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Atrial fibrillation and chronic kidney disease (CKD) commonly occur together, which poses a

therapeutic dilemma due to increased risk of both systemic thromboembolism and bleeding.

Chronic kidney disease also has implications for medication selection. The objective of this

review is to evaluate the options for anticoagulation for thromboembolism prevention in

patients with atrial fibrillation and chronic kidney disease. We searched PubMed for studies of

patients with atrial fibrillation and CKD on warfarin or a direct oral anticoagulant (DOAC) for

thromboembolism prevention through January 1 2018, in addition to evaluating major trials

evaluating DOACs and warfarin use as well as society guidelines. For patients with mild to mod-

erate chronic kidney disease, primarily observational data supports the use of warfarin, and high

quality trial data and meta-analyses support the use and possible superiority of DOACs. For

patients with severe chronic kidney disease, there are limited data on warfarin which supports

its use, and data for DOACs is limited primarily to pharmacologic studies which support dose

reductions but lack information on patient outcomes. For patients with end-stage renal disease,

studies on warfarin are conflicting, but the majority suggest a lack of benefit and possible harm;

studies in DOACs are very limited, but apixaban is the least renally cleared and may be both safe

and effective. In conclusion, warfarin or DOACs may be used based on the degree of severity of

chronic kidney disease, but further study in needed in patients with end-stage renal disease.
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1 | INTRODUCTION

Atrial fibrillation (AF) is more common in patients with chronic kid-

ney disease (CKD),1 especially dialysis patients.2 This leads to impor-

tant therapeutic challenges as patients with CKD and AF are at

increased risk for both systemic thromboembolism and bleeding.3–5

In particular, the combination of AF and dialysis has been associated

with increased risk of death and bleeding.5 Increased risk of bleed-

ing in dialysis patients is thought to be due to several mechanisms

leading to impaired hemostasis.6 Increased thromboembolism risk in

dialysis patients is thought to be due to the presence of traditional

risk factors,7 increased platelet activation during dialysis,6 systemic

inflammation and endothelial damage,7 and coagulation

derangements.8

Society guidelines recommend anticoagulation for patients with AF

and elevated stroke risk, such as prior stroke, transient ischemic attack

(TIA), or a CHA2DS2-VASc (congestive heart failure, hypertension, age

64-74 [1 point], age over 75 [2 points], diabetes, stroke/TIA/thrombo-

embolism [2 points], vascular disease, female sex) score over 1,9 but

questions remain about the choice of anticoagulation in CKD patients.

Warfarin had been the mainstay of oral anticoagulant treatment for

many years until the development of direct oral anticoagulants

(DOACs). However, there is limited data regarding warfarin use in CKD

as prior studies did not quantify CKD patients or only included low

numbers of them.10–15 Warfarin use in end-stage renal disease (ESRD)

is especially controversial due to conflicting evidence. Finally, major tri-

als supporting the use of DOACs excluded patients with severe CKD or

ESRD. In general, for thromboembolism prevention, the combined
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American Heart Association (AHA), American College of Cardiology

(ACC), and Heart Rhythm Society (HRS) guidelines recommend warfarin

or DOACs with similar strength (class I recommendation),9 while the

European Society of Cardiology (ESC)16 and Canadian Cardiovascular

Society (CCS)17 guidelines recommend DOACs over warfarin (Table 1).

In addition, patients with CKD have been shown to be at especially

increased risk of off-label dosing of DOACs, with overdosing associated

with increased mortality, and underdosing associated with increased

cardiovascular hospitalizations.18

The purpose of this review is to evaluate the available data

regarding the options by CKD stage for anticoagulation for thrombo-

embolism prevention in patients with AF. In addition to kidney func-

tion, other patient factors should be considered when choosing

anticoagulation, such as age, weight, liver function, drug interactions,

comorbid medical conditions, and ability to take daily or twice daily

medications consistently.19

2 | MANAGEMENT BY CKD STAGE

2.1 | Mild to moderate CKD (glomerular filtration
rate [GFR] 30-90 mL/min/1.73 m2)

AHA/ACC/HRS guidelines recommend both warfarin (class I, level of

evidence [LOE] A) and DOACs (class 1, LOE B) as options for throm-

boembolism prevention overall, with dose adjustments for patients

with moderate to severe CKD (class IIb/C for DOACs).9 The ESC16

and CCS17 guidelines recommend DOACs over warfarin in general,

without specific mention of mild to moderate CKD (Table 1).

2.1.1 | Warfarin

In general, studies on warfarin in CKD patients are retrospective and

observational, but the majority support its use in patients with mild to

moderate CKD. Stroke Prevention in Atrial Fibrillation III was a ran-

domized controlled trial comparing dose-adjusted warfarin with aspi-

rin plus fixed low dose warfarin. In patients with stage 3 CKD, dose-

adjusted warfarin resulted in a 76% relative risk reduction of ischemic

stroke and systemic embolism.15 A large, observational, multi-center

study in Sweden of over 24 000 patients with CKD demonstrated a

lower rate of the composite of death, myocardial infarction (MI), and

ischemic stroke in each CKD category, without elevated bleeding risk

with warfarin. A major limitation of this study was that time in the

therapeutic range was over 75%, which is much better than what is

generally achieved in the United States.20 Several other small studies

have shown reductions in stroke with warfarin compared to non-

use.4,21,22 A meta-analysis comprising 11 cohorts of CKD patients

with AF totaling over 48 000 patients, including over 11 000 on war-

farin, found a 30% lower risk of ischemic stroke and thromboembo-

lism among non-end-stage CKD patients on warfarin.23 Another

meta-analysis found similar results with reduction in thromboembolic

events in non-end-stage CKD, but also showed DOACs to be superior

to warfarin.3

2.1.2 | DOACs

The four major DOACs (dabigatran, rivaroxaban, apixaban, and edoxa-

ban) were each studied in large, double-blinded, and randomized con-

trolled trials (Table 2) which included patients with mild to moderate

CKD and demonstrated either noninferiority or superiority of DOACs

over warfarin for stroke and thromboembolism prevention. Patients

with creatinine clearance (CrCl) of at least 25 mL/min were included

TABLE 1 Society guidelines for anticoagulation in AF by CKD stage

CKD stage AHA/ACC/HRS ESC CCS

Mild to moderate
Stages 2-3 (eGFR 30-90 mL/

min/1.73 m2)

Warfarin (class 1, LOE A)
DOACs (class 1, LOE B) with dose

adjustment for moderate CKD
(class Iib, LOE C)

DOACs recommended in general
(mild to moderate CKD not
mentioned)

DOACs recommended in general
(mild to moderate CKD not
mentioned)

Severe
Stage 4 (eGFR 15-29 mL/

min/1.73 m2)

Warfarin recommended, DOACs
may be considered (class Iib, LOE
C)

Anticoagulation may safely be given
(specific drugs not mentioned)

Warfarin recommended

End stage renal disease
Stage 5 (eGFR <15 mL/

min/1.73 m2 or on
hemodialysis)

Warfarin recommended (class IIa,
LOE B), recommend against
dabigatran and rivaroxaban (class
III, LOE C)

No specific recommendation given Cannot recommend routine
anticoagulation for dialysis
patients due to lack of data

Abbreviations: ACC, American College of Cardiology; AF, atrial fibrillation; AHA, American Heart Associated; CCS, Canadian Cardiovascular Society; CKD,
chronic kidney disease; DOAC, direct oral anticoagulant; eGFR, estimated glomerular filtration rate; ESC, European Society of Cardiology; HRS, Heart
Rhythm Society; LOE, level of evidence.

TABLE 2 Major trials for DOACs in AF

DOAC Trial
CrCl included
(mL/min) Efficacy Safety

Dabigatran RE-LY At least 30 Dabigatran noninferior to warfarin Similar overall hemorrhage, increased gastrointestinal and life
threatening hemorrhage with 150 mg BID dosing

Rivaroxaban ROCKET-AF At least 30 Rivaroxaban noninferior to warfarin No difference in major bleeding

Apixaban ARISTOTLE At least 25 Apixaban superior to warfarin Lower bleeding overall

Edoxaban ENGAGE At least 30 Edoxaban noninferior to warfarin Lower bleeding overall

Abbreviations: AF, atrial fibrillation; CrCl, creatinine clearance; DOAC, direct oral anticoagulant.
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in ARISTOTLE, and at least 30 mL/min in the rest. In the RE-LY Trial,

the 110 mg twice daily (BID) dosing of dabigatran was noninferior to

warfarin for stroke and systemic embolism prevention, with a lower

risk of major hemorrhage. The 150 mg BID dosing (FDA-approved

dosing) carried a lower thromboembolic risk with similar overall hem-

orrhage, but higher rates of gastrointestinal and life threatening bleed-

ing.24 Of note, there have been case reports of dabigatran-related

kidney injury, and this would be of particular concern in patients with

CKD.25 ROCKET-AF compared two doses of rivaroxaban (20 mg daily

for CrCl of 50 mL/min or greater, and 15 mg daily for CrCl of

30-49 mL/min) to warfarin. Rivaroxaban was noninferior to warfarin

for stroke prevention, with no change in major bleeding.26 ARIS-

TOTLE compared two doses of apixaban (5 mg BID for most patients,

with a reduction to 2.5 mg BID in patients with two of the following:

age ≥ 80, weight ≤ 60 kg, Cr ≥ 1.5 mg/dL) to warfarin. Overall, apixa-

ban was superior to warfarin for stroke and embolism prevention,

with less bleeding risk overall. The 2.5 mg BID dosing was noninferior

to warfarin, but the overall number of patients who received this dos-

ing was small.27 ENGAGE compared edoxaban (high dose of 60 mg

and low dose of 30 mg) to warfarin. The dose of edoxaban in either

group was decreased by half for CrCl of 30 to 50 mL/min, weight of

60 kg or less, or use of interacting medications based on pharmacoki-

netic modeling. Edoxaban was noninferior to warfarin for thromboem-

bolism prevention, with lower rates of bleeding and cardiovascular

death.28

Several further studies of DOACs in patients with mild and mod-

erate CKD have confirmed the results observed in clinical trials. A

2014 prespecified analysis of RE-LY demonstrated that rates of stroke

or systemic embolism, major bleeding, and all-cause mortality

increased as renal function decreased. The rates of stroke or systemic

embolism were lower with dabigatran 150 mg, and similar with

110 mg twice daily when compared with warfarin, without significant

difference in subgroups defined by renal function. The study, how-

ever, grouped all patients with GFR < 50 mL/min together, and did

not include patients with GFR < 30 mL/min.29 Another study compar-

ing patients on dabigatran 110 mg twice daily with CrCl of 50 mL/min

or greater to patients with CrCl of 30 to 49 mL/min showed no differ-

ence in total bleeding events between the two groups, demonstrating

the safety of the low dose in moderate CKD with respect to bleeding

risk.30

Apixaban 5 mg BID was compared to aspirin in stage 3 CKD

patients from the AVERROES trial, and significantly reduced stroke

risk without increase in major bleeding.31 When compared with war-

farin in an analysis of ARISTOTLE, apixaban remained more effective

and safe regardless of renal function. In fact, the relative risk reduction

in major bleeding was greatest in patients with an estimated glomeru-

lar filtration rate (eGFR) ≤ 50 mL/min. Patients with eGFR < 50 mL/

min were included in one group, and patients with eGFR < 30 mL/

min were not included.32 Another 2016 analysis of ARISTOTLE also

demonstrated that the benefit of apixaban was preserved regardless

of renal function. Again, patients with eGFR <30 mL/min were not

included, and eGFR <50 mL/min was treated as one group.33

An analysis of the ENGAGE trial comparing edoxaban to warfarin

demonstrated that the reduction in risk of stroke and systemic embo-

lism with edoxaban was preserved across renal function groups in

patients with CrCl of at least 30 mL/min. The analysis treated CrCl <

50 mL/min as one group.34

In addition, multiple meta-analyses have demonstrated the overall

superiority of DOACs to warfarin. A 2014 meta-analysis of the four

major DOAC trials mentioned previously demonstrated that, as a

class, DOACs were superior to warfarin for stroke prevention, espe-

cially for hemorrhagic stroke with reduced mortality and intracranial

hemorrhage, but increased gastrointestinal bleeding. However, the

increase in gastrointestinal bleeding may be driven primarily by dabi-

gatran and rivaroxaban, rather than apixaban or edoxaban.35 As men-

tioned previously, another meta-analysis of major DOAC trials also

demonstrated the superiority of DOACs to warfarin in patients with

non-end-stage CKD in thromboembolic event reduction.3 A meta-

analysis of patients with moderate CKD in the major DOAC trials

again showed the superiority of DOACs as a class compared with war-

farin overall with dabigatran 150 mg BID demonstrating the greatest

efficacy, and apixaban and edoxaban demonstrating reductions in

major bleeding compared with warfarin.36

In summary, DOACs have been shown to be at least noninferior,

if not superior, to warfarin in large clinical trials as well as meta-ana-

lyses, with these results confirmed in several studies of patients with

mild and moderate CKD.

2.2 | Severe CKD (GFR 15-29 mL/min/1.73 m2)

In patients with severe CKD, guidelines favor warfarin, or lack specific

recommendations. The AHA/ACC/HRS guidelines note that reduced

dosing of DOACs may be considered, but are lacking information on

safety and efficacy (class IIb, LOE C), and thus recommend warfarin as

the anticoagulant of choice.9 The CCS guidelines recommend warfarin

rather than DOACs for patients with eGFR of 15 to 30 mL/min.17 The

ESC guidelines note that anticoagulation can safely be given for mod-

erate to severe CKD, but do not make specific mention of DOACs

(Table 1).16

Data for patients with severe CKD receiving warfarin is limited,

but appears to favor its use. Warfarin had lower risk for a composite

of death, ischemic stroke or TIA without an increased risk of bleeding

compared to nonuse in 532 patients with eGFR <30 mL/min/1.73

m2.22 As mentioned earlier, lower risk of a composite of death, read-

mission due to MI or ischemic stroke was demonstrated across each

CKD category without higher risk of bleeding, including the 8.1%

(n = 1966) of patients with CrCl of 15 to 30 mL/min, in the Carrero

study which included patients with a very high time in the therapeutic

range.20 Another study including 67 patients with severe CKD dem-

onstrated a much lower rate of thromboembolic stroke for patients

treated with warfarin compared with nonuse.21 As mentioned above,

the large Dahal meta-analysis demonstrated lower risk of ischemic

stroke and thromboembolism as well as mortality with warfarin, with-

out increased major bleeding in non-end-stage CKD patients.23

Evidence for the use of DOACs is limited, and dosing recommen-

dations are based on small pharmacologic studies which lack hard clin-

ical endpoints. RE-LY excluded patients with CrCl less than 30 mL/

min; however, prescribing recommendations allow for 75 mg twice

daily dosing for patients with CrCl 15 to 30 mL/min,24 based on phar-

macological modeling showing that 75 mg BID in patients with CrCl
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of 15 to 30 mL/min achieved similar plasma levels as 150 mg BID in

patients with CrCl greater than 30 mL/min.37 In ROCKET-AF, patients

with CrCl 15 to 30 mL/min were not studied, but FDA labeling indi-

cates that rivaroxaban 15 mg daily is expected to produce similar

effects as 20 mg daily in patients with normal renal function based on

pharmacodynamic study.38 Apixaban 2.5 mg twice a day is recom-

mended if patients have two of the following (age of at least 80 years,

body weight less than or equal to 60 kg, or serum creatinine of at

least 1.5 mg/dL), but patients with CrCl less than 25 mL/min were not

studied in ARISTOTLE.27

In summary, data for both warfarin and DOACs in severe CKD is

limited. However, studies of warfarin support its use, while studies of

DOACs are limited to pharmacologic modeling which lack clinical

endpoints.

2.3 | End-stage CKD (GFR < 15 mL/min/1.73 m2 or
dialysis)

In patients with ESRD, the AHA/ACC/HRS guidelines recommend

warfarin as the drug of choice, noting it is reasonable to prescribe it

with a class IIa recommendation (LOE B). The AHA/ACC/HRS guide-

lines do not recommend dabigatran or rivaroxaban because of lack of

evidence (class III recommendation, LOE C).9 The CCS guidelines state

they cannot recommend routine anticoagulation for dialysis patients

due to the lack of data.17 The ESC does not give a specific recommen-

dation, but notes that controlled studies for anticoagulation are

needed in dialysis patients (Table 1).16 Warfarin has been the standard

treatment for thromboembolism prevention related to atrial fibrillation

in this group, but studies on its efficacy have been conflicting.

2.3.1 | Studies supporting warfarin use

Positive studies supporting warfarin use in this population are gener-

ally observational and retrospective. An observational study which

included 132 patients with ESRD, 93 of whom were on dialysis, dem-

onstrated greatly reduced thromboembolic stroke risk with warfarin

compared with nonuse without increased risk of major bleeding.21 In

another large observational study of 1728 patients on renal replace-

ment therapy, warfarin was significantly associated with a lower risk

of all-cause death, with a nonsignificant trend toward reduced cardio-

vascular death and composite of death, stroke, thromboembolism, and

bleeding. This study took place in Denmark and included a high risk

population of hospitalized patients.4 In the previously mentioned

observational Swedish study, there was a lower risk of the aggregate

outcome in each CKD category without increased bleeding risk, but

only 2% (478) of patients had CrCl less than 15 mL/min, dialysis

patients were not subdivided, and international normalized ratio (INR)

control was very good.20 In 1324 patients on dialysis, warfarin was

associated with significantly increased 90-day and 6-year survival with

evidence for stronger early benefit, which the authors suggest is

because more time is required for side effects of warfarin to develop.

The results were influenced by age and history of stroke.39 A retro-

spective Danish study demonstrated a 56% decreased in stroke/death

risk among 901 hemodialysis (HD) patients with warfarin use.40 It has

been noted that the patients in this study were healthier than those in

other studies.41

An observational study of over 12 000 patients on hemodialysis

provides possible explanations for some of this positive data, and

demonstrates the limitations of these observational studies. The

study found that only 15% of patients initiated warfarin, with a

reduced risk of ischemic stroke among these 1838 patients in the

intention to treat analysis, but did not find a statistically significant

difference in the as treated analysis. In addition, almost 70% of the

patients discontinued warfarin within 1 year.42 This shows how

observational data may be subject to bias due to low initiation rates

and high discontinuation rates of warfarin, especially in intention to

treat analyses.

2.3.2 | Studies against warfarin use

In contrast to the relatively small number of studies supporting warfa-

rin use in ESRD, there are numerous studies which question its effi-

cacy. Of the 20 studies reviewed, 14 demonstrated lack of benefit or

even harm. The strongest evidence comes from large retrospective

studies41,43 and multiple meta-analyses.23,44,45

Three large meta-analyses, each including 13 to 20 studies and

37 000 to over 50 000 patients, failed to show benefit to the use of

warfarin among ESRD or dialysis patients in either thromboembolism

prevention or mortality reduction.23,44,45 They did, however, demon-

strate increased risk of either all-cause bleeding by 21%44 or major

bleeding by 30% to 35%.23,45 Of note, one of the studies did demon-

strate thromboembolism and mortality benefit without effect on

major bleeding among non-end-stage CKD patients, providing internal

validation for their methodology.23 A meta-analysis with over 9000

patients actually demonstrated increased risk of stroke with warfarin,

driven by a more than 2-fold increased hemorrhagic stroke risk, in

addition to increased bleeding risk.46 Another study demonstrated

greater than 2-fold increased risk of stroke in patients 75 or older.47

Several other small studies between 2011 and 2016 demonstrated no

benefit in terms of mortality2,5,48–52 or stroke or thromboembolism

prevention.5,47–52

A large retrospective study in Canada, comparing over 1600

hemodialysis patients, and over 200 000 nondialysis patients demon-

strated that not only was warfarin not beneficial for stroke prevention

in patients on dialysis, but was also associated with a 44% increased

risk of bleeding. Warfarin was associated with lower stroke risk in

nondialysis patients, and elevated but lower bleeding risk in nondialy-

sis vs dialysis patients.41 Another retrospective cohort of over 1600

patients on hemodialysis actually demonstrated a 1.9-fold increased

risk of stroke.43 Several explanations have been proposed for the lack

of effectiveness of warfarin in ESRD including impaired hemostasis,

comorbidities, use of heparin during dialysis,41 accelerated vascular

calcification with warfarin in dialysis patients (including calciphylaxis),

decreased vitamin K-dependent inhibitors of calcification,1 and that

patients on dialysis tend to have lower times in the therapeutic

range.53

In summary, the majority of studies, including those with larger

populations, fail to show a benefit for warfarin use in ESRD patients,

and some studies even suggest harm due to increased bleeding risk as

well as increased stroke risk.
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2.3.3 | Dabigatran and rivaroxaban

Rivaroxaban is approximately 33% renally cleared (Figure 1),54 and not

eliminated by hemodialysis.55,56 A 10 mg dose of rivaroxaban has

been shown to produce similar drug levels in dialysis patients as a

20 mg dose in healthy volunteers.55 A 15 mg dose in dialysis patients

has also been shown to have similar pharmacokinetics and pharmaco-

dynamics as in people with moderate to severe renal impairment not

on dialysis.56 These pharmacologic studies raise the possibility of riv-

aroxaban's use in this population, but it has not been studied in terms

of stroke prevention, and one study raised concern for excess bleed-

ing and mortality risk in dialysis patients taking rivaroxaban compared

with warfarin.57 Dabigatran was also shown to increase risk of death

and bleeding in the same study, and has been shown to be effectively

removed by dialysis.58,59 As mentioned before, case reports of kidney

injury due to dabigatran should also be noted.25 Thus, dabigatran is

less likely to be of use in dialysis patients, and may be safe but more

patient level data is needed given concerns over bleeding risk.

2.3.4 | Apixaban

Apixaban is the least renally excreted of all the DOACs (estimated

25%, Figure 1).27 A recent review supported its use in dialysis patients

with reduced dosing of 2.5 mg twice daily.60 A small pharmacologic

study comparing eight patients with ESRD on dialysis and eight

patients with normal renal function demonstrated that 5 mg of apixa-

ban resulted in only a small increase in apixaban exposure when off

hemodialysis (compared with normal patients) and was minimally

removed by hemodialysis, suggesting that apixaban can be used in

ESRD patients on dialysis.61 However, a case report of gastrointestinal

bleeding in a single patient with ESRD on HD on apixaban 2.5 mg BID

advised caution as the patient had elevated apixaban levels.62 As men-

tioned above, patients with ESRD on warfarin are at increased risk for

vascular calcification. A study of 20 patients with ESRD on dialysis

and calciphylaxis demonstrated the successful use of apixaban as an

alternative, with improvement in calciphylaxis, lower mortality than

published rates for calciphylaxis, and no thrombosis.63

A few recent studies have sought primarily to evaluate the safety

of apixaban in real patients with ESRD. A retrospective study of

146 patients (40 patients with ESRD on dialysis) on apixaban or war-

farin demonstrated a nonsignificant decrease in major bleeding, the

primary outcome, and similar stroke outcomes, suggesting that apixa-

ban may be safe in these patients. However, the study grouped

patients with severe renal impairment, ESRD not on dialysis and ESRD

on dialysis together, and was not restricted to AF patients.64 Another

recent study compared 74 dialysis patients on apixaban to 50 dialysis

patients on warfarin, and demonstrated a lower incidence of overall

bleeding with apixaban. However, the primary outcome was bleeding,

most patients on apixaban did not have AF, and there were no ische-

mic strokes during the study, making conclusions about efficacy diffi-

cult.65 Finally, a recent large retrospective study of AF and ESRD

patients using a national dialysis database, including 2351 patients on

apixaban, and 23 172 patients on warfarin, found no difference in

stroke or systemic embolism overall, but lower risk of major bleeding

with apixaban compared with warfarin. Patients on apixaban 5 mg

twice daily were found to have a lower risk of stroke or systemic

embolism and death compared with warfarin and reduced dose apixa-

ban. This study was the first to assess the efficacy of apixaban in

ESRD patients with AF specifically.66 Apixaban appears to be safe in

dialysis patients, with recent data also supporting its efficacy, but

more prospective data is needed.

3 | ALTERNATIVES TO ANTICOAGULATION

Although outside the scope of this review, it is important to note

alternatives to anticoagulation for patients with AF and CKD who can-

not tolerate anticoagulation. In particular, left atrial appendage closure

has been developed as a viable alternative to anticoagulation.60 A

recent observational study of AF patients demonstrated similar safety

and efficacy of left atrial appendage closure in CKD patients com-

pared with non-CKD patients.67

FIGURE 1 Degree of renal clearance of direct oral anticoagulants

(DOACs)

TABLE 3 Summary of evidence for warfarin and DOACs in AF by CKD stage

CKD stage Warfarin DOACs

Mild to moderate
Stages 2-3 (eGFR 30-90 mL/min/1.73 m2)

Primarily observational data supporting
use

High quality data support use, may be superior to warfarin

Severe
Stage 4 (eGFR 15-29 mL/min/1.73 m2)

Limited data supports use Pharmacologic studies allow for use with dose reductions,
lack patient data

End stage renal disease
Stage 5 (eGFR <15 mL/min/1.73 m2 or on

hemodialysis)

Majority of studies suggest lack of
benefit and possible harm

Dabigatran removed by dialysis
Rivaroxaban has safe drug levels based on modeling, but lacks

patient data
Apixaban safe and effective based on modeling and

retrospective data, prospective data needed

Abbreviations: AF, atrial fibrillation; CKD, chronic kidney disease; DOAC, direct oral anticoagulant; eGFR, estimated glomerular filtration rate.
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4 | CONCLUSIONS/FUTURE DIRECTIONS

The combination of AF and CKD poses a therapeutic dilemma given

increased risks of both thromboembolism and bleeding. With the

introduction of DOACs, the therapeutic options have increased, and

can be chosen based on degree of CKD (Table 3). For mild to moder-

ate CKD, warfarin and DOACs are both options, with DOACs demon-

strating better efficacy and safety. In severe CKD, limited data has

shown warfarin to be effective. There are FDA-approved dose reduc-

tions for DOACs which are based on pharmacologic studies, but they

lack clinical patient data. In ESRD and dialysis patients, the preponder-

ance of evidence suggests a lack of benefit to warfarin with an

increased risk of bleeding. There is limited data on DOACs, but recent

retrospective studies of apixaban support both its safety and efficacy.

Further study is needed for ESRD and dialysis patients in the form of

well designed, prospective, controlled studies to settle the questions

regarding efficacy, and safety of both warfarin and apixaban.
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