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Abstract
Atrial fibrillation (AF) is the most common cardiac rhythm disturbance and is associated with increased risk of thromboembo-
lism. Oral anticoagulants are effective at reducing rates of thromboembolism in patients with AF in the general population.
Patients with AF and concurrent chronic kidney disease (CKD) have higher risk of thromboembolism and bleeding compared
with patients with normal renal function. Amongmoderate CKD and end-stage renal disease (ESRD) patients on chronic dialysis,
the use of oral anticoagulants is controversial. Use of warfarin, while beneficial in non-CKD patients, raises a number of concerns
such as increased bleeding risk, labile anticoagulant effect, and calciphylaxis, especially in the ESRD population. The newer
direct oral anticoagulant (DOAC) agents have demonstrated comparable efficacy and improved safety profiles compared with
coumadin but are not as well studied in the CKD population. This review highlights the efficacy and safety of coumadin and the
DOACs for thromboembolism prophylaxis in non-valvular AF patients with CKD.

Keywords Cardiovasculardisease .Atrial fibrillation .Anticoagulant .Chronickidneydisease .End stage renal disease .Dialysis

Introduction

Atrial fibrillation (AF) is a common cardiac rhythm distur-
bance resulting from structural and/or electrophysiological al-
terations in impulse formation within atrial tissue. AF is asso-
ciated with frequent hospitalizations, increased morbidity, and
increased risk of systemic thromboembolism (TE)—including
stroke. The importance of risk stratifying patients at risk for
stroke/TE and the use of oral anticoagulants to reduce this risk
are routine practices in managing AF [1].

Risk factors associated with developing AF include ad-
vanced age, hypertension, diabetes, ischemic heart disease,
and chronic kidney disease (CKD). Prior studies have demon-
strated that CKD is both an independent risk factor for

developing AF and is associated with higher stroke risk com-
pared with the non-CKD AF population [2, 3]. CKD presents
an additional challenge when deciding on anticoagulation for
stroke prevention. On the one hand, the CKD population has
higher rates of stroke/TE compared with non-CKD patients,
suggesting that anticoagulation may have a role in reducing
TE risk. It has previously been proposed by Piccini et al. that
kidney dysfunction (creatinine clearance (CrCl) < 60mL/min)
be incorporated into the widely used CHADS2 and
CHA2DS2VASc score as an independent predictor of stroke
risk [4]. On the other hand, bleeding complications from war-
farin use in CKD patients are also higher compared with non-
warfarin users [5–7]. The net cl inical benefit of
anticoagulation in the treatment of AF within the CKD popu-
lation is therefore an area of ongoing debate [7]. Randomized
placebo-controlled trials of warfarin use in AF patients have
historically made no mention of renal function or excluded
severe CKD and ESRD populations [8–11].

Direct oral anticoagulants (DOACs) introduced in the last
decade are now alternatives to warfarin for stroke/TE preven-
tion. However, the large phase-3 clinical trials showing non-
inferiority of these agents compared with warfarin largely ex-
cluded patients with severe CKD and end-stage renal disease
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on dialysis (ESRD). While the debate around the efficacy and
safety of these agents in CKD and ESRD continues, smaller
pharmacodynamic studies and retrospective observational
studies have been used to justify their use in the absence of
randomized clinical trials [7, 12].

This review will summarize the current literature on the
benefit of warfarin and the individual DOACs for TE preven-
tion in non-valvular AF for patients with mild-moderate CKD
(i.e., CrCl 30–60 mL/min), severe CKD (i.e., CrCl < 30 mL/
min), and ESRD populations.

Warfarin

Warfarin in Moderate CKD

Prior to the advent of DOACs, warfarin was the primary an-
ticoagulant used for stroke and TE prophylaxis and prevention
among AF patients. A large meta-analysis demonstrated
stroke/TE reduction and mortality reduction of approximately
60% and 25%, respectively, in the general population [13].

Recent studies have illustrated that CKD is independently
associated with higher stroke/TE risk [3]. Several studies have
attempted to address the potential benefit of warfarin in AF
patients with concurrent CKD. While some discrepancy ex-
ists, most studies suggest that warfarin is beneficial in mild-
moderate CKD. In the Stroke Prevention in Atrial Fibrillation
III trials, an analysis of stage 3 CKD patients (eGFR of 30–
59 mL/min) showed that dose-adjusted warfarin conveyed a
reduced risk of stroke/thromboembolism vs. aspirin plus low-
dose warfarin. The magnitude of risk reduction was similar to
that seen in non-CKD patients [14].

In a registry study from Denmark, Olesen et al. analyzed
132,372 AF patients, including 3587 (2.7%) with non-ESRD
CKD and 901 (0.7%) with ESRD. Renal function by estimat-
ed glomerular filtration rate (eGFR) or CrCl was not specified
within the non-end stage CKD population. The study showed
a trend toward attenuated stroke risk with warfarin use among
the population of AF with CHA2DS2-VASc≥ 2 and non-
ESRD CKD (HR, 0.84; CI, 0.69–1.01) [15]. Warfarin was
also found to be superior to aspirin alone for TE prophylaxis.
This benefit was balanced by a higher risk of bleeding (HR,
1.36; CI, 1.17–1.59) with warfarin [14].

In a separate Danish registry study, Bonde et al. analyzed
154,359 AF patients, including 11,128 (7.2%) with non-
ESRD CKD and 1728 (1.1%) with ESRD. Similar to Olesen
et al., warfarin use in the non-ESRD group was associated
with a decreased composite outcome of fatal stroke/fatal
bleeding (HR, 0.71; CI, 0.57–0.88), a lower risk of cardiovas-
cular death (HR, 0.80; CI, 0.74–0.88), and reduced all-cause
mortality (HR, 0.64; CI, 0.60–0.69) [3]. A separate study by
the same group stratified 17,349 patients with AF by eGFR.
Across all eGFR groups, warfarin use was associated with

higher bleeding. For patients with eGFR ≥ 15 mL/min/
1.73 m2, warfarin was associated with lower stroke risk [16].

An analysis of the SWEDEHEART registry included
24,317 patients with AF after hospitalization for acute myo-
cardial infarction (MI); 51.7% of these patients had moderate
to severe CKD (eGFR ≤ 60 mL/min/1.73m2). In the moderate
CKD subset (eGFR 31–60 mL/min/1.73m2), warfarin was
associated with reduced risk of stroke (HR, 0.54; CI, 0.43–
0.69) and reduced composite endpoint of all-cause mortality,
recurrent myocardial infarction, and stroke (HR, 0.83; CI,
0.78–0.88) compared with no anticoagulation [2].

Analysis of the Loire Valley Atrial Fibrillation Project pop-
ulation included 5912 patients with AF and their correspond-
ing eGFRs. In the 2641 patients with moderate CKD (eGFR
30–59 mL/min/1.73m2), warfarin conveyed a reduction in the
combined endpoint of stroke/TE/all-cause mortality (RR,
0.47; CI, 0.39–0.57). The risk reduction for ischemic stroke
alone or stroke/TE was not statistically significant [17].

A propensity-matched population study of 7000 non-
ESRD, CKD patients with AF in the UK showed higher rates
of hemorrhage (HR, 2.42; CI, 1.44–4.05) and lower all-cause
mortality (HR, 0.82; CI, 0.74–0.91) when taking anticoagu-
lants, 72% of which were vitamin K antagonists. Contrary to
other studies, the rate of ischemic stroke was higher in the
anticoagulation group (HR, 2.60; CI, 2.00–3.38) [18].

A meta-analysis including several of the abovementioned
observational studies by Dahal et al. included > 48,500 pa-
tients with > 11,600 warfarin users. This study showed an
overall reduction in stroke/TE (HR, 0.70; CI, 0.54–0.89) and
mortality (HR, 0.65; CI, 0.59–0.72) associated with warfarin
use in patients with non-ESRD CKD [19]. Overall, the major-
ity of studies appears to show that warfarin reduces the risk of
stroke/TE, cardiovascular death, and all-cause mortality with-
in the non-ESRD CKD population.

Warfarin in ESRD

Dialysis is independently associated with a higher risk of
stroke/TE across all CHA2DS2-VASc scores [3], yet the net
benefit of warfarin in patients with AF and ESRD remains
unclear. While the prevalence of AF has been increasing in
the older dialysis population, there is evidence that warfarin
use has remained relatively low. This fact may reflect the lack
of evidence demonstrating a clear benefit of warfarin in this
population [20]. Some studies have demonstrated reduced
stroke and mortality associated with warfarin use [3, 15],
others have found either no benefit or increased rates of stroke,
bleeding, and death [9, 21, 22].

Two large Danish registries studies have analyzed warfarin
use in AF and CKD including 901 and 1728 ESRD patients,
respectively. Olesen et al. showed a reduction in stroke/TE
with warfarin alone compared with no anticoagulant (HR,
0.44; CI, 0.26–0.74). Unexpectedly, patients who received
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warfarin combined with aspirin did not show a benefit for
stroke/TE reduction (HR, 0.82; CI, 0.37–1.80). Bleeding
was noted to be statistically higher in patients taking aspirin
alone (HR, 1.63; CI, 1.18–2.26) but not elevated in patients
taking warfarin alone (HR, 1.27; CI, 0.91–1.77) or combined
warfarin and aspirin [15]. Contrarily, Bonde et al. showed no
significant difference in cardiovascular death or all stroke/
bleeding but noted a reduction in all-cause mortality (HR,
0.85; CI, 0.72–0.99) in patients with CHA2DS2VASc ≥ 2
who received warfarin [3]. Carrero et al. found that warfarin
was associated with reduced composite risk of death, MI,
ischemic stroke (adjusted HR, 0.57; CI, 0.37–0.86) in the
strata of eGFR ≤ 15 mL/min/1.73m2 [2]. However, this par-
ticular study did not specify number/proportion of patients
receiving chronic dialysis and warfarin use was not associated
with a reduction in ischemic stroke alone. Shen et al. analyzed
12,284 dialysis patients with newly diagnosed AF, of which
1838were initiated onwarfarin. Compared with non-use, war-
farin was associated with reduced mortality (HR, 0.84; CI,
0.73–0.97) [23].

In contrast to the above studies, which suggest some ben-
efit of warfarin over no anticoagulation, a population-based
retrospective cohort of Canadian patients with AF showed no
benefit in ESRD patients. In this study comparing chronic
dialysis to non-dialysis patients (renal function was not spec-
ified in the non-dialysis group), Shah et al. analyzed 204,210
patients, of whom 1626 had ESRD. The ESRD patients de-
rived no benefit in terms of stroke risk from warfarin use
(adjusted HR, 1.14; CI 0.78–1.67). A significant reduction
in stroke, however, was found in non-ESRD patients using
warfarin (HR, 0.87; CI, 0.85–0.90). In both groups, warfarin
usage increased bleeding risk [24].

In a retrospective study of 41,425 ESRD patients receiving
aspirin, clopidogrel, or warfarin, Chan et al. demonstrated an
overall higher mortality with warfarin use (HR, 1.27; CI,
1.18–1.37) [9]. In a separate analysis of ESRD patients with
concomitant AF, the same group showed double the rate of
overall stroke with warfarin use compared with no
anticoagulation (HR, 2.0; CI, 1.34–2.99). The risk of both
ischemic stroke (HR, 1.81; CI, 1.12–2.92) and hemorrhagic
stroke (HR, 2.22; CI, 1.01–4.91) was higher with warfarin use
vs. patients not on the drug [22]. Use of aspirin and
clopidogrel was not significantly associated with stroke rate.

Some studies have demonstrated that warfarin is associated
with worse outcomes in ESRD patients. Wizeman et al. ana-
lyzed 17,513 ESRD patients from the Dialysis Outcomes and
Practice Patterns Study, of whom 2188 patients also had AF.
In the AF group, warfarin use was associated with increased
risk of all stroke in patients > 75 years old (HR, 2.17; CI,
1.04–4.53) [21]. Unfortunately, the study did not detail the
proportion of ischemic vs. hemorrhagic strokes.

In a propensity matched cohort of 5548 patients with AF
and ESRD from Korea, Yoon et al. showed that warfarin

conveyed an increased risk of hemorrhagic CVA (HR, 1.56;
CI, 1.1–2.22) with no statistically significant difference in
rates of ischemic stroke, GI bleeding, or peripheral vascular
disease [25]. In the largest of several recent meta-analyses,
Tan et al. included 20 observational studies and 56,146 pa-
tients with AF and ESRD. Warfarin was not associated with a
significant reduction in ischemic stroke (HR, 0.80; CI, 0.58–
1.11) or all cause stroke (HR, 0.92; CI, 0.74–1.16). There was
however, a significant increase in all-cause bleeding (HR,
1.21; CI, 1.01–1.44) [26]. Two other large meta-analyses of
AF and ESRD populations have drawn similar conclusions
[19, 27].

A recent large meta-analysis performed by Randhawa et al.
included 70,331 AF patients on dialysis across 19 studies,
25% of whom were taking warfarin. Their analysis showed
a significantly higher risk of hemorrhagic stroke (HR, 1.49;
CI,1.03–1.94), significantly higher risk of major bleeding
(HR, 1.68; CI, 1.02–2.35) and no change in ischemic stroke
risk or overall mortality [28].

While the overall benefit of warfarin in ESRD is debatable,
there is general agreement that its narrow therapeutic index,
labile anticoagulant effect, drug/food interactions, and suscep-
tibility to genetic variance limit potential positive outcomes
[29, 30]. Indeed, fluctuations in volume status leading to he-
patic congestion and redistribution of body fluids are known
to complicate warfarin management and may contribute its
inconsistent benefit seen in this patient population [29].

The ability to maintain a narrow therapeutic window is
notoriously difficulty in the CKD population. While warfarin
metabolism is primarily directed by the CYP2C9 enzyme,
kidney function is a significant determinant of warfarin clear-
ance. Renal dysfunction frequently leads to a propensity for
over-anticoagulation [31]. In patients with CKD, more severe
kidney dysfunction is associated with higher bleeding rates
upon initiating warfarin [32]. Disordered hemostasis and
platelet function occur with advancing kidney disease and
likely play a role in the higher incidence of bleeding seen with
warfarin use in this population [32, 33].

Another special consideration is the increased inci-
dence of calciphylaxis seen with warfarin use in the
ESRD population [34]. Calciphylaxis, a process of sys-
temic arterial calcification in vascular beds, frequently
results in painful, nonhealing skin lesions and is associat-
ed with a 1-year mortality of 45–80% [35]. In a retrospec-
tive analysis of new ESRD patients, the strongest risk
factor for development of calciphylaxis was warfarin use
(OR, 3.22; CI, 2.11 to 4.65) [36]. A multicenter observa-
tional study by Di Lullo et al. demonstrated reduced car-
diac valve calcium deposition and lower serum markers of
inflammation in users of rivaroxaban as compared with
warfarin [37]. Though the exact mechanism is unknown,
these findings suggest vitamin K inhibition may acceler-
ate the process of vascular calcification [37].
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The uncertain benefit of warfarin for stroke prevention for
patients with AF with ESRD is illustrated by differing recom-
mendations by international societies. The ACC/AHA/HRS
2014 guidelines for stroke prevention in AF give a 2A recom-
mendation for use of warfarin in ESRD, while the Canadian
Cardiovascular Society guidelines and KDIGO recommend
against routine use of warfarin in this population, citing lack
of evidence for benefit [34]. The European Society of
Cardiology (ESC) 2016 guidelinesmake no recommendations
in this population, stating only that randomized trials are need-
ed [38]. The recent ACC/AHA/HRS 2019 guideline focused
update changed warfarin’s recommendation to 2B [39].

Non-vitamin K Dependent Oral
Anticoagulants

DOAC in Moderate CKD

Non-vitamin K-dependent target specific oral anticoagulants
(DOACs) constitute a more convenient, more effective alter-
native to warfarin. DOACs have a more consistent therapeutic
effect, no need for routine therapeutic monitoring, and no
food-drug interactions [5]. The pivotal phase 3 trials for each
DOAC have demonstrated non-inferiority (apixaban,
rivaroxaban, edoxaban) [40–42] or superiority (dabigatran)
[43] to warfarin for stroke/TE prevention in non-valvular AF
patients. Apixaban and edoxaban have also demonstrated re-
duced bleeding risk compared with warfarin [7] (Table 1).

Unlike warfarin, which is less dependent upon renal func-
tion for drug clearance, all four DOACs are, to varying de-
grees, dependent on renal clearance; apixaban is the least de-
pendent at 25%, and dabigatran is the most dependent at 80%
[44]. Accordingly, summaries of product characteristics and
dose adjustments for each DOAC in CKD are listed in Table 1
[6]. The Food and Drug Administration (FDA) and other ma-
jor regulatory agencies have approved the use of DOACs
according to their recommended dose adjustments in moder-
ate CKD [45]. Each of the phase 3 DOAC trials included
patients with moderate CKD while excluding those with se-
vere CKD and ESRD on dialysis [40–43]. All trials defined
CKD according to CrCl and generally excluded patients with
CrCl < 25 mL/min (see Table 1).

Re-analysis was performed for each of the DOAC trials,
comparing moderate CKD patients with those with normal
renal function [46–49]. All trials showed a higher risk of
bleeding and thromboembolism with worsening renal dys-
function; however, several key differences between the med-
ications were noted. In RE-LY, dabigatran displayed signifi-
cant lower rates of major bleeding compared with warfarin for
eGFR ≥ 80 mL/min [46]. No difference was noted for patients
with worse renal function. In ARISTOTLE, apixaban use
demonstrated reduced rate of stroke, death, and major

bleeding, regardless of renal function. For patients assigned
apixaban, the greatest reduction in major bleeding compared
with warfarin occurred in patients with eGFR ≤ 50 mL/min
(HR, 0.48; CI, 0.37–0.64) [47]. In ENGAGE AF-TIMI 48,
exploratory analyses in patients with a CrCl > 95 mL/min
using edoxaban suggested lower relative efficacy compared
with warfarin [49]. No significant interaction for efficacy or
bleeding was noted for rivaroxaban across different renal
functions in the ROCKET-AF study [49].

A recent meta-analysis of over 12,545 CKD patients within
five randomized trials of DOACs demonstrated benefit of
DOACs compared with warfarin. Strokes/TE events in pa-
tients taking DOACs, in comparison with warfarin, were nu-
merically lower, though the difference was not statistically
significant (RR, 0.82; CI, 0.66–1.02). Similarly, major bleed-
ing events in comparison with warfarin also showed a trend
toward reduction but did not meet statistical significance (RR,
0.80; CI, 0.62–1.03) [45].

Recent retrospective studies of non-dialysis patients with
AF and moderate-severe CKD have demonstrated results in
favor of DOACs. A comparison of rivaroxaban vs. warfarin in
AF and CKD (eGFR 15–45 mL/min) patients concluded that
it was safer than warfarin, with no bleeding in the rivaroxaban
arm [50]. One small retrospective study of edoxaban use in
AF, non-dialysis, severe CKD patients (eGFR 15–29mL/min)
demonstrated no major bleeding or thrombotic events ob-
served during short duration of follow-up [51].

The currently available evidence suggests that DOACs in
the CKD population are at least as effective as warfarin in
reducing the risk of stroke/TE. The bleeding profiles appear
similar as well (Table 1). Given their relative ease of use with
reduced monitoring, minimal food-drug interaction, and con-
sistent dosing, it is likely that DOACs will continue to be
utilized more frequently than warfarin as first-line therapy
for stroke prevention in patients with AF and moderate
CKD. The ESC 2016 guidelines prefer DOACs in eligible
patients over warfarin (class I, level of evidence A) but make
no recommendations on DOAC use in CKD. The document
does, however, cite a meta-analysis of the randomized trials
concluding fewer strokes, systemic emboli, or major bleeding
events for DOACs compared with warfarin [38]. The ACC/
AHA/HRS 2014 guidelines give a class 2B, level of evidence
C, recommendation for dose-adjusted NOAC use in non-
ESRD CKD patients with AF and CHA2DS2-VASc ≥ 2 [1];
the 2019 ACC/AHA/HRS focused update makes a similar
statement with slightly higher level of evidence (B-R) [39].

DOACs in ESRD on Hemodialysis

DOACs have not been well-studied in patients with AF on
dialysis. All phase 3 DOAC trials excluded patients with CrCl
< 25 mL/min, and there have been no adequate prospective
studies documenting the safety and efficacy of these agents in
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ESRD. Despite this, DOAC use in ESRD is becoming more
commonplace in contemporary clinical practice [12]. In the
case of dabigatran, the first record of its use in ESRD patients
began as early as 45 days after US approval [12]. A recent
analysis of Medicaid beneficiaries revealed increasing use of
apixaban in the AF and ESRD population since its approval in
2013. In 2015, 26.6% of new anticoagulant prescriptions were
for apixaban, with a concurrent decrease in warfarin use [52].
A few small clinical and pharmacodynamic studies have been
performed to measure the effect of dialysis on DOAC levels.
These studies used concentration-time curves to compare the
exposure of DOACs at standard and reduced doses in ESRD
patients to healthy volunteers [44].

Dabigatran is the only agent that is largely renally cleared
and therefore reversible by dialysis. A single session elimi-
nates 50–60% of dabigatran plasma concentrations according
to a small pharmacologic study [53]. While the pharmacody-
namic properties would seem to favor its use in ESRD, an
observational study using the FMCNA database by Chan
et al. showed a 1.5-fold higher risk of hospitalization/death
in ESRD patients exposed to dabigatran vs. warfarin [12].

Rivaroxaban and edoxaban are poorly cleared by hemodi-
alysis and accumulate quickly in ESRD patients [44]. Like
dabigatran, rivaroxaban was also associated with higher
hospitalization/death in ESRD patients when compared with
warfarin in a retrospective analysis (HR, 1.38; CI, 1.03–1.83)
[12]. The 2014 AHA/ACC/HRS guidelines do not recom-
mend the use of dabigatran and rivaroxaban in ESRD patients
(class III) [1]. The recent 2019 guideline focused update main-
tains a similar recommendation for dabigatran, rivaroxaban,
and edoxaban, citing the lack of evidence of benefit vs. harm
[39]. To our knowledge, no clinical studies have compared
edoxaban with warfarin in the ESRD population.

A number of pharmacodynamic studies of apixaban sug-
gest it is poorly dialyzable but accumulates at a reduced rate

compared to its peers [44]. One observational study by
Stanton et al. of low-dose apixaban in ESRD (73% of patients
received apixaban for AF, the remaining for TE) suggested the
bleeding rate was comparable to warfarin in ESRD patients
[54]. Based on a single dose pharmacokinetic study, apixaban
has been approved by the FDA for use in dialysis population.
The reduced dose of 2.5 mg, twice daily achieved drug levels
similar to those observed in patients with preserved kidney
function [7].

A recent retrospective analysis of 25,523 Medicare benefi-
ciaries with ESRD and AF on oral anticoagulants was pub-
lished by Siontis et al. In total, 2351 patients were taking
apixaban and the remainder was taking warfarin. Overall,
there was no difference in risk of stroke/TE comparing
apixaban with warfarin (HR, 0.88; CI, 0.69–1.12). The risk
of major bleeding favored apixaban (HR, 0.72; CI, 0.59–
0.87). Interestingly, matched cohort subgroup analysis by
apixaban dosing suggested that standard 5 mg twice a day
dosing was associated with statistically significantly lower
risks of incident stroke/TE (HR, 0.64; CI, 0.42–0.97), major
bleeding (HR, 0.71; CI, 0.53–0.95), and death (HR, 0.63; CI,
0.46–0.85) compared with warfarin. The lower 2.5 mg twice a
day dosing was associated with a lower risk of major bleeding
compared with warfarin (HR, 0.71; CI, 0.56–0.91), but no
differences were noted for stroke/SE (HR, 1.11; CI, 0.82–
1.50) or death (HR, 1.07; CI, 0.87–1.33) [52].

Of the four DOACs, rivaroxaban and apixaban have re-
ceived FDA approval for use in ESRD based on pharmacody-
namic studies [6, 55]. Despite a lack of prospective studies on
safety and clinical efficacy, DOAC prescription in patients
with ESRD appears to be on the rise in routine clinical practice
[12]. Apixaban is associated with less bleeding than
rivaroxaban and dabigatran and is emerging as the favored
agent for treatment of AF in the ESRD population. The
2019 AHA/ACC/HRS guideline focused update includes the

Table 1 Summary of DOACs in phase III trials and dosing recommendations for CKD based on International Regulatory Bodies for Non-valvular
Atrial Fibrillation

Dabigatran (RE-LY) Rivaroxaban
(ROCKET-AF)

Apixaban
(ARISTOTLE)

Edoxaban (ENGAGE
AF-TIMI 48)

Number of patients 18,113 14,264 18,201 21,105

Dose 150 mg or 110 mg twice daily 20 mg once daily 5 mg twice daily 60 mg or 30 mg once
daily

Moderate CKD Definition (CrCl) 31–49 mL/min 25–50 mL/min 30–49 mL/min 30–50 mL/min

Dose adjustment for moderate CKD 75 mg twice daily 15 mg once daily 2.5 mg twice daily 30 mg once daily

Number of patients with moderate CKD 3554 (20%) 2950 (21%) 3017 (17%) 2740 (19.5%)

Exclusion criteria based on CrCl < 30 mL/min < 30 mL/min Serum Cr > 2.5 mg/dL
or CrCl <25 mL/min

< 30 mL/min

Primary efficacy outcome: stroke and
SE vs. warfarin (HR, 95% CI)

150 mg: 0.56 (0.37–0.85)
110 mg: 0.85 (0.59–1.24)

0.84 (0.57–1.23) 0.79 (0.55–1.14) 0.87 (0.64–1.19)

Primary safety outcome: major bleeding
(HR, 95% CI)

150 mg: 1.02 (0.79–1.30)
110 mg: 0.99 (0.77–1.28)

0.95 (0.72–1.26) 0.5 (0.38–0.66) 0.76 (0.58–0.98)
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use of apixaban or warfarin for thromboembolism prevention
in AF and ESRD patients [39]. The recent FDA approval of
DOAC antidotes—andexanet alfa (decoy proteins for
apixaban and rivaroxaban) and idarucizumab (antibody frag-
ment against dabigatran)—could potentially increase use of
these agents [56]. Although it is clear that clinicians have
already begun to embrace the role of these agents in dialysis
patients, large-scale studies are still needed to demonstrate
their efficacy and safety [29].

Conclusions

Oral anticoagulation for the prevention of stroke/TE and re-
duction in mortality in patients with AF and with moderate
CKD appears to be beneficial, just as in the AF population
with normal renal function. Multiple international guidelines
have recommended either warfarin or a dose-reduced DOAC
as standard therapy for these patients [34]. However, in severe
CKD and ESRD patients on dialysis, the evidence is less clear.
While the AHA/ACC/HRS guidelines recommend against
DOACs and favor warfarin in this population, other society
guidelines make no recommendations on any anticoagulation,
including warfarin. It is clear that larger prospective clinical
trials are needed to investigate the benefit and risks of oral
anticoagulants in AF with moderate to severe CKD, including
the ESRD population.

A number of clinical trials are currently underway to inves-
tigate oral anticoagulant use in ESRD. AXADIA (Compare
Apixaban and Vitamin-K Antagonists in Patients with Atrial
Fibrillation and End-StageKidneyDisease) is an open-labeled,
randomized, controlled, phase 3b trial that will compare the
safety of apixaban versus the vitamin K antagonist
phenprocoumon, a derivative of coumarin in AF with CKD-
5D. RENAL-AF (Renal Hemodialysis Patients Allocated
Apixaban Versus Warfarin in Atrial Fibrillation) is a phase 4,
open-labeled, randomized trial that will compare apixaban
with warfarin in ESRD patients. AVKDIAL (Oral
Anticoagulation in Hemodialysis Patients) is a phase 4 open-
label randomized trial comparing the safety of oral
anticoagulation with vitamin K antagonists versus no
anticoagulation in 855 patients with AF with CKD-5D [34].
Data from these trials will better enable clinicians to assess net
clinical benefit for individuals with AF and severe CKD and
ESRD.

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no conflict of
interest.

Ethical Approval This article does not contain any studies with human
participants or animals performed by any of the authors.

References

1. January CT, Wann LS, Alpert JS, Calkins H, Cigarroa JE,
Cleveland JC Jr, et al. 2014 AHA/ACC/HRS guideline for the
management of patients with atrial fibrillation: a report of the
American College of Cardiology/American Heart Association
Task Force on Practice Guidelines and the Heart Rhythm Society.
J Am Coll Cardiol. 2014;64(21):e1–76.

2. Carrero JJ, EvansM, Szummer K, Spaak J, Lindhagen L, Edfors R,
et al. Warfarin, kidney dysfunction, and outcomes following acute
myocardial infarction in patients with atrial fibrillation. JAMA.
2014;311(9):919–28.

3. Bonde AN, Lip GY, Kamper AL, Hansen PR, Lamberts M,
Hommel K, et al. Net clinical benefit of antithrombotic therapy in
patients with atrial fibrillation and chronic kidney disease: a nation-
wide observational cohort study. J Am Coll Cardiol. 2014;64(23):
2471–82.

4. Piccini JP, Stevens SR, Chang Y, Singer DE, Lokhnygina Y, Go
AS, et al. Renal dysfunction as a predictor of stroke and systemic
embolism in patients with nonvalvular atrial fibrillation: validation
of the R(2)CHADS(2) index in the ROCKET AF (Rivaroxaban
Once-daily, oral, direct factor Xa inhibition Compared with
vitamin K antagonism for prevention of stroke and Embolism
Trial in Atrial Fibrillation) and ATRIA (AnTicoagulation and Risk
factors In Atrial fibrillation) study cohorts. Circulation.
2013;127(2):224–32.

5. Qamar A, Bhatt DL. Stroke prevention in atrial fibrillation in pa-
tients with chronic kidney disease. Circulation. 2016;133(15):
1512–5.

6. Di Lullo L, Ronco C, Cozzolino M, Russo D, Russo L, Di Iorio B,
et al. Nonvitamin K-dependent oral anticoagulants (NOACs) in
chronic kidney disease patients with atrial fibrillation. Thromb
Res. 2017;155:38–47.

7. Shroff GR, Stoecker R, Hart A. Non-vitamin K-dependent oral
anticoagulants for nonvalvular atrial fibrillation in patients with
CKD: pragmatic considerations for the clinician. Am J Kidney
Dis. 2018;72:717–27.

8. Stroke Prevention in Atrial Fibrillation Study. Final results.
Circulation. 1991;84(2):527–39.

9. Chan KE, Lazarus JM, Thadhani R, Hakim RM. Anticoagulant and
antiplatelet usage associates with mortality among hemodialysis
patients. J Am Soc Nephrol. 2009;20(4):872–81.

10. Connolly SJ, Laupacis A, Gent M, Roberts RS, Cairns JA, Joyner
C. Canadian atrial fibrillation anticoagulation (CAFA) study. J Am
Coll Cardiol. 1991;18(2):349–55.

11. Petersen P, Boysen G, Godtfredsen J, Andersen ED, Andersen B.
Placebo-controlled, randomised trial of warfarin and aspirin for pre-
vention of thromboembolic complications in chronic atrial fibrilla-
tion. The Copenhagen AFASAK study. Lancet. 1989;1(8631):175–
9.

12. Chan KE, Edelman ER, Wenger JB, Thadhani RI, Maddux FW.
Dabigatran and rivaroxaban use in atrial fibrillation patients on
hemodialysis. Circulation. 2015;131(11):972–9.

13. Hart RG, Pearce LA, Aguilar MI. Meta-analysis: antithrombotic
therapy to prevent stroke in patients who have nonvalvular atrial
fibrillation. Ann Intern Med. 2007;146(12):857–67.

14. Hart RG, Pearce LA, Asinger RW, Herzog CA. Warfarin in atrial
fibrillation patients with moderate chronic kidney disease. Clin J
Am Soc Nephrol. 2011;6(11):2599–604.

15. Olesen JB, Lip GY, Kamper AL, Hommel K, Kober L, Lane DA,
et al. Stroke and bleeding in atrial fibrillation with chronic kidney
disease. N Engl J Med. 2012;367(7):625–35.

16. Bonde AN, Lip GY, Kamper AL, Fosbol EL, Staerk L, Carlson N,
et al. Renal function and the risk of stroke and bleeding in patients

486 Cardiovasc Drugs Ther (2019) 33:481–488



with atrial fibrillation: an observational cohort study. Stroke.
2016;47(11):2707–13.

17. Banerjee A, Fauchier L, Vourc'h P, Andres CR, Taillandier S,
Halimi JM, et al. A prospective study of estimated glomerular fil-
tration rate and outcomes in patients with atrial fibrillation: the
Loire Valley Atrial Fibrillation Project. Chest. 2014;145(6):1370–
82.

18. Kumar S, de Lusignan S, McGovern A, Correa A, Hriskova M,
Gatenby P, et al. Ischaemic stroke, haemorrhage, and mortality in
older patients with chronic kidney disease newly started on
anticoagulation for atrial fibrillation: a population based study from
UK primary care. BMJ. 2018;360:k342.

19. Dahal K, Kunwar S, Rijal J, Schulman P, Lee J. Stroke, major
bleeding, and mortality outcomes in warfarin users with atrial fi-
brillation and chronic kidney disease: a meta-analysis of observa-
tional studies. Chest. 2016;149(4):951–9.

20. Winkelmayer WC, Liu J, Patrick AR, Setoguchi S, Choudhry NK.
Prevalence of atrial fibrillation and warfarin use in older patients
receiving hemodialysis. J Nephrol. 2012;25(3):341–53.

21. Wizemann V, Tong L, Satayathum S, Disney A, Akiba T, Fissell
RB, et al. Atrial fibrillation in hemodialysis patients: clinical fea-
tures and associations with anticoagulant therapy. Kidney Int.
2010;77(12):1098–106.

22. Chan KE, Lazarus JM, Thadhani R, Hakim RM. Warfarin use as-
sociates with increased risk for stroke in hemodialysis patients with
atrial fibrillation. J Am Soc Nephrol. 2009;20(10):2223–33.

23. 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. 2015;66(4):677–88.

24. Shah M, Avgil Tsadok M, Jackevicius CA, Essebag V, Eisenberg
MJ, Rahme E, et al. Warfarin use and the risk for stroke and bleed-
ing in patients with atrial fibrillation undergoing dialysis.
Circulation. 2014;129(11):1196–203.

25. Yoon CY, Noh J, Jhee JH, Chang TI, Kang EW, Kee YK, et al.
Warfarin use in patients with atrial fibrillation undergoing hemodi-
alysis: a nationwide population-based study. Stroke. 2017;48(9):
2472–9.

26. Tan J, Liu S, Segal JB, Alexander GC, McAdams-DeMarco M.
Warfarin use and stroke, bleeding andmortality risk in patients with
end stage renal disease and atrial fibrillation: a systematic review
and meta-analysis. BMC Nephrol. 2016;17(1):157.

27. Harel Z, Chertow GM, Shah PS, Harel S, Dorian P, Yan AT, et al.
Warfarin and the risk of stroke and bleeding in patients with atrial
fibrillation receiving dialysis: a systematic review and meta-analy-
sis. Can J Cardiol. 2017;33(6):737–46.

28. Mandeep Singh Randhawa RV, Rai M P., Randhawa A K,Wang L,
Dhar G. Role of warfarin in patients with atrial fibrillation on dial-
ysis: meta-analysis. J Am Coll Cardiol. 2019;73(9).

29. McCullough PA, Ball T, Cox KM, Assar MD. Use of oral
anticoagulation in the management of atrial fibrillation in patients
with ESRD: pro. Clin J Am Soc Nephrol. 2016;11(11):2079–84.

30. Hirsh J, Dalen JE, Anderson DR, Poller L, Bussey H, Ansell J, et al.
Oral anticoagulants: mechanism of action, clinical effectiveness,
and optimal therapeutic range. Chest. 2001;119(1):8S–21S.

31. Gong IY, Schwarz UI, Crown N, Dresser GK, Lazo-Langner A,
Zou G, et al. Clinical and genetic determinants of warfarin pharma-
cokinetics and pharmacodynamics during treatment initiation.
PLoS One. 2011;6(11):e27808.

32. JunM, JamesMT,Manns BJ, Quinn RR, Ravani P, Tonelli M, et al.
The association between kidney function and major bleeding in
older adults with atrial fibrillation starting warfarin treatment: pop-
ulation based observational study. Bmj. 2015;350:h246.

33. Jalal DI, Chonchol M, Targher G. Disorders of hemostasis associ-
ated with chronic kidney disease. Semin Thromb Hemost.
2010;36(1):34–40.

34. Bansal VK, Herzog CA, Sarnak MJ, Choi MJ, Mehta R, Jaar BG,
et al. Oral anticoagulants to prevent stroke in nonvalvular atrial
fibrillation in patients with CKD stage 5D: an NKF-KDOQI con-
troversies report. Am J Kidney Dis. 2017;70(6):859–68.

35. Nigwekar SU, Kroshinsky D, Nazarian RM, Goverman J, Malhotra
R, Jackson VA, et al. Calciphylaxis: risk factors, diagnosis, and
treatment. Am J Kidney Dis. 2015;66(1):133–46.

36. Nigwekar SU, Zhao S, Wenger J, Hymes JL, Maddux FW,
Thadhani RI, et al. A nationally representative study of calcific
uremic arteriolopathy risk factors. J Am Soc Nephrol.
2016;27(11):3421–9.

37. Di Lullo L, Tripepi G, Ronco C, D'Arrigo G, Barbera V, Russo D,
et al. Cardiac valve calcification and use of anticoagulants: prelim-
inary observation of a potentially modifiable risk factor. Int J
Cardiol. 2019;278:243–9.

38. Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B,
et al. 2016 ESC guidelines for the management of atrial fibrillation
developed in collaboration with EACTS. Eur Heart J. 2016;37(38):
2893–962.

39. January CT,Wann LS, Calkins H, Chen LY, Cigarroa JE, Cleveland
JC Jr, et al. AHA/ACC/HRS focused update of the 2014 AHA/
ACC/HRS guideline for the management of patients with atrial
fibrillation. Circulation. 2019;2019:CIR0000000000000665.

40. Granger CB, Alexander JH, McMurray JJ, Lopes RD, Hylek EM,
Hanna M, et al. Apixaban versus warfarin in patients with atrial
fibrillation. N Engl J Med. 2011;365(11):981–92.

41. PatelMR,MahaffeyKW,Garg J, PanG, Singer DE, HackeW, et al.
Rivaroxaban versus warfarin in nonvalvular atrial fibrillation. N
Engl J Med. 2011;365(10):883–91.

42. Giugliano RP, Ruff CT, Braunwald E, Murphy SA, Wiviott SD,
Halperin JL, et al. Edoxaban versus warfarin in patients with atrial
fibrillation. N Engl J Med. 2013;369(22):2093–104.

43. Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J,
Parekh A, et al. Dabigatran versus warfarin in patients with atrial
fibrillation. N Engl J Med. 2009;361(12):1139–51.

44. Jain N, Reilly RF. Clinical pharmacology of oral anticoagulants in
patients with kidney disease. Clin J Am Soc Nephrol. 2019;14(2):
278–87.

45. Kimachi M, Furukawa TA, Kimachi K, Goto Y, Fukuma S,
Fukuhara S. Direct oral anticoagulants versus warfarin for
preventing stroke and systemic embolic events among atrial fibril-
lation patients with chronic kidney disease. Cochrane Database
Syst Rev. 2017;11:CD011373.

46. Hijazi Z, Hohnloser SH, Oldgren J, Andersson U, Connolly SJ,
Eikelboom JW, et al. Efficacy and safety of dabigatran compared
with warfarin in relation to baseline renal function in patients with
atrial fibrillation: a RE-LY (Randomized Evaluation of Long-term
Anticoagulation Therapy) trial analysis. Circulation. 2014;129(9):
961–70.

47. Hohnloser SH, Hijazi Z, Thomas L, Alexander JH, Amerena J,
Hanna M, et al. Efficacy of apixaban when compared with warfarin
in relation to renal function in patients with atrial fibrillation: in-
sights from the ARISTOTLE trial. Eur Heart J. 2012;33(22):2821–
30.

48. Fox KA, Piccini JP, Wojdyla D, Becker RC, Halperin JL, Nessel
CC, et al. Prevention of stroke and systemic embolism with
rivaroxaban compared with warfarin in patients with non-valvular
atrial fibrillation and moderate renal impairment. Eur Heart J.
2011;32(19):2387–94.

49. Bohula EA, Giugliano RP, Ruff CT, Kuder JF, Murphy SA,
Antman EM, et al. Impact of renal function on outcomes with
edoxaban in the ENGAGE AF-TIMI 48 trial. Circulation.
2016;134(1):24–36.

50. Di Lullo L, Tripepi G, Ronco C, De Pascalis A, Barbera V, Granata
A, et al. Safety and effectiveness of rivaroxaban and warfarin in

Cardiovasc Drugs Ther (2019) 33:481–488 487



moderate-to-advanced CKD: real world data. J Nephrol.
2018;31(5):751–6.

51. Fazio G, Dentamaro I, Gambacurta R, Alcamo P, Colonna P. Safety
of edoxaban 30mg in elderly patients with severe renal impairment.
Clin Drug Investig. 2018;38(11):1023–30.

52. Siontis KC, Zhang X, Eckard A, Bhave N, Schaubel DE, He K,
et al. Outcomes associated with apixaban use in patients with end-
stage kidney disease and atrial fibrillation in the United States.
Circulation. 2018;138(15):1519–29.

53. Khadzhynov D, Wagner F, Formella S, Wiegert E, Moschetti V,
Slowinski T, et al. Effective elimination of dabigatran by
haemodialysis. A phase I single-centre study in patients with end-
stage renal disease. Thromb Haemost. 2013;109(4):596–605.

54. Stanton BE, Barasch NS, Tellor KB. Comparison of the safety and
effectiveness of apixaban versus warfarin in patients with severe
renal impairment. Pharmacotherapy. 2017;37(4):412–9.

55. Services USDoHaH. XARELTO (RIVAROXABAN) Safety-
related labeling changes approved by FDA Center for Drug
Evaluation and Research (CDER). In: Services USDoHaH, editor.:
U.S. Department of Health and Human Services; 2016.

56. Heo YA. Andexanet alfa: first global approval. Drugs. 2018;78(10):
1049–55.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

488 Cardiovasc Drugs Ther (2019) 33:481–488


	Oral...
	Abstract
	Introduction
	Warfarin
	Warfarin in Moderate CKD
	Warfarin in ESRD

	Non-vitamin K Dependent Oral Anticoagulants
	DOAC in Moderate CKD
	DOACs in ESRD on Hemodialysis

	Conclusions
	References


