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Defining the Magnitude of the Problem

Atrial ﬁbrillation (AF) is the most common cause of
stroke, and is a frequent comorbidity in patients with
ESKD, affecting as many as one in ﬁve (1). The prevalence is 20% and 14% in patients on hemodialysis
(HD) and peritoneal dialysis (2), and increases with
age from 6% in the 22–44 year age group, 25% between
65 and 74 years, and 33% in patients aged .74 years (3).
CKD is associated with an increased risk of ischemic
stroke in patients with AF, independent of traditional
risk factors for stroke, even in patients who are not on
dialysis (4,5). Compared with White patients, Black,
Hispanic, and Asian patients with ESKD are more likely
to experience stroke (13%, 15%, and 16% more, respectively), and this is related to low warfarin prescription
ﬁll (6). The risk of ischemic stroke is much higher than
the risk of hemorrhagic stroke in patients with ESKD
(21.1 vs. 4.7 per 1000 patient years [7]), and incident
AF is associated with increased mortality in patients
with ESKD (8). Therefore, oral anticoagulation plays a
key role in the management of these patients. In this
article, we propose that oral anticoagulants (OAC) are
beneﬁcial in patients with AF and ESKD, and examine
the evidence supporting it.

Mitigating the Stroke Risk in Patients with AF
and ESKD
ESKD by itself is a prothrombotic state, even in the
absence of AF. Patients with kidney disease have an
increased level and/or activity of numerous proinﬂammatory and procoagulant factors, such as C-reactive
protein, cystatin C, IL-6, ﬁbrinogen, factor VII, VIII,
IX–XII, TNF-a soluble receptor-1, intracellular adhesion
molecule-1, vWf, plasminogen activator inhibitor-1,
homocysteine, thromboplastin, and ﬁbrinopeptide.
There is also a decreased level of protein C, an anticoagulant (2,3).
If AF and stroke are each more common in patients
with kidney failure, and kidney failure itself is prothrombotic, it would be logical that anticoagulation in
AF would be associated with a reduction in stroke
risk. Traditionally, warfarin has been the mainstay for
anticoagulation in patients with kidney failure, but
more recently, on the basis of pharmacokinetic considerations, apixaban and rivaroxaban have been labeled

for use at all stages of kidney failure. But only apixaban
has been studied for efﬁcacy, so we will conﬁne ourselves to consideration of the evidence for warfarin
and apixaban. It should be noted that there are no
good prospective randomized trials available. Patient
management is guided by retrospective analyses and
meta-analyses.

Role of Warfarin
Several studies showed the beneﬁt of warfarin these
patients. In a large Danish registry, warfarin treatment
was associated with reduced risk of stroke and thromboembolism (4). In this study, ESKD was associated
with an increased risk of stroke/systemic embolism
and bleeding among patients with AF. Warfarin treatment decreased risk of stroke/systemic embolism
with no increase in bleeding. In another study by Bonde
et al., in patients with ESKD on dialysis with a
CHA2DS2-VASc score $2 (congestive heart failure,
hypertension, age, diabetes mellitus, stroke, vascular
disease, and sex category) warfarin was associated
with lower risk of all-cause death (5). Similar trends in
mortality were noted in patients with CKD who were
low and intermediate risk (hazard ratio [HR] 0.62;
95% conﬁdence interval [95% CI], 0.49 to 0.79). Shen et
al. showed that warfarin use was associated with a
reduced risk of ischemic stroke, and there was a signal
toward reduced mortality in as-treated analyses (6). In a
meta-analysis of 12 prospective or retrospective cohort
studies, treatment with warfarin was associated with a
nonsigniﬁcant 26% reduction of the risk of ischemic
stroke and nonsigniﬁcant increase in bleeding (7).
Another study by Kai et al., warfarin use was associated
with lower all-cause mortality and ischemic stroke,
without signiﬁcantly increasing the risk of bleeding in
patients on HD with AF (8). Summary of studies demonstrating net clinical beneﬁt of anticoagulating with
warfarin are listed in Table 1.

Role of Direct OAC
Apixaban is the only direct OAC (DOAC) approved by
the FDA for use on patients with ESKD that has been
studied for efﬁcacy (10,11). In a study by Wang et al.,
ESKD resulted in a modest increase (36%) in apixaban
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Table 1.

Clinical studies of patients with ESKD and atrial ﬁbrillation treated with warfarin with net beneﬁt

Study

Type of Study (no. of Patients
with ESKD and Atrial
Fibrillation)

Lai et al. 2009 (9)

Retrospective (93)

Outcomes Results Warfarin
Versus No Warfarin

Comments

Stroke 10% vs 38%; P,0.005
Bleeding 14% vs 9%; P5NS

Patients ESKD with AF
treated with warfarin had
signiﬁcant reduction in
thromboembolic stroke
and an insigniﬁcant
increase in major bleeding.
The same results were
noted in patients with
ESKD.
Olesen et al. 2012 (4)
Retrospective (901)
S/SE HR 0.44; 95% CI, 0.26 to ESKD was associated with an
0.74; P50.002
increased risk of S/SE and
Bleeding HR 1.27; 95% CI,
bleeding among patients
0.91 to 1.77; P50.15
with atrial ﬁbrillation.
Warfarin treatment was
associated with a
decreased risk of S/SE
with no increase in
bleeding.
Bonde et al. 2014 (5)
Retrospective (1142)
All cause deatha HR 0.85; 95% Warfarin was associated with
CI, 0.72 to 0.99
decrease in all-cause
mortality in patients who
S/SE 4.8 vs 7.3 per 100
person years
are high risk.
Shen et al. 2015 (6)
Retrospective (12,284 with new Ischemic stroke HR, 0.68; 95% In addition, as treated
analysis showed all-cause
AF)
CI, 0.47 to 0.99.
mortality was signiﬁcantly
All-cause mortality HR 1.01;
lower for warfarin users
95% CI, 0.92 to 1.11.
(HR, 0.84; 95% CI, 0.73 to
Hemorrhagic stroke HR 0.82;
0.97).
95% CI, 0.37 to 1.81.
GI bleeding HR 1.00; 95% CI,
0.69 to 1.44
Van Der Meersch et al. 2017 (7) Meta-analysis (17,380)
Ischemic stroke HR 0.74; 95%
Study showed nonsigniﬁcant
CI, 0.51 to 1.06
decrease in risk of stroke
Bleeding HR 1.21, 95% CI,
and nonsigniﬁcant increase
1.03 to 1.43
in risk of bleeding.
Warfarin use was associated
Kai et al. 2017 (7)
Retrospective (4286)
All-cause death HR 0.76; 95%
with lower all-cause
CI, 0.69 to 0.84
mortality and ischemic
Ischemic stroke HR, 0.68;
stroke, without
95% CI, 0.52 to 0.91
signiﬁcantly increasing the
Hemorrhagic stroke HR 1.2;
risk of bleeding in patients
95% CI, 0.6 to 2.2
on hemodialysis with AF.
GI bleeding HR 0.97; 95% CI,
0.77 to 1.2
AF, atrial ﬁbrillation; S/SE, stroke/systemic embolism; 95% CI, 95% conﬁdence interval; HR, hazard ratio; GI, gastrointestinal.
a
Bleeding not assessed separately.

area under the curve and no increase in Cmax, and HD had a
limited effect on apixaban clearance (10). In a large metaanalysis of around 71,000 patients by Kuno et al., all-cause mortality was lower in apixaban group compared with the no OAC
group. There was no difference in stroke rates; however, there
was signiﬁcant heterogeneity in this analysis, as noted the
paper. Also, only two studies of patients taking DOACs
were included in this analysis. In another large study by Siontis
et al.; apixaban was associated with signiﬁcant reduction in
death, stroke, and major bleeding when compared with warfarin. In another study, comparing apixaban with no OAC, apixaban use was associated with lower all-cause mortality rates
compared with no anticoagulation (HR, 0.58; 95% CI, 0.43 to

0.78). Similarly, apixaban use was associated with a lower incidence of the composite outcome of all-cause mortality or stroke
or systemic thromboembolism, compared with no treatment
(HR, 0.56; 95% CI, 0.41 to 0.76) (12). Table 2 lists the studies
demonstrating the clinical beneﬁt of anticoagulating with
apixaban.
Evidence supporting the role of OAC comes from observational and meta-analysis of these studies. But evidence pointing against the role of OAC also comes from observational
studies and meta-analyses (12, 15–17). It should be noted
these meta-analyses too were limited by study heterogeneity,
including the inability to account for a number of important
confounders, such as the time in the therapeutic range (14).
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Table 2. Clinical studies of patients with ESKD with atrial ﬁbrillation treated with apixaban versus no oral anticoagulants/warfarin with
net beneﬁt in apixaban arm

Study

Type of Study (no. of Patients
with ESKD and Atrial
Fibrillation)

Siontis et al. 2018 (13)

Retrospective (25,523)

Sensitivity analysis
S/SE HR, 0.64; 95% CI, 0.42
to 0.97, P50.04
Death HR, 0.63, 95% CI, 0.46
to 0.85, P50.003
Major bleeding HR, 0.72;
95% CI, 0.59 to 0.87; P,0.001

Kuno et al. 2020 (14)

Meta-analysis (71,877)

Mortality HR, 0.61; 95% CI, 0.41
to 0.90
S/SE Apixaban vs no OAC
Apixaban 5 mg: HR, 0.59;
95% CI, 0.30 to 1.17
Apixaban 2.5 mg: HR, 1.00;
95% CI, 0.52 to 1.93
Major bleeding HR, 1.41;
95% CI, 1.07 to 1.88

Mavrakanas et al. 2020 (12)

Retrospective (521 in apixaban
group)

All-cause mortality HR, 0.58;
95% CI, 0.43 to 0.78
Composite outcome of
mortality or S/SE HR, 0.56;
95% CI, 0.41 to 0.76)

Outcomes Results Apixaban
Versus No Oral Anticoagulants

Comments
Sensitivity analysis: outcomes
of interest were also
performed with
multivariable Cox
regression analysis in the
overall (unmatched)
apixaban and warfarin
cohorts. Some patients in
the apixaban group who
were initially given
warfarin were excluded in
the prespeciﬁed sensitivity
analysis. There was
signiﬁcant reduction in
death, S/SE and major
bleeding when compared
with warfarin.
Apixaban 5 mg dose resulted
in lower all-cause mortality
compared with the group
with no OAC. One of the
major limitations of this
meta-analysis was that
only two observational
studies comparing DOACs
were included. This might
have contributed to no
difference in stroke rates
between the apixaban and
no OAC group.
All-cause mortality was
lower in apixaban group.

S/SE, stroke/systemic embolism; HR, hazard ratio; 95% CI, 95% conﬁdence interval; OAC, oral anticoagulants.

As said before, some studies support this idea (4–6,8) others
do not (12,15–17). So, why is it anticoagulants are not universally beneﬁcial in this cohort of patients? Several possibilities
exist. Uremia is associated with an elevated risk of bleeding,
and patients on HD routinely receive heparin during dialysis. Taken together, this elevation of bleeding risk may offset
the potential beneﬁt of anticoagulation. Uremia complicates
regulation of the INR (international normalized ratio) in
patients on warfarin because of dysregulation of hepatic
cytochrome P450, the main pathway for warfarin metabolism, in kidney failure (18). Uremia is associated with a vasculopathy, and this may elevate stroke risk, independent of
any mitigation by anticoagulation (19).
High-quality evidence in terms of randomized clinical trials is lacking. The RENal hemodialysis patients ALlocated
apixaban versus warfarin in Atrial Fibrillation (RENALAF) study presented at American Heart Association annual
scientiﬁc sessions in November 2019, randomized patients
to apixaban 5 mg twice daily or 2.5 mg twice daily in select
patients versus warfarin with an international normalized

ratio of 2–3. The primary outcome of the study, clinically relevant nonmajor bleed, for apixaban versus warfarin was 32%
versus 26% (P.0.05). Secondary outcomes were intracranial
bleeding 1% versus 1%; gastrointestinal bleeding 2% versus
8%; International Society on Thrombosis and Haemostasis
major bleed 9% versus 10%; stroke 2% versus 3%; and cardiovascular death 11% versus 6%. Importantly, this trial was
stopped early due to loss of funding, and it is unclear if bleeding outcomes would have been better with a lower dose of 2.5
mg and without aspirin use (approximately 40% usage).
In summary, we think OAC is indicated in these patients
on the basis of the data presented in this article, with studies
showing a reduction in stroke and, more importantly, a
reduction in all-cause mortality. Clinical trials such as the
Compare Apixaban and Vitamin-K Antagonists in Patients
with Atrial Fibrillation and End-Stage Kidney Disease study
(NCT02933697) and the Strategies for the Management of
Atrial Fibrillation in Patients Receiving Hemodialysis
(NCT03987711) study are underway. The Compare Apixaban and Vitamin-K Antagonists in Patients with Atrial
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Fibrillation and End-Stage Kidney Disease study will randomize patients to apixaban 2.5 mg twice daily versus warfarin. The Strategies for the Management of Atrial Fibrillation in Patients Receiving Hemodialysis trial will
randomize patients to warfarin, apixaban, and no anticoagulation. Hopefully, these trials will guide us on this highly
debated topic. We are aware that the major hurdle is to balance risk of stroke and bleeding in this patient population.
A potential therapeutic option could be the left atrial appendage closure techniques. Clinical trials (NCT03446794) in this
realm are underway. We believe these studies will lend a
promising solution to this clinical conundrum.
Disclosures
J.P. Mounsey reports having consultancy agreements with Boston
Scientiﬁc Inc. and Medtronic Inc. S.R. Devabhaktuni reports being a
scientiﬁc advisor or member of the editorial board of Cardiology
Cases and Systematic Reviews, the International Journal of Cardiac
Science and Research, the Journal of Clinical Cardiology and Cardiovascular Therapy, and the Journal of Innovations in Cardiac Rhythm
Management.
Funding
None.
Acknowledgments
The content of this article reﬂects the personal experience and
views of the author(s) and should not be considered medical
advice or recommendation. The content does not reﬂect the views
or opinions of the American Society of Nephrology (ASN) or Kidney360. Responsibility for the information and views expressed
herein lies entirely with the author(s).
Author Contributions
J. Mounsey reviewed and edited the manuscript; and S. Devabhaktuni wrote the original draft.
References
1. Pokorney SD, Black-Maier E, Hellkamp AS, Friedman DJ,
Vemulapalli S, Granger CB, Thomas L, Peterson ED, Piccini JP Sr:
Oral anticoagulation and cardiovascular outcomes in patients
with atrial ﬁbrillation and end-stage renal disease. J Am Coll
Cardiol 75: 1299–1308, 2020
2. Casserly LF, Dember LM: Thrombosis in end-stage renal disease.
Semin Dial 16: 245–256, 2003
€ T, Witzke O, Kribben A,
3. G€
ackler A, Rohn H, Lisman T, Benko
Saner FH: Evaluation of hemostasis in patients with end-stage
renal disease. PLoS One 14: e0212237, 2019
4. Olesen JB, Lip GYH, Kamper A-L, Hommel K, Køber L, Lane DA,
Lindhardsen J, Gislason GH, Torp-Pedersen C: Stroke and
bleeding in atrial ﬁbrillation with chronic kidney disease. N Engl J
Med 367: 625–635, 2012
5. Bonde AN, Lip GYH, Kamper A-L, Hansen PR, Lamberts M,
Hommel K, Hansen ML, Gislason GH, Torp-Pedersen C, Olesen
JB: Net clinical beneﬁt of antithrombotic therapy in patients with
atrial ﬁbrillation and chronic kidney disease: A nationwide
observational cohort study. J Am Coll Cardiol 64: 2471–2482,
2014
6. Shen JI, Montez-Rath ME, Lenihan CR, Turakhia MP, Chang TI,
Winkelmayer WC: Outcomes after warfarin initiation in a cohort
of hemodialysis patients with newly diagnosed atrial ﬁbrillation.
Am J Kidney Dis 66: 677–688, 2015

7. Van Der Meersch H, De Bacquer D, De Vriese AS: Vitamin K
antagonists for stroke prevention in hemodialysis patients with
atrial ﬁbrillation: A systematic review and meta-analysis. Am
Heart J 184: 37–46, 2017
8. Kai B, Bogorad Y, Nguyen LN, Yang S-J, Chen W, Spencer HT,
Shen AY-J, Lee M-S: Warfarin use and the risk of mortality, stroke,
and bleeding in hemodialysis patients with atrial ﬁbrillation.
Heart Rhythm 14: 645–651, 2017
9. Lai HM, Aronow WS, Kalen P, Adapa S, Patel K, Goel A, Vinnakota R, Chugh S, Garrick R: Incidence of thromboembolic
stroke and of major bleeding in patients with atrial ﬁbrillation and
chronic kidney disease treated with and without warfarin. Int J
Nephrol Renovasc Dis 2: 33–37, 2009
10. Wang X, Tirucherai G, Marbury TC, Wang J, Chang M, Zhang D,
Song Y, Pursley J, Boyd RA, Frost C: Pharmacokinetics, pharmacodynamics, and safety of apixaban in subjects with end-stage
renal disease on hemodialysis. J Clin Pharmacol 56: 628–636,
2016
11. Chang M, Yu Z, Shenker A, Wang J, Pursley J, Byon W, Boyd RA,
LaCreta F, Frost CE: Effect of renal impairment on the pharmacokinetics, pharmacodynamics, and safety of apixaban. J Clin
Pharmacol 56: 637–645, 2016
12. Mavrakanas TA, Garlo K, Charytan DM: Apixaban versus no
anticoagulation in patients undergoing long-term dialysis with
incident atrial ﬁbrillation. Clin J Am Soc Nephrol 15: 1146–1154,
2020
13. Siontis KC, Zhang X, Eckard A, Bhave N, Schaubel DE, He K,
Tilea A, Stack AG, Balkrishnan R, Yao X, Noseworthy PA, Shah
ND, Saran R, Nallamothu BK: Outcomes associated with apixaban use in patients with end-stage kidney disease and atrial
ﬁbrillation in the United States. Circulation 138: 1519–1529,
2018
14. Kuno T, Takagi H, Ando T, Sugiyama T, Miyashita S, Valentin N,
Shimada YJ, Kodaira M, Numasawa Y, Briasoulis A, Burger A,
Bangalore S: Oral anticoagulation for patients with atrial ﬁbrillation on long-term hemodialysis [published correction appears
in J Am Coll Cardiol, 75: 842, 2020] J Am Coll Cardiol 75: 273–
285, 2020
15. Harel Z, Chertow GM, Shah PS, Harel S, Dorian P, Yan AT,
Saposnik G, Sood MM, Molnar AO, Perl J, Wald RM, Silver S,
Wald R: Warfarin and the risk of stroke and bleeding in patients
with atrial ﬁbrillation receiving dialysis: A systematic review and
meta-analysis. Can J Cardiol 33: 737–746, 2017
16. Tan J, Liu S, Segal JB, Alexander GC, McAdams-DeMarco M:
Warfarin use and stroke, bleeding and mortality risk in patients
with end stage renal disease and atrial ﬁbrillation: A systematic
review and meta-analysis. BMC Nephrol 17: 157, 2016
17. Chokesuwattanaskul R, Thongprayoon C, Tanawuttiwat T,
Kaewput W, Pachariyanon P, Cheungpasitporn W: Safety and
efﬁcacy of apixaban versus warfarin in patients with end-stage
renal disease: Meta-analysis [published correction appears in
Pacing Clin Electrophysiol, 41: 879, 2018] Pacing Clin Electrophysiol 41: 627–634, 2018
18. Yang F, Hellyer JA, Than C, Ullal AJ, Kaiser DW, Heidenreich PA,
Hoang DD, Winkelmayer WC, Schmitt S, Frayne SM, Phibbs CS,
Turakhia MP: Warfarin utilisation and anticoagulation control in
patients with atrial ﬁbrillation and chronic kidney disease. Heart
103: 818–826, 2017
19. Chan KE, Lazarus JM, Thadhani R, Hakim RM: Warfarin use
associates with increased risk for stroke in hemodialysis patients
with atrial ﬁbrillation. J Am Soc Nephrol 20: 2223–2233, 2009
Received: January 4, 2021 Accepted: April 9, 2021
See related debate “Should Oral Anticoagulation Be Used in ESKD
Patients on Hemodialysis with Atrial Fibrillation?: CON,” and commentary, “Should Oral Anticoagulation Be Used in ESKD Patients
on Hemodialysis with Atrial Fibrillation?: COMMENTARY,” on
pages 1409–1411 and 1412–1414, respectively.

