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Abstract

Background Currently published studies have not observed consistent results on the efficacy and safety of direct
oral anticoagulants (DOACs) use in patients with chronic kidney disease (CKD) combined with atrial fibrillation (AF).
Therefore, this study conducted a meta-analysis of the efficacy and safety of DOACs for patients with AF complicated
with CKD.

Methods Database literature was searched up to May 30, 2023, to include randomized controlled trials (RCT) involv-
ing patients with AF complicated with CKD DOACs and vitamin K antagonists (VKAs). Stroke, systemic embolism (SE),
and all-cause mortality were used as effectiveness indicators, and major bleeding, intracranial hemorrhage (ICH), fatal
bleeding, gastrointestinal bleeding (GIB), and clinically relevant non-major bleeding (CRNMB) were used as safety
outcomes.

Results Nine RCT studies were included for analysis according to the inclusion criteria. Results of the efficacy analysis
showed that compared with VKAs, DOACs reduced the incidence of stroke/SE (OR=0.75, 95% Cl 0.67-0.84) and all-
cause deaths (OR=0.84, 95% Cl 0.75-0.93) in patients with AF who had comorbid CKD. Safety analyses showed

that compared with VKAs, DOACs improved safety by reducing the risk of major bleeding (OR=0.76, 95%Cl 0.65-0.90),
ICH (OR=0.46, 95%Cl 0.38-0.56), and fatal bleeding (OR=0.75, 95%C| 0.65-0.87), but did not reduce the incidence

of GIB and CRNMB.

Conclusion Compared with VKAs, DOACs may increase efficacy and improve safety in AF patients with CKD (90 ml/
min> Crcl>15 ml/min), and shows at least similar efficacy and safety in AF patients with Kidney failure (Crcl<15 ml/
min).

Keywords Direct oral anticoagulants, Chronic kidney disease, Kidney failure, Atrial fibrillation, meta-analysis

Introduction
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oral anticoagulants (OACs), including VKAs and direct
oral anticoagulants (DOACs), are one of the preferred
treatments for patients at risk of thromboembolism [2].
Compared with warfarin, DOACs is gradually being
widely used in the clinic because of its fixed-dose, shorter
half-life, and rapid elimination after discontinuation [3].
In addition, it has been shown that compared with war-
farin, DOACs used in patients with atrial fibrillation with
normal renal function can lead to a significant reduction
in the risk of thrombosis and hemorrhage [4, 5], and the
efficacy and safety have been clinically proven to be supe-
rior to that of warfarin [6, 7].

VKAs are metabolized by the liver and no dose adjust-
ment is required in renal insufficiency. In contrast,
DOACs has varying degrees of renal clearance, with
approximately 80% of dabigatran, 50% of edoxaban, 35%
of rivaroxaban, and 27% of apixaban excreted [8]. Owing
to the exclusion of patients with advanced-stage CKD
from phase 3 clinical trials of DOACs, the utilization of
DOAC: has lagged behind in this specific population. In
dialysis patients, the utilization of VKAs poses height-
ened risks such as renal calcification and diminished
platelet production due to renal failure, thus increasing
the likelihood of bleeding within the typical INR range
compared to the general population. Patients undergo-
ing hemodialysis are subject to systemic heparin antico-
agulant therapy during the treatment period. However,
studies assessing bleeding complications in hemodialysis
patients treated with AVKs or DOACs have not taken
into consideration the extent of heparinization during
hemodialysis treatment. Therefore, the efficacy and safety
of DOAC:s in AF patients combined with CKD, particu-
larly in cases involving kidney failurehas been contro-
versial. The current literature review indicates that, in
patients with moderate CKD, dabigatran and apixaban
exhibit superior efficacy over VKAs in reducing the inci-
dence of stroke and systemic embolism. However, no
statistically significant differences emerge between apixa-
ban, rivaroxaban, and VKAs in this regard. In terms of
major bleeding risk reduction, edoxaban, apixaban, and
VKAs demonstrate more favorable outcomes compared
to VKAs alone. Conversely, no notable distinction is
observed between rivaroxaban and dabigatran etexilate
in this aspect [9]. A meta-analysis conducted by T. Ha
et al. found insufficient evidence to determine the supe-
riority of VKAs or DOACs in AF patients with advanced
CKD [10]. Another study showed that DOACs were not
associated with a reduced risk of thromboembolism in
AF patients on long-term dialysis, whereas VKAs, dabi-
gatran, and rivaroxaban were associated with a signifi-
cantly higher risk of bleeding compared with apixaban
and no anticoagulants [11]. However, one study showed
that DOACs was significantly more effective and safer

Page 2 of 19

than VKAs in patients with CKD or ESRD combined
with AF [12]. In addition, a meta-analysis of the use of
DOACs and VKAs in end-stage dialysis patients showed
at least similar efficacy and safety [13].

Therefore, to better investigate the efficacy and safety
of DOAC:s use in patients with CKD combined with AF,
the present study conducted a systematic review and
meta-analysis of the available evidence from randomized
controlled trials (RCTs) to inform clinical medication
decisions.

Methods

We conducted a systematic review and meta-analysis of
DOACs and VKAs for patients with AF comorbid CKD.
CKD is defined as abnormalities of kidney structure or
function, present for >3 months, with implications for
health. CKD is classified based on Cause, GFR category
(G1-G5), and Albuminuria category (A1-A3) [14]. Renal
insufficiency was defined as patients with CrCl<95 ml/
min, and patients with CrCl<15 ml/min were defined
as patients with kidney failure [15]. This study was
conducted under the Preferred Reporting Initiative
(PRISMA), registration number: CRD42023451323 [16].

Search strategies

The PubMed and Web of Science databases were
searched and the time frame was from the creation of
the database to May 31, 2023. To ensure a comprehen-
sive literature search, we also identified additional studies
by searching the reference lists of the literature. Search
words: (“dabigatran” or “rivaroxaban” or “apixaban” or
“edoxaban” or “NOAC” or “DOAC” or “non-vitamin K
antagonist oral anticoagulantacting” or “novel oral anti-
coagulant” and “warfarin” or “coumadin” or “vitamin K
antagonist”) and (“renal insufficient” or “kidney disease”
or “chronic renal insufficiency” or “end-stage renal disease”
or “renal dialysis or hemodialysis” and “atrial fibrillation”
or “kidney failure”). Detailed search strategies for each
database are provided in Table S1.

Study selection
Inclusion criteria: (1) RCT; (2) The study was conducted
in AF patients with CKD; (3) DOAC s, including com-
parative studies of apixaban, rivaroxaban, edoxaban, and
dabigatran with VKAs. Both control and experimen-
tal groups reported at least one bleeding or thrombosis
occurrence data; (4) Full text was available and relevant
data could be extracted.

Exclusion criteria: (1) Patients with AF not comorbid
with CKD; (2) Duplicate studies or incomplete experi-
mental data.
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Data extraction and study outcomes

Data extraction was done independently by two research-
ers (YL and SW). If there was a dispute, it will be dis-
cussed and resolved by a third researcher (JZ) to reach a
consensus. Regarding missing data, we endeavor to com-
municate with the authors of the primary studies in an
effort to obtain any unavailable data. If this proves unfea-
sible, we resort to the exclusion of studies with missing
data. It is crucial to note, however, that this exclusion-
ary approach may introduce selection bias if the missing
data not missing completely at random. Furthermore, to
ensure the reliability and robustness of our findings, we
undertake a sensitivity analysis, scrutinizing the impact
of varying scenarios on our results.

The following data were extracted from each study:
study information (authors, year of publication), study
characteristics (study population, sample size, duration
of follow-up), intervention, and outcome indicators. Effi-
cacy indicators were stroke, SE, and all-cause deaths.
Safety indicators were major bleeding, intracranial hem-
orrhage (ICH), fatal bleeding, gastrointestinal bleeding
(GIB), clinically relevant nonmajor bleeding (CRNMB),
and minor bleeding.

Quality assessment

Using the Cochrane Collaboration Risk Assessment Tool
[17], two authors independently evaluated each paper for
bias in seven areas: generation of randomized sequences,
allocation concealment, blinding of subjects and inves-
tigators, blinding of outcome evaluations, completeness
of outcome data, selective reporting of outcomes, and
other biases. The level of risk of bias was evaluated as
“high’;, “low”; and “unclear”. If there is a dispute, another
researcher (JZ) will evaluate it and help to solve the
problem.

Statistical analysis

Data on the incidence of all-cause death, stroke, SE,
major bleeding, ICH, fatal bleeding, GIB, CRNMB, and
minor bleeding were extracted for the inclusion of the
experimental group and the control group. Forest plots
were made using Review Manager 5.3 software. P-value,
odds ratio (OR), and 95% confidence interval (Cl) were
used as indicators of statistical differences in the com-
parison of the two groups. P-value<0.05 and 95% Cl
not containing 1 were considered as statistically signifi-
cant differences. Statistical heterogeneity of the included
studies was assessed using the Cochrane g-test p-value
and I* statistic, where a Cochrane g-test p-value<0.1 or
P value>50% indicated significant heterogeneity. Fixed-
effected model was used to calculate the pooled ORs and
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its 95% confidence interval (CI) if g-test p-value>0.10
and P?<50%. Otherwise, the random-effect model was
applied.

Sensitivity analyses and subgroup analyses were also
performed to look for sources of heterogeneity. In sec-
ondary analyses, data on dabigatran were excluded and
the meta-analysis was re-run considering that the direct
thrombin inhibitor dabigatran has the highest rate of
renal excretion and renal function has a greater impact
on it. In addition, to analyze whether DOACs and renal
function levels affect the study indexes, subgroup analy-
ses were performed according to the type of DOACs and
the level of renal function of the patients. Since less than
ten papers were included in this study, publication bias
detection was not performed.

Results

Literature search

According to the search strategy, a total of 2997 papers
were included, 695 duplicates were removed, and 500
papers of special types (review, case, letter, guideline,
comment, animal) were removed. After reading the
titles and abstracts and removing uncontrolled studies,
reviews, and literature that could not be accessed in full
text, the remaining 55 could be downloaded in full text
for reading. After removing 25 of the cohort studies,
as well as 21 of the literature with incomplete data that
could not be extracted as relevant, and 1 of the literature
with data that could not be transformed [18], the remain-
ing 9 randomized controlled studies were included in the
meta-analysis [19-27] The flow chart for inclusion in the
study is shown in Fig. 1.

Baseline characteristics of included studies

The baseline characteristics of the included studies are
shown in Table 1. Nine randomized controlled stud-
ies with 15 subgroups were included in this study. The
experimental group drugs DOACs included apixaban
[19, 25-27], rivaroxaban [20, 22, 24], dabigatran [21],
and edoxaban [23]. The control drugs were dose-adjusted
VKAs with INR values controlling between 2 and 3
except in literature where the control drug was warfarin
(or matching placebo) [19] or phenprocoumon [27]. A
total of 47,298 people were included, including 26,245 in
the DOACs group and 21,053 in the VKAs group Table 2.

Quality assessment

Nine articles were at low risk for randomized sequence
generation, completeness of outcome data, selective
reporting of results, and other biases. Three articles were
at high risk for allocation concealment and two were
unclear. Three articles were at high risk for blinding of
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Identification

Records identified through database
searching (n=2997):
PubMed (n=1176)
Web of Science (n=1821)

l

Records after duplicates removed (n=2302)

Screening

Records excluded by title and

abstract review (n=500)

(n=1802)

Full-text articles assessed for eligibility

Eligibility

(n=55)

Studies included in qualitative synthesis

Included

Studies included in qualitative synthesis
(meta-analysis) (n=9)

Fig. 1 Flow chart for inclusion of studies

subjects and investigators, and one article was unclear
about blinding of results (Fig. 2).

Trial sequential analysis

Trial Sequential Analysis (TSA) was conducted in this
study for various outcome indicators. A two-sided type I
error probability («) of 0.05 and type II error probability
(B) of 0.20 were established, along with the definition of
the Required Information Size (RIS). The control group’s
incidence was computed using the data from the included
studies. The TSA results showed the cumulative Z curves
for stroke or SE, ICH and fetal bleeding crossed both the
conventional and TSA boundaries and reached the the
required information size (RIS), indicating that the meta-
analysis results were stable and statistically significant
(Fig. 3C, F, J). The cumulative Z curves for all-cause death
and major bleeding crossed the traditional threshold and
TSA threshold, further confirming the credibility of the
synthesized data (Fig. 3D, E). The cumulative Z curves
for stroke, minor bleeding, GIB crossed conventional
test boundary; however, they did not cross Alpha-spend-
ing boundary, nor did it reach the required information
size (Fig. 3A, I, G). And the cumulative Z curves for SE
and CRNMB did not cross trial sequential monitoring
boundaries, and the sample size did not reach the RIS,
suggesting no conclusive evidence to support a statisti-
cally significant difference in reducing SE and CRNMB,

and larger randomized controlled trials are warranted to
further investigate these outcomes (Fig. 3B, H).

Efficacy analysis
Comparison of efficacy metrics for stroke, SE, and all-
cause death between DOACs and VKAs groups.

4 studies with a total of 6 data sets compared stoke,
resulting in a 21% reduction in incidence with DOACs:,
although there was no statistically significant difference
(P=0.008, OR=0.79, 95% CI 0.67—0.94) and no significant
heterogeneity between groups (P=0.35, I?=10%) (Fig. 4).

Three studies with a total of 5 data sets compared
SE, resulting in a 33% reduction in the incidence of
DOAGC:s, although there was no statistically significant
difference in the results (P=0.25, OR=0.67, 95%CI
0.34-1.32), and there was no significant heterogeneity
between the groups (P=0.63, I*=0%) (Fig. 5).

There were 4 studies with a total of 8 data sets com-
paring stroke or SE. DOACs reduced the incidence by
25% compared with VKA, a statistically different result
(P<0.001, OR=0.75, 95% CI 0.67-0.84), with no het-
erogeneity between groups (P=0.07, I*=46%) (Fig. 6).

A total of 13 data sets from 7 studies compared
all-cause deaths. The results were statistically signifi-
cant when comparing the DOACs group to the VKAs
group, with a 16% reduction in incidence with DOACs
(P=0.0007, OR=0.84, 95% CI 0.75-0.93), with heteroge-
neity between groups (P=0.01, I*=53%) (Fig. 7).
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Safety analysis

Safety metrics such as major bleeding, ICH, and fatal
bleeding were compared between the DOACs and VKAs
groups.

A total of 9 studies with 15 data sets compared the
incidence of major bleeding and the results were statis-
tically different. DOACs compared with VKAs reduced
the incidence by 24% (P=0.001, OR=0.76, 95%CI 0.65—
0.90), and there was heterogeneity between the groups
(P<0.001, ’=73%) (Fig. 8).

A total of 6 studies with 10 data sets compared ICH
incidence. There was a significant difference between the
two groups, with DOACs reducing the incidence by 54%
(P<0.001, OR=0.46, 95%CI 0.38-0.56) and no heteroge-
neity between groups (P=0.25, I>=20%) (Fig. 9).

A total of 5 studies with 10 datasets compared the inci-
dence of fatal bleeding and there was a significant differ-
ence between the two groups, with DOACs reducing the
incidence by 25% (P<0.001, OR=0.75, 95%CI 0.65—0.87).
There was no heterogeneity between the groups (P =0.44,
I*=0%) (Fig. 10).

A total of 4 studies with 6 data sets compared GIB,
with no significant difference between the two groups
(P=0.01, OR=1.30, 95% CI 1.07-1.58) and no heteroge-
neity between the groups (P=0.35, I>=10%) (Fig. 11).

A total of 3 studies with 3 data sets compared CRNMB.
There was no significant difference between the two
groups (P=0.83, OR=0.99, 95% CI 0.88-1.11) and no

heterogeneity between groups (P=0.80, I*=0%). Forest
plot results (Fig. 12).

A total of 2 studies with 4 sets of data compared minor
bleeding. DOACs reduced the incidence by 13%, sta-
tistically different between the two groups (P=0.03,
OR=0.87, 95% CI 0.77-0.99), with no heterogeneity
between the groups (P=0.39, I’=0%) (Fig. 13).

Sensitivity analysis

There was heterogeneity in all-cause deaths. Further sen-
sitivity analyses showed a decrease in I* from 53 to 32%
after the removal of the Hijazi et al. 2014c group [21],
indicating that the CrCl 30-50 ml/min dabigatran 110
mg group was a possible source of heterogeneity in the
all-cause deaths.

There was heterogeneity in the incidence of major
bleeding. Further sensitivity analyses showed a decrease
in 7 from 73 to 55% after removal in the Hohnloser et al.
2012, al group [19], from 73 to 68% after removal in the
Hohnloser et al. 2012, a2 group [19], and from 73 to 19%
after simultaneous removal in both groups, which sug-
gests that there is a possible source of heterogeneity in
major bleeding in the apixaban group.

Subgroup analysis

For AF patients with CKD, subgroup analyses per-
formed differently for DOACs showed that rivaroxaban
and apixaban were superior in reducing all-cause deaths
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Fig. 3 TSA results for various outcome measures in AF patients with CKD treated with DOACs versus VKAs. A stroke, B SE, C stroke or SE, D all-cause
deaths, E major bleeding, F ICH, G GIB, H CRNMB, I minor bleeding, J fetal bleeding

compared with VKAs, with rivaroxaban reducing the P=0.44). There was heterogeneity between groups
incidence by 25% (P=0.01, OR=0.75, 95% CI 0.60-0.93)  (P=0.1, ’=51.7%), suggesting that different DOACs may
and apixaban reducing the incidence by 29% (P<0.001, be a source of heterogeneity (Figure S1).

OR=0.71, 95% CI 0.62-0.81). There was no statistical Subgroup analyses of AF patients with kidney failure
difference between edoxaban and dabigatran (P=0.09; differing for DOACs showed that neither rivaroxaban nor
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Fig.4 Forest plot for stroke in AF patients with CKD treated with DOACs versus VKAs. c1: CrCl 30-50 ml/min, edoxaban 30 mg daily; c2: CrCl 50-95
ml/min, edoxaban 60 mg daily; d1: CrCl < 15 ml/min, rivaroxaban 10mg daily; d2: CrCl < 15 ml/min, rivaroxaban and vitamin K2
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Fig.5 Forest plot for SE in AF patients with CKD treated with DOACs versus VKAs. c1: CrCl 30-50 ml/min, edoxaban 30 mg daily; c2: CrCl 50-95 ml/
min, edoxaban 60 mg daily; d1: CrCl < 15 ml/min, rivaroxaban 10mg daily; d2: CrCl < 15ml/min, rivaroxaban and vitamin K2
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Fig. 6 Forest plot for stroke or SE in AF patients with CKD treated with DOACs versus VKAs. a1: CrCl 51-80 ml/min, apixaban 5 mg twice daily or 2.5
mg twice daily; a2: CrCl<50 ml/min, apixaban 5 mg twice daily or 2.5 mg twice daily; b1: CrCl 50-80 ml/min, dabigatran 110 mg twice daily; b2: CrCl
50-80 ml/min, dabigatran 150 mg twice daily; b3: CrCl 30-49 ml/min, dabigatran 110 mg twice daily; b4: CrCl 30-49 ml/min, dabigatran 150 mg
twice daily
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apixaban reduced the incidence of all-cause deaths com-
pared with VKAs (Figure S2).

Subgroup analysis showed that DOACs reduced all-
cause deaths in patients with CrCl 50-95 ml/min with

heterogeneity between groups (P<0.001, OR=0.82, 95% CI
0.75-0.90, >=51%), and did not reduce all-cause deaths in
patients with CrCl<30 ml/min. There was no heterogene-
ity between groups (P=0.69, I*=0%) (Figure S3).
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Fig.7 Forest plot for all-cause deaths in AF patients with CKD treated with DOACs versus VKAs. a1: CrCl 51-80 ml/min, apixaban 5 mg twice daily
or 2.5 mg twice daily; a2: CrCl <50 ml/min, apixaban 5 mg twice daily or 2.5 mg twice daily; b1: CrCl 50-80 ml/min, dabigatran 110 mg twice daily;
b2: CrCl 50-80 ml/min, dabigatran 150 mg twice daily; b3: CrCl 30-49 ml/min, dabigatran 110 mg twice daily; b4: CrCl 30-49 ml/min, dabigatran
150 mg twice daily; c1: CrCl 30-50 ml/min, edoxaban 30 mg daily; c2: CrCl 50-95 ml/min, edoxaban 60 mg daily; d1: CrCl<15 ml/min, rivaroxaban
10 mg daily; d2: CrCl<15 ml/min, rivaroxaban and vitamin K2
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Fig. 8 Forest plot for major bleeding in AF patients with CKD treated with DOACs versus VKAs. a1: CrCl 51-80 ml/min, apixaban 5 mg twice daily
or 2.5 mg twice daily; a2: CrCl <50 ml/min, apixaban 5 mg twice daily or 2.5 mg twice daily; b1: CrCl 50-80 ml/min, dabigatran 110 mg twice daily.
b2: CrCl 50-80 ml/min, dabigatran 150 mg twice daily. b3: CrCl 30-49 ml/min, dabigatran 110 mg twice daily; b4: CrCl 30-49 ml/min, dabigatran
150 mg twice daily; c1: CrCl 30-50 ml/min, edoxaban 30 mg daily; c2: CrCl 50-95 ml/min, edoxaban 60 mg daily; d1: CrCl<15 ml/min, rivaroxaban
10 mg daily; d2: CrCl<15 ml/min, rivaroxaban and Vitamin K2

For AF patients with CKD, subgroup analyses dif- 0.70-0.97), and no significant difference between rivar-
fering according to DOACs showed that apixaban oxaban and dabigatran (P=0.95; P=0.14). Heterogene-
significantly reduced the incidence of major bleed- ity existed between the different DOACs study groups
ing compared with VKAs (P<0.001, OR=0.47, 95% (P=0.0004, P=83.7%), suggesting that the differ-
CI 0.34-0.64); edoxaban reduced the incidence of ent DOACs may be the source of the heterogeneity in
major bleeding by 18% (P=0.02, OR=0.82, 95% CI  major bleeding (Figure S4).
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Fig.9 Forest plot for ICH in AF patients with CKD treated with DOACs versus VKAs. b1: CrCl 50-80 ml/min, dabigatran 110 mg twice daily. b2: CrCl
50-80 ml/min, dabigatran 150 mg twice daily. b3: CrCl 30-49 ml/min, dabigatran 110 mg twice daily; b4: CrCl 30-49 ml/min, dabigatran 150 mg
twice daily; c1: CrCl 30-50 ml/min, edoxaban 30 mg daily; c2: CrCl 50-95 ml/min, edoxaban 60 mg daily
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Fig. 10 Forest plot for fetal bleeding in AF patients with CKD treated with DOACs versus VKAs. b1: CrCl 50-80 ml/min, dabigatran 110 mg twice
daily. b2: CrCl 50-80 ml/min, dabigatran 150 mg twice daily. b3: CrCl 30-49 ml/min, dabigatran 110 mg twice daily; b4: CrCl 30-49 ml/min,
dabigatran 150 mg twice daily; c1: CrCl 30-50 ml/min, edoxaban 30 mg daily; c2: CrCl 50-95 ml/min, edoxaban 60 mg daily; d1: CrCl<15 ml/min,

rivaroxaban 10 mg daily; d2: CrCI<15 ml/min, rivaroxaban and Vitamin K2

Subgroup analysis of AF patients with Kidney failure
with different DOACs showed that neither rivaroxaban
nor apixaban reduced the incidence of major bleeding
compared with VKAs (Figure S5).

Subgroup analyses based on renal function levels
showed that, in terms of major bleeding, compared
with VKAs, DOACs reduced the incidence by 21% in
patients with CrCl 50-95 ml/min (P=0.02, OR=0.79,
95% CI 0.64-0.96); by 67% in patients with CrCl 15-29
ml/min (OR 0.33, 95% CI 0.13—-0.80). There was no sig-
nificant difference in patients with CrCl 30-49 ml/min
and CrCl<15 ml/min (P=0.28; P=0.18). There was no

heterogeneity between groups for different renal function
subgroups (P=0.20, I?=34.8%) (Figure S6).

Discussion

The current study shows that in patients with AF com-
bined with CKD, DOACs may be able to reduce the
incidence of stroke and SE as well as all-cause deaths
compared with VKAs in terms of efficacy. In terms of
safety, it may reduce the incidence of major bleeding,
ICH, fatal bleeding, and minor bleeding, and may not
reduce the incidence of GIB and CRNMB. Subgroup
analyses showed that [1] in AF patients with comorbid



Li et al. Thrombosis Journal (2024) 22:40

DOAC VKA

Page 15 0of 19

Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI M-H E"fif 95% Cl
A. Bohula 2016, c1 51 1379 43 1361 24.2% 1.18[0.78, 1.78]

A. Bohula 2016, c2 155 4060 109 4148 60.2%
D. Pokomey 2022 4 82 7 72 41%
Hori 2012 3 141 2 143 1.1%
Vriese 2021, d1 9 46 12 44 5.7%
Vriese 2021, d2 13 42 12 4  47%
Total (95% CI) 5750 5812 100.0%
Total events 235 185

Heterogeneity: Chi* = 5,54, df = 5 (P = 0.35); ¥ = 10%
Test for overall effect: Z = 2.59 (P = 0.010)

1.47 [1.15, 1.89] =
0.48 [0.13, 1.70)
1,53 [0.25, 9.31]
0.65 [0.24, 1.74]
1.20 [0.47, 3.04]

——
—

1.30 [1.07, 1.58] +*

1 Il i ]
I 1

001 0.1 1 10 100
Favours [DOAC] Favours [VKA)

Fig. 11 Forest plot for GIB AF patients with CKD treated with DOACs versus VKAs. c1: CrCl 30-50 ml/min, edoxaban 30 mg daily; c2: CrCl 50-95 ml/
min, edoxaban 60 mg daily; d1: CrCl<15 ml/min, rivaroxaban 10 mg daily; d2: CrCl<15 ml/min, rivaroxaban and Vitamin K2
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Fig. 12 Forest plot for CRNMB in AF patients with CKD treated with DOACs versus VKAs
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Fig. 13 Forest plot for minor bleeding in AF patients with CKD treated with DOACs versus VKAs. c1: CrCl 30-50 ml/min, edoxaban 30 mg daily; c2:
CrCl 50-95 mil/min, edoxaban 60 mg daily; d1: CrCl < 15 ml/min, rivaroxaban 10mg daily; d2: CrCl < 15 ml/min, rivaroxaban and Vitamin K2

CKD (90 ml/min> Crcl>15 ml/min), apixaban and rivar-
oxaban reduced all-cause deaths, apixaban and dabi-
gatran reduced the incidence of stroke or SE, apixaban
and edoxaban reduced the incidence of major bleeding,
and edoxaban and dabigatran reduced ICH and fatal
bleeding, compared to VKAs [2]. In AF patients with
comorbid kidney failure, there were no significant dif-
ferences in the efficacy and safety of rivaroxaban com-
pared with VKAs, except for an advantage in reducing
stroke and fatal bleeding, while there were no significant
differences in the efficacy and safety of apixaban. Upon

excluding direct thrombin inhibitors, specifically dabi-
gatran, the analysis revealed that inhibitors targeting
thrombin and factor X can further diminish the occur-
rence of stroke or systemic embolism, all-cause mortal-
ity, massive bleeding, and fatal bleeding in patients with
CKD.

In this study, we found that apixaban and dabigatran
were superior to VKAs in reducing stroke and SE in
patients with CKD and that there was no significant dif-
ference between rivaroxaban and edoxaban compared
with VKAs. Apixaban and edoxaban reduced the risk of
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major bleeding significantly compared to VKAs, which
is similar to the findings of Feldberg et al. [9], but when
compared to VKAs, edoxaban and dabigatran had a sig-
nificant advantage in reducing ICH and fatal bleeding,
and rivaroxaban and apixaban had a significant advan-
tage in reducing all-cause deaths, which was not reported
by Feldberg et al. The study conducted by Feldberg et al.
included only six RCTs, evaluated only stroke, SE, and
hemorrhage, and included aspirin in addition to VKAs
in the control group. In contrast, this paper uses 9 RCTs,
all of which were conducted in patients with AF, and all
of which had VKAs including warfarin as the control
drug, making the results more comparable. Comparison
with the analysis of Kuno et al. [11] in terms of efficacy.
In terms of safety, Kuno et al. concluded that the use of
anticoagulants increased the risk of bleeding in dialy-
sis patients, whereas our study showed a similar risk of
bleeding. The reason for this may be that Kuno et al.
included 16 observational studies, which considered
dialysis patients excluded from RCT trials, only 2 stud-
ies out of 16 combined AF, and there was a high degree
of heterogeneity in the studies. In contrast, 3 RTC trials
were included in our study of dialysis patients. RCT tri-
als have strict nadir criteria and the level of evidence for
their results is higher than that of observational studies.
A study by Chen et al. showed that DOACs was signifi-
cantly more effective and safer than warfarin in patients
with CKD combined with AF [12]. The study by Chen
et al. included 6 RCTs and 19 observational studies; there
were no RCTs for Kidney failure, and 2 of these studies
reported on venous thromboembolism populations non-
AF populations. Whereas our article used all RCT stud-
ies with a high level of evidence, including 3 RCTs with a
CrCl<15 ml/min. Secondly, Chen et al. analyzed stroke,
SE, and VTE together as the same efficacy outcome,
which may introduce bias due to the differences in patho-
mechanisms of SE and VTE. Chen et al. did not conduct
further subgroup analysis based on renal function staging
and failed to analyze the effectiveness and safety of kidney
failure combined with AF patients. The preceding meta-
analysis, concentrating on end-stage patients, aligns with
our study’s findings [13]. Li et al’s investigation encom-
passed one randomized controlled trial and five observa-
tional studies. Despite our inclusion of three randomized
controlled trials, it is noteworthy that due to recruit-
ment challenges in some of these trials, the level of evi-
dence in our study did not surpass that of Li et al’s. Both
investigations illustrated that the use of DOACs, namely
rivaroxaban or apixaban, in patients with kidney failure
combined with AF yielded comparable efficacy and safety
outcomes to those observed with VKAs. A meta-analysis
concerning AF patients with kidney failure, comparing
DOACs and warfarin, utilized three RCTs [28]; however,
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one study had missing data [24]. Their outcome measures
focused solely on major bleeding, systemic embolism,
and cardiovascular death, lacking the depth of analysis
found in our article. Additionally, our study included a
subgroup analysis of patients with CrCl between 15 ml/
min and 90 ml/min, augmenting overall comprehen-
siveness and persuasiveness. Another meta-analysis on
DOACs and warfarin in AF patients with CKD did not
specifically explore kidney failure patients with distinct
physiological and functional changes [29]. This analysis
relied on five pre-2016 RCTs and 14 observational stud-
ies. In contrast, a network meta-analysis concluded that
DOAC:s out performed warfarin in preventing thrombo-
embolic events and reducing bleeding risk in AF patients
with mild to moderate kidney disease [30]. However, the
study acknowledged a limitation in the strength of evi-
dence, precluding a definitive preference for a particu-
lar DOACs. Conversely, our study suggests an elevated
risk of bleeding without significant benefits from OACs
in dialysis patients with AF. In comparison to previous
meta-analyses on the efficacy and safety of DOACs and
VKAs in AF patients with CKD. This article incorporates
nine RCTs with robust evidence levels, encompassing
all DOACs. Among these, three RCTs were specifically
scrutinized concerning patients with kidney failure, with
two employing apixaban and one utilizing rivaroxaban.
The use of warfarin in dialysis patients is associated with
an increased risk of bleeding, even when maintaining
an INR within the normal range, posing challenges to
its practical application. Hemodialysis patients typically
undergo systemic heparin anticoagulation during their
sessions, a variable inconsistently considered in studies
examining bleeding complications related to both VKAs
and DOAC:s in this population. As a result, research in
this domain has consistently lagged behind. This inves-
tigation disclosed no significant disparity in efficacy and
safety between VKAs and DOAC:s for patients with kid-
ney failure and concurrent AF. This finding introduces a
novel and more convenient option for anticoagulant ther-
apy in this patient demographic.Our study showed that
increased DOAC:s efficacy and reduced side effects were
associated with renal clearance of the drug. Dabigatran
has the greatest dependence on renal function due to
renal excretion as a prototype [31], apixaban has the low-
est renal clearance renal impairment has less effect on its
excretion [32], and renal function is moderately affected
by rivaroxaban [33]. Compared with warfarin, DOACs
has a protective effect on renal function [34]. Our study
shows that apixaban may be the best choice when com-
pared to VKAs in the case of an adjusted degree of renal
impairment.

Fordyce et al’s study revealed that the incidence of
major bleeding attributed to rivaroxaban at doses of 10
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mg daily and 15-20 mg daily in patients with a Crcl of
30-49 ml/min was 6.38% and 4.12%, respectively, with no
statistically significant difference observed. In individu-
als with kidney failure, the incidence of major bleeding
increased to 13.04% for those receiving rivaroxaban at a
daily dose of 10 mg, and when combined with vitamin
K2, the incidence was 9.52%. This underscores the height-
ened bleeding risk associated with kidney failure. Among
patients with a Crcl of 25-30 ml/min receiving apixa-
ban, the incidence of major bleeding for doses of 2.5 mg
bid compared to 5 mg bid was 3.42% and 4.39%, respec-
tively, while the incidence of major or clinically relevant
non-major bleeding was 4.28% and 7.35%, respectively.
The study conducted by A. Mavrakanas et al. concluded
that a dosage of apixaban at 2.5 mg bid is the appropri-
ate choice for patients with kidney failure. This suggests
a correlation between reduced renal function levels and
the necessity for dose reduction.

VKAs is metabolized in the liver by cytochrome P450s
and excreted as a metabolite via the kidneys, whereas all
DOACs have varying degrees of prototypic drug excre-
tion via the kidneys, and moderate-to-severe renal
insufficiency has a significant effect on their pharmacoki-
netics. Therefore, dose adjustment is required for use in
patients with CKD. However VKAs leads to the risk of
calcification of the renal arteries, calcification of the aor-
tic valve, and decreased bone calcium [35]. Calcification
of small arteries may lead to an increased incidence of
ischemic stroke [36]. There is no specific treatment for
the defense of calcification due to warfarin anticoagu-
lation, which has a poor prognosis and high morbidity
and mortality once it occurs. Warfarin anticoagulation
therapy is a risk factor for the development of calcifica-
tion defense [37]. The US guidelines recommend anti-
coagulation with warfarin in kidney failure patients with
CrCl<15 ml/min [38]. The nephrology guidelines also
recommend warfarin as the drug of choice for anticoagu-
lation in kidney failure patients [39]. However, European
guidelines do not recommend DOACs anticoagulation
in kidney failure patients with CrCl<15 ml/min [40].
Previous meta-studies also showed that warfarin for AF
patients undergoing dialysis did not show significant ben-
efits or harms [13, 41]. In contrast, our study showed at
least similar efficacy and safety when comparing DOACs
and warfarin in patients with CrCl< 15 ml/min.

For AF patients with comorbid CKD, since throm-
bopoietin mRNA can be expressed in the kidneys,
decreased renal function can lead to impaired platelet
production and an increased risk of bleeding [42]. Inad-
equate anticoagulation therapy exists for this group of
patients, especially dialysis patients, due to the concern
that anticoagulant use may lead to an increased inci-
dence of bleeding [43].
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This study demonstrates that the use of DOACs
improves safety and reduces the incidence of major
bleeding, fatal bleeding, and ICH in patients with CKD
and concurrent AF, as compared to VKAs therapy. For
patients with kidney failure combined with AF, rivar-
oxaban and apixaban showed at least similar effec-
tiveness and safety when compared to warfarin. This
may inform drug selection for oral anticoagulation in
patients with CKD combined with AF. Moreover, this
article employed nine randomized controlled trials
(RCTs), providing a higher level of evidence compared
to alternative meta-analyses. Notably, three RCT stud-
ies were specifically dedicated to patients with kidney
failure, thereby addressing a gap in prior research.

This study also has some limitations: (1) The method
of CrCl calculation was not consistent across studies,
with 6 studies using the Cockcroft-Gault formula and
two using Hemodialysis. (2) Lack of data on the DOACs
dose-adjustment regimen, in addition to the level of renal
function, the dose of drug use may be affected by fac-
tors such as body weight, age, etc., so further studies are
needed to investigate the pharmacokinetics of DOACs
use in this population. (3) Failure to perform subgroup
analysis based on DOACs high and low dose groups.

Conclusion

Compared with VKAs, DOACs improves the efficacy
and safety of anticoagulation in patients with CKD
combined with AF. In patients with atrial fibrillation
combined with Kidney failure DOACs has at least simi-
lar effectiveness and safety when compared with VKAs.
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