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a b s t r a c t

Background: Warfarin is traditionally the drug of choice for stroke prophylaxis or treatment of venous
thromboembolism in patients with end-stage renal disease (ESRD) on hemodialysis as data on apixaban
use is scarce. We aimed to assess the safety and efficacy of Apixaban in patients with ESRD on hemo-
dialysis when compared with warfarin.
Methods: A comprehensive literature search in PubMed, Google Scholar, and Cochrane databases from
inception until Nov 25, 2019, was performed. Studies reporting clinical outcomes comparing Apixaban
(2.5 mg BID or 5 mg BID) versus Warfarin in ESRD patients on hemodialysis were included. Mantel-
Haenszel risk ratio (RR) random-effects model was used to summarize data.
Results: Four studies (three retrospective and one randomized) with a total of 9862 patients
(apixaban ¼ 2,547, warfarin ¼ 7315) met inclusion criteria. The overall mean age was 66.6 ± 3.9 years and
mean CHA2DS2-VASc score 4.56 ± 0.58. Apixaban was associated with lower rates of major bleeding (RR
0.53, 95% CI 0.45e0.64, p < 0.0001], gastrointestinal (GI) bleed (RR 0.65, 95% CI 0.55e0.76, p < 0.0001),
intracranial bleed (RR 0.56, 95% CI 0.36e0.89, p ¼ 0.01), and stroke/systemic embolism [RR 0.65, 95% CI
0.52e0.83, p ¼ 0.0004] compared with warfarin in patients with ESRD on hemodialysis. There was no
significant increased risk of all-cause mortality with the apixaban vs. warfarin (RR 0.90, 95% CI 0.41e1.96,
p ¼ 0.78).
Conclusion: Apixaban had an overall favorable risk-benefit profile, with significant reductions in
ischemic stroke, major bleeding, and intracranial bleeding compared to Warfarin in ESRD patients on
hemodialysis with non-valvular AF and/or venous thromboembolism.
Copyright © 2021, Indian Heart Rhythm Society. Production and hosting by Elsevier B.V. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Warfarin has been the mainstay of treatment for deep venous
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thrombosis (DVT), pulmonary embolism, thromboembolic pro-
phylaxis in atrial fibrillation (AF), and DVT prophylaxis post hip/
knee replacement. The rise of direct oral antagonists (DOACs) in the
last decade for the abovementioned conditions has led to a
decrease inwarfarin use. With the rising number of end-stage renal
disease (ESRD) patients and associated increased bleeding and
thromboembolic complications, the optimal anticoagulation strat-
egy remains dismal in this patient population.

Besides, the landmark DOAC clinical trials excluded patients
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with severe renal dysfunction and ESRD, thus leading to European
guidelines not recommending DOAC's in patients with severe renal
impairment [1]. On the contrary, United States Federal Drug
Administration approved the use of DOAC's (Apixaban, rivaroxaban,
and dabigatran) in patients with chronic kidney disease (CKD,
creatinine clearance 15e29 m ml/min), while only approved
Apixaban in patients on hemodialysis. Although prior randomized
study - ARISTOTLE demonstrated a favorable risk profile for Apix-
aban (vs. warfarin) for thromboembolic prophylaxis [2], the safety
and efficacy of Apixaban (as compared to warfarin) in patients with
ESRD on hemodialysis remains unclear. Warfarin has traditionally
been used in this patient population; however, it is associated with
fluctuating international normalized ratio (INR), drug-drug inter-
action, and increased risk of vascular calcifications. Therefore, we
performed a systematic review and meta-analysis evaluating the
safety and efficacy of Apixaban in comparison to warfarin in pa-
tients with end-stage renal disease on hemodialysis.

2. Methods

2.1. Search strategy

This systematic review and meta-analysis complied with the
Meta-analysis Of Observational Studies in Epidemiology (MOOSE)
guidelines [3].

The initial search strategy was developed by two authors (GM
and MT). A systematic literature search was performed using
PubMed, Google Scholar, and Cochrane databases from inception
until Nov 27, 2019, for studies comparing Apixaban vs. Warfarin in
ESRD patients on HD. The following keywords were used: atrial
fibrillation, dialysis, Apixaban, Warfarin, end-stage renal disease.

2.2. Study selection and data extraction

Our systematic review's eligibility criteria included: 1) all
studies reporting outcomes in ESRD patients comparing Apixaban
vs. warfarin on HD; 2) studies that included human subjects 18
years of age or older; and 3) reported at least one clinical outcome.
We included studies only in the English language. Case reports,
editorials, systematic reviews, or studies without a comparator arm
were excluded were from our analysis.

Two investigators (GM and MT) independently performed the
literature search and screened all titles and full-text versions of all
relevant studies that met study inclusion criteria. The data from the
included studies were extracted using a standardized protocol and
a data extraction form. Any discrepancies between the two in-
vestigators were resolved with a consultation with the senior
investigator (DL). The following data were extracted from the
included studies: age, gender, study population, duration of follow-
up, history of atrial fibrillation, presence of liver disease, aspirin, or
clopidogrel use, CHA2DS2-VASc score. The Newcastle Ottawa Risk
assessment tool was used to appraise the quality of the included
studies. We rated the quality of studies (good, fair, and poor) by
awarding stars in each domain. A “good” quality score required 3 or
4 stars in the selection, 1 or 2 stars in comparability, and 2 or 3 stars
in outcomes. A “fair” quality score required two stars in the selec-
tion, 1 or 2 stars in comparability, and 2 or 3 stars in outcomes. A
“poor” quality score reflected 0 or 1 star(s) in selection, or 0 stars in
comparability, or 0 or 1 star(s) in outcomes.

2.3. Outcomes

Efficacy outcome: The primary efficacy outcome was the pre-
vention of systemic embolic events (composite of stroke and sys-
temic embolism) (SEE).
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Safety outcomes: The primary safety outcomes included major
bleeding, gastrointestinal (GI) bleeding, intracranial bleeding, and
all-cause mortality.
2.4. Statistical analysis

Statistical analysis was performed using Cochrane RevMan
version 5.3 (Cochrane Collaboration, London, United Kingdom).
Mantel-Haenszel risk ratio (RR) random-effects model (DerSimo-
nian and Laird method) was used to summarize data between the
two groups [4]. Higgins I-squared (I2) statistic was used to assess
the test of heterogeneity [5]. A value of I2 of 0e25% represented
insignificant heterogeneity, 26e50% represented low heterogene-
ity, 51e75% represented moderate heterogeneity, and more than
75% represented high heterogeneity. A two-tailed p < 0.05 was
considered statistically significant.
3. Results

3.1. Search results

A total of 2203 articles were identified (Fig. 1) during the initial
search, of which 245 articles were excluded as duplicates. An
additional 1815 articles were excluded after the title and abstract
review. Finally, four articles including 9862 patients
(Apixaban ¼ 2547 and Warfarin ¼ 7315) were eligible for our
analysis [6e9]. Table 1 summarizes the baseline characteristics of
the included studies.
3.2. Study characteristics

This meta-analysis included four studies (all from the United
States, three observational [7e9] and one randomized controlled
trial (abstract form only) [6] comprising 9862 patients with a mean
follow-up duration of 327.4 ± 32.7 days. Patients in the Apixaban
arm were older than patients in the warfarin arm (67.04 ± 5.18
years vs. 66.14 ± 2.85 years, respectively, p < 0.001). The mean
CHA2DS2-VASc score was 4.56 ± 0.58. The indication for antico-
agulant in two studies was non-valvular AF [ [6,7]], while in the
other two studies, it was combined non-valvular AF and venous
thromboembolism (VTE) [ [4,5]]. Table 1 summarizes the study
characteristics of the included trials.

The definition of major bleeding was defined per the Interna-
tional Society of Thrombosis and Hemostasis (ISTH) criteria [6e8].
In contrast, in one study, major bleeding was defined as any
bleeding associated with critical site code, requiring blood trans-
fusion or resulting in death [9]. Based on the Newcastle Ottawa Risk
assessment tool, all studies were of good quality (Table 2).
3.3. Systemic embolic event

The data for SEE was available in three trials [4,6,7]. Apixaban
was associated with lower SEE as compared to warfarin (3.31% vs
5.22%, respectively; RR 0.65, 95% CI 0.52e0.83, p ¼ 0.0004). No
significant heterogeneity was observed (I2 ¼ 0%) (Fig. 3).
3.4. Major bleeding

The data for major bleeding was available in all four studies.
Apixaban was associated with lower rates of major bleeding
compared to warfarin (5.49% vs. 10.11%; RR 0.53, 95% CI 0.45e0.64,
p < 0.0001, respectively]. No significant heterogeneity was
observed (I2 ¼ 8%) (Fig. 3).



Fig. 1. Flow Diagram illustrating the systematic search of studies.

Table 1
Baseline characteristics of the studies included in our meta-analysis.

Granger 2019 Reed 2018 Sarratt 2017 Siontis 2018

Characteristics Apixaban Warfarin Apixaban Warfarin Apixaban Warfarin Apixaban Warfarin

Age (years) 69 (61e76)a 68 (60.5e72.5)a 59.4 ± 14.7 62.4 ± 14.4 70.9(60e81)a 66.5(53e80)a 68.87 ± 11.49 68.04 ± 11.90
Male (%) 58.5 69.4 51.40% 62% 50% 48.30% 54.40% 54.90%
Female (%) 41.5 30.6 48.60% 38% 50% 51.70% 45.60% 45.10%
# of patients in each group 82 72 74 50 40 140 2351 7053
Follow-up (days) 350.5 340.5 304.2 304.2 NR NR NR NR
CHA2DS2VASc score 4(3e5)^ 4(3e5)^ 4.1 ± 1.2 4.0 ± 1.4 5(1e6)^ 5(2e7)^ 5.27 ± 1.77 5.14 ± 1.78
Paroxysmal AF 54.90% 55.60% NR NR NR NR NR NR
Persistent/Permanent AF 45.10% 44.40% NR NR NR NR NR NR
Prior clinically relevant bleeding 22% 19.40% NR NR NR NR NR NR
Liver disease NR NR 27% 16% 12.50% 6.70% 9.40% 10.30%
Aspirin or clopidogrel use 36.70% 45.70% 28.40% 36% 37.50% 44.20% 6.60% 7.00%
Indication for anticoagulant AF (100%) AF (100%) AF (39.2%)

VTE (60.8%)
AF (58%), VTE (42%) VTE (100%) VTE (100%) AF (100%) AF (100%)

Apixaban 2.5 mg BID 28.60% NR 20.30% NR 57.50% NR NR NR
Apixaban 5 mg BID 71.40% NR 79.70% NR 42.50% NR NR NR

Values are represented as % or n þ SD; ^ ¼ median (interquartile range).
a ¼ median (range); AF ¼ atrial fibrillation; NR ¼ not reported.

Table 2
Risk of bias assessment of the studies included in the meta-analysis using the
Newcastle-Ottawa Scale.

Study Selection Comparability Outcome

Granger 2019 **** ** ***
Reed 2018 *** ** **
Sarratt 2017 **** ** ***
Siontis 2018 **** ** ***
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3.5. Gastrointestinal bleeding

The data for GI bleeding was available in all four studies. Apix-
aban was associated with lower rates of GI bleeding compared to
warfarin (6.55% vs. 9.96%; RR 0.65, 95% CI 0.55e0.76, p < 0.0001).
No significant heterogeneity was observed (I2 ¼ 0%) (Fig. 3).
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3.6. Intracranial bleeding

The data for intracranial bleeding was available in three studies
[4,6,7]. Apixaban was associated with lower intracranial bleeding
rates than Warfarin (0.87% vs. 1.57%; RR 0.56, 95% CI 0.36e0.89,
p ¼ 0.01). No significant heterogeneity was observed (I2 ¼ 0%)
(Fig. 3).

3.7. All-cause mortality

The data for all-cause mortality was available in two studies
[6,7]. No significant difference was observed between the two
groups (7.39% vs 10.75%; RR 0.90, 95% CI 0.41e1.96, p ¼ 0.78]. Sig-
nificant heterogeneity was observed (I2 ¼ 84%) (Fig. 3).

Publication bias: Publication bias could not be assessed because
the number of studies in the meta-analysis was < 10.

4. Discussion

The main findings in this analysis were: a) risk of the systemic
embolic event, major bleeding, gastrointestinal bleeding, and
intracranial bleeding was significantly lower in patients with
Apixaban as compared to warfarin; b) no significant difference in
all-cause mortality was observed between the two groups (Fig. 2).

Stroke is the leading cause of morbidity and mortality in pa-
tients with atrial fibrillation. The complex interplay of the coagu-
lation cascade in ESRD patients is a dynamic process, and a fine
balance between the pro-coagulant and anticoagulant factors in
Fig. 2. Safety and efficacy of apixaban versus warfarin in patients with atrial fibrilla
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these patients determine the increased risk of thrombosis and/or
bleeding. Given the high prevalence of AF and VTE in patients with
ESRD and increased overall bleeding risk, it is imperative to
determine a safe anticoagulant with an overall low bleeding risk
profile. In regard to the prevention of SEE, our study demonstrated
that the use of oral anticoagulant (Apixaban) was associated with
improved outcomes during the follow-up period as compared to
warfarin. Our study results are intriguing and in line with the
previously published RCT trial e ARISTOTLE trial (that demon-
strated that Apixaban was superior to warfarin in preventing
strokes and systemic emboli in patients with non-valvular AF) [2].
However, unlike our study, patients with ESRD on hemodialysis
were excluded from the trial.

Patients with ESRD on hemodialysis are at increased risk of
bleeding complications likely due to platelet dysfunction (impaired
platelet adhesion/aggregation, uremic related platelet dysfunction,
and altered Von-Willebrand factor) and underlying intrinsic vessel
abnormality [10e12]. Warfarin use in patients with chronic kidney
disease or ESRD on hemodialysis increases the risk of associated
anticoagulant nephropathy, accelerated vascular calcification, and
calciphylaxis [13,14], thus increasing the risk of bleeding. Apixaban,
on the other hand, is only partially excreted by the kidneys
(20e25%) and mostly metabolized by non-renal pathways (such as
cytochrome P450, biliary and intestinal excretion) [15,16]. Because
of high plasma protein binding, apixaban is not expected to be
dialyzable. Therefore, FDA recommends dose adjustment (2.5 mg
BID) in ESRD patients on hemodialysis with any one of the
following indications - age �80 years or body weight �60 kg
tion or venous thromboembolism and end-stage renal disease on hemodialysis.



Fig. 3. Forest plots for individual clinical outcomes.
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(although dosing recommendation is based on a small study) [17].
In our study, although a significant reduction in bleeding-related
complications was observed with Apixaban as compared to
warfarin (finding that echoes with ARISTOTLE trial), concluding
appropriate drug dosing has been difficult due to differences in trial
designs and lack of individual patient-level data comparing Apix-
aban 2.5 mg BID vs. 5 mg BID. Regardless, 64.5% of patients in our
received 5 mg BID Apixaban (data limited to three trials).
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Although our study results are in accordance with the recently
published meta-analysis by Chokesuwattanaskul et al. [18], our
study is unique as we only included patients with ESRD on he-
modialysis in contrary to the latter. Since patients with ESRD are at
increased risk of both ischemic and hemorrhagic stroke, our study's
findings are intriguing, demonstrating a significant reduction in
ischemic and hemorrhagic stroke with no increase in all-cause
mortality as compared to warfarin. However, current evidence is
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limited to studies with a small sample size. Future RCTwith enough
sample size might shed light on the true clinical benefit of this
approach. There are two ongoing clinical trials to assess the bene-
ficial effects of Apixaban in ESRD patients - (i) The AXADIA trial
(NCT02933697) is an ongoing RCT enrolling 222 ESRD patients on
hemodialysis comparing Phenprocoumon (vitamin K antagonist)
vs. Apixaban in non-valvular AF, and (ii) The AVKDIAL trial will
randomize 855 ESRD patients with non-valvular AF comparing
safety and efficacy of oral anticoagulation vs. no anticoagulation.
4.1. Limitations

Our study has several important limitations. First, patient se-
lection bias due to the small sample size and retrospective nature of
the included studies (except onee being presented in abstract form
only) could not be excluded. Second, studies included in our pooled
analysis come from the United States, and hence findings of our
study may not be generalized to patients outside North American
and should be interpreted with caution. Third, subgroup analysis
comparing low dose versus standard dose apixaban could not be
performed as data was not available. Forth, included studies eval-
uated Apixaban andWarfarin for various indications, and the risk of
bleeding or thromboembolism may vary among populations with
different indications and underlying baseline characteristics. Fifth,
patient-level data to perform information on INR management or
time in therapeutic range (for patients treated with warfarin) was
not available. Sixth, the results of our meta-analysis were primarily
driven by Siontis et al., accounting together for more than two-
thirds of the total study population. Seventh, publication bias
could not be evaluated due to less than ten studies included in the
pooled analysis.
5. Conclusion

Apixaban had an overall favorable risk-benefit profile, with
significant reductions in ischemic stroke, major bleeding, and
intracranial bleeding when compared to Warfarin in ESRD patients
on hemodialysis with non-valvular AF and/or venous
thromboembolism.
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