follows: (1) case reports, case series,
and systematic reviews; (2) studies that were published only in the
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form of conference abstracts; (3) published in neither English nor
Chinese; and (4) The full text was not available, and the authors could
not be contacted.

Two reviewers (SW and YY) independently screened the
literature, extracted information, and cross-checked it, and the
third party (ZY) negotiated and resolved any doubtful literature.
In the first step of literature screening, the EndNote literature
management software was used to remove duplicates. In the second
step, the titles and abstracts were read, and the publications that
obviously did not meet the inclusion criteria were eliminated.
The third step was to read the full text to determine whether to
include it or not.

Data extraction and quality assessment

Data extraction was performed independently by two authors
(JW and YY) using Excel, and the extracted information was as
follows: the first author, year of publication, types of literature
research, source of the research object, interventions, patient age,
sex ratio, disease type, CHA2DS2-VASc score, sample size, follow-up
time, and outcome indicators.

Risk of bias assessment

Randomized controlled trials (RCTs) were assessed for risk of
bias in the literature using the criteria provided by the Cochrane
Collaboration (11). Two researchers independently evaluated, and
it includes the following six aspects: (1) generation of random
sequences, (2) allocation concealment, (3) blinding of participants
and personnel, (4) data integrity, (5) selective reporting, and (6) other
biases. According to the risk of bias, outcomes of the assessment
include grade A “low risk of bias,” grade B “unclear,” and grade C
“high risk of bias.” If all of the risk assessments of the study meet
the A-level, the study may have a low risk of corresponding bias and
is rated as A-level; if one or more of the risk assessment results of the
study are grade B, including the absence of an assessment grade C,
then the study has a moderate risk of corresponding bias and is grade
B; if one or more of the evaluation items in each risk assessment of
the study is grade C, then the study is at high risk of corresponding
bias and is grade C.

The cohort study used the Newcastle-Ottawa Scale (NOS) to
evaluate the risk of bias, including the following eight aspects (12):
(1) representativeness of the exposed cohort, (2) selection of the
non-exposed cohort, (3) ascertainment of exposure, (4) whether
the expected results were present at the start of the study, (5)
comparability of baselines between cohorts, (6) adequacy of outcome
evaluation; (7) adequacy of follow-up time, and (8) adequacy of
follow-up. The highest score for the fifth item is two points, the rest
are one point, and the full score is nine points. The evaluation results
were divided into low risk of bias (NOS score ≥7 points), medium
risk of bias (4 points ≤ NOS score ≤6 points), and high risk of bias
(NOS score ≤3 points).

Statistical analyses

Meta-analysis was performed using the STATA version 16.0
software. The odds ratio (OR) was selected as the effective index

for binary variables. The results were expressed as LogOR value and
95% confidence interval (CI), and the test level was α = 0.05. The
heterogeneity analyses among the included studies were determined
using the Q-test and the heterogeneity index I2, if I2 < 50% and
P > 0.05, there was no statistical heterogeneity, then the fixed-effects
model was used for meta-analysis; if I2

≥ 50% or P < 0.05, there was
statistical heterogeneity, then meta-analysis using the random-effects
model. Meta-regression was used to analyze the effect of different
rivaroxaban doses or control groups on heterogeneity. When meta-
analysis included <10 articles, publication bias analysis was not
performed. If the number of clinical studies that could be combined
was less than 2, only descriptive analysis was performed.

Results

Study selection and characteristics

In total, the literature search yielded 352 records, and among
them, 121 duplicates were removed using EndNote software and
screening titles and abstracts. By screening titles and abstracts, 196
articles were excluded which did not meet inclusion criteria or clearly
met exclusion criteria, and 35 full-text articles were obtained for
further assessment of eligibility. Finally, three studies (13–15) were
included for meta-analysis, involving 6,071 patients with NVAF and
ESKD, with 1,006 patients using rivaroxaban, 3,229 patients using
warfarin, and 1,836 patients using apixaban, and two studies (16,
17) were included for qualitative analysis. A total of 30 articles were
excluded for reasons listed in Figure 1.

Among the three studies for meta-analysis, one RCT (15)
with off-label low-dose rivaroxaban was conducted in Belgium,
two retrospective cohort studies (13, 14) with off-label low-dose
rivaroxaban or recommended dose rivaroxaban were implemented
in Chinese Taiwan and America. Follow-up times ranged from 10.4
to 36.0 months in these studies.

Patients characteristics and quality
assessment

Detailed patients’ demographics and clinical characteristics of the
included studies for meta-analysis are outlined in Table 1. In addition
to the RCT, patients with hemodialysis and NVAF were enrolled, and
the other two cohort studies included patients with ESKD or dialysis
and NVAF. The mean age of patients was approximately 70.0 years,
and patients in the RCT (15) seemed elder. The proportion of male
was between 25.0 and 60.3%, and the male patient proportion in the
RCT study was lower. The mean CHA2DS2-VASc scores were >3 in
all articles, and the follow-up duration was about 2.0 years (ranging
from 10.4 to 36.0 months).

The summary risk of bias in the two included cohort studies
[Lin (13) NOS score was 8 and Miao (14) NOS score was 9] was
determined as low quality. Risk of bias in the included RCT study
was low. The two retrospective cohort studies (13, 14) used inverse
probability of treatment weighting (IPTW) based on the propensity
score to balance the baseline characteristics of patients receiving
warfarin and rivaroxaban to reduce potential selection bias. Detailed
risk of bias of meta-analysis is outlined in Table 2.
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FIGURE 1

Flow diagram.

Efficacy and safety of mix-dose
rivaroxaban

Comprehensive analysis of the efficacy and safety of mixed-dose
rivaroxaban and controlled drugs (warfarin or apixaban) in NVAF
patients’ companions with ESKD are illustrated in Figures 2, 3. As
for the efficacy outcome, a meta-analysis demonstrated that mix-dose
rivaroxaban and the control group were found to have no statistical
difference in reducing the risk of SSE (3 studies, LogOR: −0.69, 95%
CI: −1.50 to 0.12, P: 0.06, I2: 62.2%), ICS (3 studies, LogOR: −0.41,
95% CI: −0.95 to 0.12, P: 0.49, I2: 0.0%), and SE (2 studies, LogOR:
−1.05, 95% CI: −1.86 to −0.25, P: 0.61, I2: 0.0%). When considering
safety, the treatment of mix-dose rivaroxaban seemed to produce a
comparable risk of major bleeding (3 studies, LogOR: −0.19, 95% CI:
−0.55 to 0.18, P: 0.31, I2: 20.2%) and ICH (3 studies, LogOR: −0.69,
95% CI: −1.39 to 0.02, P: 0.80, I2: 0.0%), however, conferred a lower
risk of GIB (3 studies, LogOR: 0.33, 95% CI: −0.93 to 0.26, P: 0.03, I2:
68.6%) when compared with controlled drugs.

Efficacy and safety of low-dose
rivaroxaban

A comprehensive analysis of the efficacy and safety of low-
dose rivaroxaban and warfarin in patients with NVAF and ESKD is
illustrated in Figures 4, 5. In the occurrence of thrombotic events,
low-dose rivaroxaban was found to have no statistical difference in
reducing the risk of SSE (2 studies, LogOR: −1.25, 95% CI: −2.04
to −0.46, P: 0.61, I2: 0.0%), ICS (2 studies, LogOR: −0.94, 95% CI:
−1.90 to 0.02, P: 0.58, I2: 0.0%), and SE (2 studies, LogOR: −1.04,
95% CI: −2.15 to 0.07, P: 0.61, I2: 0.0%). The treatment of low-
dose rivaroxaban showed the same risk of major bleeding (2 studies,
LogOR: −0.73, 95% CI: −1.34 to −0.12, P: 0.90, I2: 0.0%), GIB (2
studies, LogOR: −0.84, 95% CI: −1.35 to −0.33, P: 0.35, I2:0.0%),

and ICH (2 studies, LogOR: −1.03, 95% CI: −2.31 to −0.25, P: 0.64,
I2: 0.0%) when compared with warfarin.

Sensitivity analysis, meta-regression

Meta-regression was used to analyze the heterogeneity.
Considering that study design, rivaroxaban dose, and controlled
drugs might affect the study results, meta-regression was carried
out to observe whether heterogeneity was caused by these factors.
For SSE outcome, results showed that study design, rivaroxaban
dose, and controlled drug could explain 3.22, 30.4, and 0.0% of
heterogeneity, respectively. While for the GIB outcome, results
showed that study design, dose, and control drug could explain
35.8, 47.1, and 0.0% of heterogeneity, respectively. It seems that the
rivaroxaban dose may be important to the indicators of both SSE and
GIB; however, controlled drugs may contribute less to the results.

The outcome of qualitative literature

Lai et al. (16) conducted a real-world study using data from
the Taiwan Provincial Health Insurance System database. A total of
896 patients with NVAF who were receiving dialysis treatment were
included in this study, and they were divided into two groups, A and
B. Patients in group A were treated with NOACs for anticoagulation
therapy, and patients in the other group were treated with warfarin
for anticoagulation therapy. It should be noted that nearly 50% of
patients in group A received rivaroxaban, and most patients were
on low-dose therapy (15/10 mg/day). Two types of study outcomes
are as follows: the efficacy index was a composite endpoint of ICS
or SE, and the safety index was GIB, ICH, and major hemorrhage.
The time of starting anticoagulant therapy (1 June 2012) was the start
time of follow-up, and the first occurrence of outcome indicators
or reaching the end of the study (31 December 2017) was the
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TABLE 1 Demographics and clinical characteristics of the included studies.

References Study
design

Country or
region/data

source/inclusion
period

Drug Dose(s) Sample
size

Patients Age,
mean ± SD

(year)

Male
(n %)

CHA2DS2-
score,

mean ± SD

Median
follow-up
duration
(months)

Reported
outcomes

Lin et al. (13) Retrospective
cohort study

Taiwan’s Province health
insurance research

database/2013.2–2017.9

Rivaroxaban 10/15/20 mg/day 173 Patient with ESKD
and NVAF

69 ± 11 43 3.8 ± 1.5 19.1 MB, GIB, ICH

Warfarin NA 3185 69 ± 12 49 3.7 ± 1.6 27.4 SSE, ICS, SE

Miao et al. (14) Retrospective America/US IBM market scan
data/2014.1.1–2017.12.31

Rivaroxaban 20 mg/day
(71.2%);

787 ESKD or receiving
dialysis with NVAF

70 ± 13 60.3

3.0 ± 1.5 10.4

MB, GIB, ICH

<20 mg/day
(28.8%)

SSE, ICS

Apixaban 10 mg/day
(71.2%)

1836 59.7

<10 mg/day
(28.9%)

De Vriese et al.
(15)

Randomized
prospective,
open-label

Belgium/randomized/
2015.2–2019.1

Rivaroxaban 10 mg/day 46 Hemodialysis patients
with NVAF

79.9 ± 2.4 35 4.7 ± 1.4

36

MB, GIB, ICH;

Warfarin INR(3-2) 44 80.3 ±3.2 25.0 4.8 ±1.5 SSE, ICS, SE

ESKD, end-stage renal disease; NVAF, non-valvular atrial fibrillation; MB, major bleeding; GIB, gastrointestinal bleeding; ICH, hemorrhagic stroke; SSE, composite of stroke and systemic embolism; ICS, ischemic stroke; SE, systemic embolism.
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end time of follow-up, whichever occurs first. The results of the
research showed that group A had no significant difference in the
main efficacy indicators and safety indicators (all P-values > 0.1)
compared with group B (receiving warfarin treatment). However,
due to the inability to obtain the specific INR value of patients in
the database, the time in therapeutic range (TTR) of patients in
group B was not clear, so the actual anticoagulation intensity of
warfarin in group B could not be judged. That is to say, the fact
that there was no statistical difference in the anticoagulation results
between the two groups cannot be excluded due to an insufficient
actual anticoagulation intensity of warfarin. In addition, a direct
comparison between NOACs is currently lacking, and the remaining
patients in group A were anticoagulated with apixaban, dabigatran,
or edoxaban. Therefore, the possible differences in efficacy among
NOACs may prevent the pooled results from truly reflecting the
actual clinical efficacy of rivaroxaban.

Coleman et al. (17) performed a retrospective cohort study by
analyzing the US Truven Market Scan database. A total of 6,744
NVAF patients with CKD stages 4–5 or on dialysis (88% with
CKD stage 5 or on dialysis) were included in the research; among
them were 1,896 patients in group C who took rivaroxaban for
anticoagulation therapy (38.7% of patients took a dose < 20 mg/day);
4,848 patients in group D were treated with warfarin. The results
of the study indicated that rivaroxaban did not significantly reduce
the composite endpoint of stroke or SE (HR = 0.55, 95% CI| :
0.27–1.10) and ICS (HR = 0.67, 95% CI: 0.30–1.50) in group C
compared with group D (receiving warfarin). In terms of bleeding
control, rivaroxaban in group C reduced total major bleeding by 32%
compared with group D, although there was no significant difference
between group C and group D in reducing intracranial or GIB. It still
cannot be excluded that undetected confounding factors may have
influenced the study results, although the research used IPTW to
match the included population at baseline to exclude confounding.
Furthermore, in spite of the fact that the majority (88%) of the
patients included in the study had NVAF with ESKD, we cannot rule
out the possibility that the enrollment of additional patients may have
influenced the research results.

Discussion

Major findings

Based on the available evidence, the study evaluated the efficacy
and safety of rivaroxaban among NVAF patients with ESKD. We
found that mix-dose rivaroxaban was well matched in risk of
embolism (SSE, ICS, and SE) and bleeding (major bleeding and ICH)
with controlled drugs (warfarin or apixaban), but demonstrated a
lower risk of GIB, which was mainly driven by comparison with
warfarin. As for low-dose rivaroxaban (10 mg/day), no significant
difference was observed between low-dose rivaroxaban and warfarin
in all the clinical outcomes. However, owing to limited studies and
considerable heterogeneity, further prospective studies are required
to confirm these findings.

OACs in NVAF patients with ESKD

Whether NVAF patients with ESKD should receive NOACs for
stroke prevention is still controversial. When these patients receive T
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FIGURE 2

Embolism of mix-dose rivaroxaban (SSE, composite of stroke and systemic embolism; ICS, ischemic stroke; SE, systemic embolism).

anticoagulation therapy, it may be argued that NOACs lack reliable
monitoring indicators to guide clinical adjustment of medication, and
doctors still tend to give warfarin therapy (18). However, warfarin
in patients with CKD should be aware of the following risks. (1)
The risk of aggravated vascular calcification: hyperphosphatemia
associated with renal failure can stimulate the osteogenic properties
of smooth muscle cells, leading to arterial vascular calcification.
Warfarin can antagonize vitamin K, inhibit the inhibitory effect of
vitamin K-dependent matrix proteins on vascular calcification, and
further aggravate the risk of arterial vascular calcification (19). (2)
Risk of warfarin-related nephropathy (WRN): WRN is defined as
an unexplained increase in serum creatinine of more than 0.3 mg/dl
within 1 week after the onset of excessive anticoagulation of warfarin
(INR ≥ 3). The mechanism may be excessive anticoagulation with
warfarin, glomerular hemorrhage caused by thrombin exhaustion,
and red blood cell cast obstruction, leading to acute kidney injury
(AKI). The incidence of WRN in patients with CKD was 33%,
which was two times as high as that in patients with non-CKD. The
occurrence of WRN will also lead to the further deterioration of
CKD and increase the mortality of patients with CKD (20). Previous
studies have shown that warfarin increases the risk of ICS in patients
with NVAF and ESKD, and warfarin can reduce vitamin-dependent
protein matrix-carboxylic acid activation, promote plaque formation,
and cause calcium ion deposition, and these effects can cause renal

vascular calcification or direct kidney damage (21–23), which makes
its application in this part of the population skeptical.

The association between chronic inflammation and vascular
calcification has been confirmed by current studies, and the most
common source of chronic vascular inflammation is atherosclerosis
(AS) (24, 25). Factor Xa is a mediator in the initiation and acceleration
of AS. Macrophages and vascular smooth muscle cells are involved in
the progression of AS. Rivaroxaban can inhibit AS by inhibiting factor
Xa-induced protease-activated receptor 2 (PAR2)/Akt/hypoxia-
inducible factor 1α (HIF1α) signaling-mediated M1 polarization of
macrophages and high δ-like receptor 4 (Dll4) expression, which
makes it have a certain vascular protective effect (26).

Authoritative guidelines around the world currently
preferentially recommend NOACs for stroke prevention in patients
with NVAF, with the publication (27–31) of key RCTs results on
NOACs for NVAF. However, considering that NOACs rely on renal
excretion to a certain extent and their key RCTs exclude patients
with ESKD Currently, only the 2019 AHA/ACC/HRS AF guidelines
(32) in the United States state that warfarin or apixaban may be
reasonable in patients with NVAF who are dependent on dialysis,
while the 2020 version of the guidelines issued (33) by the European
Society of Cardiology and the 2021 guidelines issued (34) by the
Chinese Society of Atrial Fibrillation believe that the use of NOACs
and warfarin for stroke prevention in patients with NVAF and
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FIGURE 3

Bleeding of mix-dose rivaroxaban (MB, major bleeding; GIB, gastrointestinal bleeding; ICH, hemorrhagic stroke).

ESKD is insufficient and no clear recommendation has been formed.
Individualized treatment is recommended according to the specific
conditions of each patient.

Relevant studies of other NOACs in patients with NVAF
and ESKD are as follows: (1) Apixaban: A 2017 pharmacokinetic
study of apixaban in dialysis patients showed results as follows.
In hemodialysis patients, the administration of Apixaban (2.5 mg
bid) is comparable to the in vivo exposure of the drug at the
standard dose (5 mg bid) in patients with preserved renal function,
and apixaban (5 mg bid) leads to excessive anticoagulation in
hemodialysis patients (35). This study provides a reference for the
dosage of apixaban in dialysis patients. In addition, a retrospective
cohort study based on the United States Renal Data System, published
in the journal Circulation in 2018, included 25,523 patients with end-
stage renal disease (ESKD) (2,351 patients in the apixaban group and
23,172 patients in the warfarin group). The findings indicated little
difference in the risk of stroke/systemic embolism between apixaban
and warfarin (HR, 0.88; 95% CI, 0.69–1.12; P = 0.29); however,
apixaban is associated with a significantly lower risk of major bleeding
(HR, 0.72; 95% CI, 0.59–0.87; P ≤ 0.001). Sensitivity analyses showed
a significantly lower risk of stroke/systemic embolism and death
with the standard dose of apixaban (5 mg bid) compared with the

reduced dose of apixaban (2.5 mg bid) (stroke/systemic embolism:
HR, 0.61; 95% CI, 0.37–0.98; P = 0.04; death: HR, 0.64; 95% CI,
0.45–0.92; P = 0.01), risks for stroke/systemic embolism and death
were significantly lower compared with warfarin (stroke/systemic
embolism: HR, 0.64; 95% CI, 0.42–0.97; P = 0.04; death: HR,
0.63; 95% CI, 0.46–0.85; P = 0.003) (36). A reduced dose of
apixaban (2.5 mg bid) is recommended considering that apixaban
may increase the risk of major bleeding. (2) Dabigatran etexilate:
A study published in 2014 on the drug metabolism of dabigatran
etexilate in dialysis patients showed that after a single administration
of dabigatran etexilate before dialysis, the average peak time of
free blood concentration was 2 h (1–3 h), and the average peak
concentration was 95.5 ± 33.4 ng/ml. The mean elimination half-
lives of hemodialysis and after hemodialysis were 2.6 ± 1.3 h and
30.2 ± 7.8 h, respectively, and dabigatran was effectively removed
by hemodialysis with a clearance rate of 0.63 ± 0.07 (37). A study
based on the North American Health Care Database [Fresenius
Medical Care North America (FMCNA)] that collected and analyzed
the clinical use of dabigatran etexilate in dialysis patients showed
that dabigatran etexilate was associated with a higher risk of
hospitalization or bleeding death (RR, 1.48; 95% CI, 1.21–1.81;
P = 0.0001) compared with warfarin and a greater risk of hemorrhagic
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FIGURE 4

Embolism of low-dose rivaroxaban (SSE, composite of stroke and systemic embolism; ICS, ischemic stroke; SE, systemic embolism).

death (RR, 1.78; 95% CI, 1.18–2.68; P = 0.006). As few stroke
and arterial embolic events were studied, no meaningful differences
between drug groups were detected (38). (3) Unfortunately, for all we
know, no studies related to edoxaban were identified so far.

Rivaroxaban in NVAF patients with ESKD

The pharmacokinetics of rivaroxaban (15 mg/day) in patients
undergoing dialysis and patients with normal renal function
(CLCR ≥ 80 ml/min) have been indicated in the literature (39).
The results are declared as follows. (1) Group E (patients receiving
dialysis) were administered 2 h before hemodialysis, with an average
Cmax of 194 ng/ml, and administered 3 h after hemodialysis, with
an average Cmax of 247 ng/ml, and group F (normal renal function)
with an average Cmax of 210 ng/ml, indicating that renal function
has less effect on rivaroxaban Cmax. (2) Compared with group F,
when administered 3 h after dialysis, the mean AUC in group E was
2,907 ng·h/ml, representing a 56% increase in systemic exposure,
similar to the 52% increase in AUC in patients with moderate
renal insufficiency or the 64% increase in AUC in patients with
severe renal insufficiency (40). (3) Dosing 4 h before dialysis resulted
in only a 5% reduction in plasma AUC compared to dosing 3 h
after dialysis, suggesting that dialysis had less effect on rivaroxaban
exposure in vivo. This study demonstrated comparable drug exposure

with a single dose of rivaroxaban 15 mg in patients with moderate,
severe, or ESKD.

Only one RCT (15) reported the use of rivaroxaban for stroke
prevention in patients with NVAF and ESKD; an additional 18-
month follow-up period was extended after the completion of the
initial 18-month follow-up study. The study showed that rivaroxaban
(10 mg/day) could improve the clinical efficacy compared with
warfarin (INR 2.0–3.0), which means rivaroxaban could reduce the
risk of fatal cardiovascular disease and a composite of non-fatal
stroke, cardiac events, and other vascular events (41). Moreover,
in two other cohort studies based on the Medicare database,
Miao et al.’s (14) cohort study reported no difference between
apixaban and rivaroxaban, Lin. YC’s (13) cohort study reported
SSE was significantly lower in the rivaroxaban group and low-dose
rivaroxaban group (primarily driven by ICS) than in the warfarin
group; the major bleeding risk was similar between rivaroxaban and
warfarin users, and further analysis showed GIB risk was significantly
lower in the rivaroxaban group and low-dose rivaroxaban group than
in the warfarin group.

As in this meta-analysis, rivaroxaban carried out comparable
embolism events and bleeding; forest maps show that rivaroxaban
may be superior to warfarin, especially in reducing GIB. According to
previous studies, rivaroxaban was associated with more GIB events,
and the results of this study may have the following reasons. (1)
This study was a retrospective cohort study. Although the baseline
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FIGURE 5

Bleeding of low-dose rivaroxaban (MB, major bleeding; GIB, gastrointestinal bleeding; ICH, hemorrhagic stroke).

was matched by the propensity score matching method, the influence
of other unconsidered confounding factors on the results cannot be
excluded, and there may be the possibility of information collection
bias. (2) There were 173 cases in the rivaroxaban group and 3,185
cases in the warfarin group, and the proportion of patients in the
two groups was significantly different, which may lead to insufficient
efficacy of statistical results. (3) The use of proton pump inhibitors
could not be obtained from the literature during the treatment
of patients with oral anticoagulant drugs. Considering the actual
clinical medication, patients taking rivaroxaban tend to use proton
pump inhibitors, and it cannot be excluded that the proportion of
patients taking rivaroxaban combined with proton pump inhibitors
is higher, which leads to a reduction in GIB events in this group.
(4) Patients with ESKD are prone to excessive anticoagulation
(abnormally elevated INR) due to fluctuating INR during warfarin
therapy. The TTR target value is ≥70% (42) in patients with CKD.
The higher rate of GIB in the warfarin group due to substandard TTR
cannot be ruled out.

Considering 10 mg of rivaroxaban administered to chronic
hemodialysis patients had similar pharmacokinetic outcomes to
20 mg given to healthy volunteers (43). We suggest that rivaroxaban
10 mg may be an alternative in such kind of population. However,
the increased risk of bleeding, in particular of hemorrhagic stroke
should take into account when assessing the overall effect of VKA
in hemodialysis patients. Results from a large phase III clinical trial
of rivaroxaban showed a significant reduction in ICH (0.5 vs. 0.7%,

P = 0.02) and fatal bleeding (0.2 vs. 0.5%, P = 0.003) in rivaroxaban
compared with warfarin for stroke prophylaxis with AF (31). In 2016,
Joji Hagii et al. (44) initiated rivaroxaban treatment in 65 patients
with acute cardiogenic stroke 5 days after onset. By measuring anti-
Xa activity, assessing plasma prothrombin fragment 1 + 2 (F1 + 2),
prothrombin time (PT), and rivaroxaban concentrations, among the
findings, Rivaroxaban maintained normal thrombin production even
at peak concentrations, while therapeutic levels of warfarin inhibited
thrombin production, and the study may partly explain the different
outcomes in patients with bleeding events. However, patients with
ESKD were excluded from the above clinical trials, and the results
cannot be directly extrapolated to this population.

In addition, considering that the dose-response relationship of
anticoagulants is related to race, this is related to the anticoagulant
efficacy of the drug itself and the pharmacokinetics in vivo. The
dose stratification in this study was based on the FDA-approved
dose of rivaroxaban for NVAF (20 mg/day when CrCl ≥ 50 ml/min,
15 mg/day when 15 ml/min ≤ CrCl < 50 ml/min). With
the publication of J-ROCKET study data (30), rivaroxaban was
prescribed at 15 mg/day for CrCl ≥ 50 ml/min and at 10 mg/day
for 30 ml/min ≤ CrCl < 50 ml/min for patients with NVAF, which
is basically consistent with the results of the global ROCKET AF
trial (31), but the incidence of GIB in the rivaroxaban group in the
J-ROCKET study was lower than in the warfarin group, and unlike
the global ROCKET AF trial, this difference does not rule out racial
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differences. Based on this result, this dose has been approved for
stroke prophylaxis with NVAF in Japan and Taiwan, China. However,
considering that rivaroxaban 10 mg/day has limited data on the
Chinese mainland, this is still consistent with FDA approval. One
(13) of the three studies analyzed quantitatively was from an Asian
population in Taiwan, China, and the other two (14, 15) were from
a European population in the United States and Belgium. Although
there was no significant heterogeneity in embolic and bleeding events
at mixed and low doses in this study and only high heterogeneity
(62.2 and 68.6%) between SSE and GIB at mixed doses, it was not
ruled out that differences between different ethnic groups were not
manifested due to the small number of studies. Similarly, for patients
with NVAF and ESKD, it is also necessary to consider the different
dose requirements caused by different races when taking rivaroxaban.

The study population included in this study was NVAF patients
with ESKD, but there was only one RCT with a small sample size,
and the rest were cohort studies, which also limited the extrapolation
of the results. Meta-analysis achieves the purpose of increasing the
sample size and improving the test power by combining similar
studies. However, due to the limitations of current clinical research,
the number of articles included in this meta-analysis is small,
especially given the small number of patients in the rivaroxaban
group, so RCTs with large sample sizes are still needed to confirm
the study results.

Very low-dose rivaroxaban (2.5 mg two times daily) has been
recommended for patients with acute coronary syndromes to
improve survival, primarily based on the results of the ATLAS ACS
2–TIMI51 study, which was published in the New England Journal
in 2012 (45). The study also prescribed a 10 mg/day dosing regimen
(5 mg/time two times daily), but the guidelines did not recommend
a 10 mg/day regimen for rivaroxaban because it did not significantly
reduce the risk of death from cardiovascular causes compared with
placebo and increased bleeding compared with rivaroxaban 5 mg/day
dosing regimen. However, the study was conducted with rivaroxaban
in combination with antiplatelet drugs (98.7% in combination with
aspirin), and the study excluded patients with CrCl < 30 ml/min, and
the cardiovascular benefit and bleeding risk of rivaroxaban 5 mg/day
alone in patients with NVAF and ESKD are uncertain.

Study strengths and limitations

To the best of our knowledge, this is the first study that focuses
on the benefits and harms of NVAF patients with ESKD treated with
rivaroxaban. According to the retrieval and screening of published
literature systematically and combined analysis of relevant studies,
we provide a reference for clinicians when prescribing anticoagulants
to such kind of a population. However, some limitations need to
be acknowledged. First, there were only three studies that could be

quantitatively analyzed, and only one was an RCT. Although the two
retrospective cohort studies balanced the baseline characteristics of
patients by using IPTW, the risk of bias in the included studies was all
determined to be low. Second, labile INR data were not accessible in
the cohort study, which used warfarin as the control drug. Ultimately,
considering the small number of patients included in this study,
the results of this study still need to be further validated in NVAF
patients with ESKD.
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