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SUPPLEMENTARY MATERIAL 
 
 

Stroke Prevention in Nonvalvular Atrial Fibrillation in Patients with Chronic 
Kidney Disease 

 
Identifying Comorbid Chronic Kidney Disease 
 
Chronic kidney disease (CKD) commonly afflicts patients with atrial fibrillation (AF)1-3, 

and can influence drug metabolism4, rates of bleeding5 and rates of stroke6. 

Management of patients with AF depends on accurate assessments of renal function 

and knowledge of comorbid CKD in order to make safe and effective therapeutic 

choices. The diagnosis of CKD is a function of glomerular filtration rate (GFR) indexed 

for body surface area7, which can be estimated by calibrated serum creatine 

measurement and estimating equations8. Serum creatinine measurements alone, 

without concomitant estimates of GFR, do not accurately identify chronic kidney 

disease8. The Cockcroft-Gault, Modification of Diet in Renal Disease, and Chronic 

Kidney Disease Epidemiology Collaboration equations are examples of equations to 

predict GFR based on serum creatinine that have been validated9. While these 

equations are not as accurate as direct measurements of GFR, such as with I125-

iothalamate10, they are sufficiently accurate for clinical use9 and can be routinely 

implemented and reported by clinical laboratories. The Kidney Disease: Improving 

Global Outcomes group has recommended “Estimated GFR should be reported 

automatically using an equation based on serum creatinine following assay calibration 

and patient variables.8” 

 

CKD and Risk of Stroke 
 
Observational data suggests that chronic kidney disease may modify risk for stroke in 

the context of nonvalvular AF. With respect to stroke risk, multiple studies have found 

that chronic kidney disease is associated with higher rates of stroke in dialysis patients11, 

12 and patients with even mildly reduced renal function6, 13. In a recent post-hoc analysis 

of the SPAF III trials, the presence Stage 3 CKD was associated with hazard of 2.0 (95% 

CI 1.2, 3.3) for ischemic stroke or systemic embolism compared with subjects with 
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normal renal function14. Though several studies suggest an association between CKD 

and increased risk for stroke, not all studies have found this relationship in patients on 

dialysis15, 16 or patients with CKD in general17.  There are no validated clinical tools to 

predict stroke risk in patients with chronic kidney disease. Neither CHADS2
18 nor 

CHA2DS2-VASc19 includes chronic kidney disease as a predictor variable, though one 

small cohort study has shown that the CHADS2 variables are associated with increased 

risk of stroke in patients receiving dialysis20. Though at least one author has proposed a 

modification of the CHA2DS2-VASc score to include chronic kidney disease, this 

approach has not been prospectively validated21. 

 

CKD and Risk of Hemorrhage 
 

Severe chronic kidney disease is also associated with higher rates of bleeding 

complications22, including hemorrhagic stroke17, 23 and GI bleeding24. For example, the 

cohort from which the ATRIA score to predict warfarin-associated bleeding was derived 

showed an increasing hazard for major hemorrhage as renal function declines, from HR 

1.8 (1.4-2.3) for serum creatinine > 1.2 mg/dl to HR 4.8 (3.4-6.6) for serum creatinine > 

2.0 mg/dl, and the score includes severe renal disease with glomerular filtration rate 

(GFR) < 30 ml/min as a predictor variable for major hemorrhage25.  Similar tools to 

predict warfarin associated major bleeding, including the OBRI26, HEMORR2HAGES27, a 

score derived from the REITE registry28, and HAS-BLED29 all include abnormal renal 

function as a variable associated with increased risk for warfarin-related major 

hemorrhage. Though it is clear that chronic kidney disease is associated with increased 

risk for hemorrhage on therapy to prevent stroke in AF, significant challenges remain for 

making therapeutic decisions. These tools do not predict bleeding risks both on and off 

oral anticoagulants24, have not been validated in cohorts with severe chronic kidney 

disease including patients on dialysis, and do not assess bleeding risk associated with 

oral anticoagulants other than warfarin. The risk of warfarin-associated calciphylaxis in 

patients on dialysis is also not included30. In addition, it is not clear how to balance the 

utility of preventing a stroke versus preventing a major bleed. Though some authors 

have attempted to assess net clinical benefit as the rate stroke or systemic embolism 

less the rate of intracranial hemorrhage (unweighted31 or weighted by a factor of 1.532), 

there are no clinical prediction tools that estimate net clinical benefit, however defined, 

for patients with AF generally, let alone those with concomitant CKD. 
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CKD and Anticoagulants: Pharmacology and Outcomes in Mild to Moderate CKD 
 
Warfarin: Warfarin, a Vitamin K inhibitor, is minimally (<1%) excreted in the urine and 

largely metabolized by the liver4. Despite minimal renal excretion, CKD is associated 

with lower dose requirements, a higher risk for over-anticoagulation, and higher risk for 

hemorrhage, suggesting that warfarin therapy should be initiated at lower doses and 

monitored more frequently in patients with moderate or severe CKD33, 34. No strategy of 

dose reduction in CKD has been studied in randomized trials, but a post hoc analysis of 

the SPAFIII trials suggested that oral anticoagulation with warfarin is safe and effective 

for patients with mild to moderate CKD (GFR > 30 ml/min)14.  

Dabigatran: Dabigatran is an oral direct thrombin inhibitor that is largely excreted by the 

kidneys35, and the area under the plasma concentration-time curve after a dose of 

dabigatran increases significantly with corresponding decreases in renal function36. In 

the RE-LY trial, doses of 110 mg po bid and 150 mg po bid were compared with dose 

adjusted warfarin in patients with AF; all patients had GFR > 30 ml/min37. Dabigatran 

110mg po bid was associated with rates of stroke and systemic embolism that were 

similar to those of warfarin with lower rates of major hemorrhage, while dabigatran 

150mg po bid was associated with lower rates of stroke and systemic embolism but 

similar rates of major hemorrhage37. Net clinical benefit for the subgroup of patients with 

GFR < 50 ml/min was not reported in the RE-LY manuscript, but the reported rates of 

stroke or systemic embolism were lower with the 150mg bid dose (1.52%/year) versus 

the 110 mg bid dose (2.15%/year)37. Though pharmacokinetic studies provide a rationale 

for dose reduction of dabigatran in moderate CKD36, and though a similar approach has 

been demonstrated to be safe in the context of orthopedic surgery38, currently published 

data do not clearly show that dabigatran 110mg bid is superior to dabigatran 150mg bid 

in patients with moderate CKD (GFR > 30 ml/min). Simulation-based modeling studies 

using data from RE-LY suggest that a dose of dabigatran 75mg po bid might be safe for 

patients with GFR < 30 ml/min and > 15 ml/min39-41, and though this has not been 

prospectively confirmed in a cohort of patients with CKD and AF, this dose has been 

incorporated into the prescribing information recommended by the United States Food 

and Drug Administration41.  

Rivaroxaban: Rivaroxaban is an oral Factor Xa inhibitor that is predominantly renally 

excreted42. The area under the plasma concentration-time curve after a dose of 
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rivaroxaban increases with corresponding decreases in renal function, though only 

moderately even in severe CKD43. In the ROCKET trial, rivaroxaban 20 mg/day 

(15mg/day for those with GFR 30-49 ml/min) was compared with dose adjusted warfarin; 

rivaroxaban was non-inferior to warfarin both in terms of stroke or systemic embolism as 

well as the risk of major bleeding, a result consistent for those with and without CKD44. 

The dose reduction of 15 mg/day in the 2950 patients with moderate CKD (GFR 30-49 

ml/min) compared with 20 mg/day in patients mild CKD or normal renal function (GFR > 

50 ml/min) yielded overall results in terms of safety and efficacy that were consistent 

with the overall trial45. To date, there are no published studies that support a rivaroxaban 

dose in severe CKD (GFR < 30 ml/min). 

Apixaban: Apixaban is an oral Factor Xa inhibitor, but unlike rivaroxaban, apixaban is 

only approximately 25% renally excreted46. In the ARISTOTLE trial, apixaban 5mg po 

bid was compared to dose adjusted warfarin; apixaban was superior to warfarin for both 

efficacy (stroke and systemic embolism), safety (major hemorrhage), and was also 

associated with a mortality benefit47. The results were similar in the subgroups with and 

without CKD. In ARISTOTLE, 1.5% of subjects (n=137 apixaban, n=133 warfarin) had 

GFR 25-29 ml/min, but the results of these patients were not reported as a distinct 

subgroup in the manuscript. To date, there are no published studies that support an 

apixaban dose in severe CKD with GFR < 25 ml/min.  

 

CKD and Anticoagulants: Outcome Data in Severe CKD 
 

Clinical Trials: Clinical trials of antiplatelet agents or oral anticoagulation have not 

systematically studied patients with severe chronic kidney disease (GFR < 30 ml/min, 

Supplemental Table S1)48. Most clinical trial manuscripts either do not mention renal 

function or excluded patients with GFR < 30m ml/min. The most inclusive trial, 

ARISTOTLE47 (apixaban vs. warfarin), excluded patients with GFR < 25 ml/min and had 

very few patients (1.5%, n=137 apixaban and n=133 warfarin) with GFR 25-29 ml/min), 

and the results of these patients were not reported as a distinct subgroup. RE-LY37 

(dabigatran vs. warfarin) and ROCKET44 (rivaroxaban vs. warfarin) both excluded 

patients with GFR < 30 ml/min. The post-hoc analysis of the SPAFIII trials included 805 

subjects with Stage 3 CKD (30 < GFR < 60 ml/min/1.73m2), but did not include any 

patients with lower GFR14. Thus, though there are data from randomized trials to support 

oral anticoagulation in patients with mild to moderate CKD, there are essentially no 
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randomized controlled trial data on which to base decisions for stroke prevention in AF 

for those with severe CKD (GFR < 30 ml/min).  

Observational Studies: Observational studies of oral anticoagulation with warfarin for 

stroke prevention in AF in patients with CKD are not consistent. A small cohort study 

linked warfarin use at baseline with improved survival in dialysis patients that 

subsequently developed AF, but the evaluated cohort was small (123 patients 

hospitalized with AF) and very few were exposed to warfarin49. An observational study of 

399 patients with CKD and AF, including 93 patients on dialysis and 132 with an 

estimated GFR of < 15 ml/min/1.73m2, identified a significantly lower rate of stroke in 

patients treated with warfarin versus no warfarin with no significant increase in 

hemorrhage50.  Two other small observational studies did not identify a difference in 

outcomes between dialysis patients with AF treated with warfarin and those not treated15, 

22. Though interactions between subgroups and efficacy of pharmacologic therapy are 

rare, other reports suggest that therapies for stroke prevention in AF are associated with 

harm in patients on dialysis. In a study of 2188 dialysis patients, warfarin use was 

associated with increased risk of stroke, especially in those older than 75 (HR 2.17, 

1.04-4.53)12. A similar study in a cohort of 1671 dialysis patients found a similarly 

increased rate of both ischemic and hemorrhagic stroke51. In addition, a large 

retrospective cohort study evaluated 41,425 patients with incident hemodialysis but not 

necessarily AF, and found that warfarin (HR 1.27; 1.18-1.37), clopidogrel (HR 1.24; 1.13-

1.35) and ASA (HR 1.06; 1.01-1.11) were all associated with increased mortality52. 

Though these findings are derived from observational studies that may be prone to 

confounding and bias, they are a source for concern and highlight an urgent need for 

randomized controlled trials of pharmacotherapy for stroke prevention in AF for patients 

with severe chronic kidney disease. These observational data have led the Kidney 

Disease: Improving Global Outcomes authors to write that, pending further data, routine 

anticoagulation of patients on dialysis with AF “for primary prevention of stroke is not 

indicated.53” 
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Supplemental Table S1. Renal function related exclusion criteria for trials of 
agents for stroke prevention in AF 

Trial N Treatments Tested Exclusion Criteria 
    

BAATAF54 420  Warfarin (INR 1.2-1.5) 
vs. either ASA or 

placebo 

Renal function not 
explicitly mentioned in 

manuscript* 
CAFA55 378 Warfarin (INR 2-3) vs. 

placebo 
Renal function not 

explicitly mentioned in 
manuscript* 

SPINAF56 525 Warfarin (INR 1.2-1.5) 
vs. placebo 

Renal function not 
explicitly mentioned in 

manuscript* 
AFASAK57 1007 Warfarin (INR 2.8-4.2) 

vs. ASA 75mg vs. 
placebo 

Renal function not 
explicitly mentioned in 

manuscript* 
SPAF58 1330 Warfarin (INR 2.0-4.5) 

or ASA 325 vs. placebo 
Serum Cr > 3.0 mg/dl 

(265.2 µmol/l), but 
renal function not in 

baseline patient 
characteristics 

EAFT59 1007 Warfarin (2.5-4.0) vs. 
ASA 300mg vs. placebo 

Renal function not 
explicitly mentioned in 

manuscript* 
SPAF II60 1100 Warfarin (INR 2.0-4.5) 

vs. ASA 325mg 
Renal function not 

explicitly mentioned in 
manuscript* 

SPAF III61 1044 Warfarin (INR 2.0-3.0) 
versus Warfarin (1.2-
1.5) plus ASA 325mg 

Renal function not 
explicitly mentioned in 

manuscript* 
SPAF III Post-hoc 

Analysis14 
805 Warfarin (INR 2.0-3.0) 

versus Warfarin (1.2-
1.5) plus ASA 325mg 

Subjects had Stage 3 
CKD (GFR 30-59 

ml/min); others were 
excluded 

SIFA62 916 Warfarin (INR 2.0-3.5) 
versus indobufen 100-

200mg 

“severe renal function“ 
excluded – CrCl cutoff 
not in the manuscript, 
and renal function not 

in baseline patient 
characteristics 

ESPS II63 429 ASA 50mg vs. 
dipyridamole 400mg vs. 
ASA+dipyridamole vs. 

placebo 

Renal function not 
explicitly mentioned in 

manuscript* 

AFASAK II64 677 Warfarin (INR 2.0-3.0) 
vs. warfarin 1.25 mg vs. 

ASA 300mg vs. 
warfarin-1.25mg+ASA-

300mg 

Renal function not 
explicitly mentioned in 

manuscript* 

MWNAF65 303 Warfarin (INR 2.0-3.0) 
vs. warfarin 1.25mg 

Serum Cr > 3.0 mg/dl 
(265.2 µmol/l), but 

renal function not in 
baseline patient 
characteristics 

PATAF66 729 Warfarin (INR 2.5-3.5) “severe…renal 



7 
 

vs. warfarin (INR 1.1-
1.6) vs. ASA 150 mg 

disease” excluded – 
CrCl cutoff not in the 
manuscript, and renal 

function not in baseline 
patient characteristics 

LASAF67 285 ASA 125mg daily vs. 
ASA 125mg every other 

day vs. placebo 

Renal function not 
explicitly mentioned in 

manuscript* 
JNAFESP68 115 Fluindione vs. 

Fluindione+ASA-100mg 
Renal function not 

explicitly mentioned in 
manuscript* 

SAFT69 668 Warfarin-1.25mg+ASA-
75mg vs. placebo 

Serum Cr > 200 µmol/l, 
but renal function not 

in baseline patient 
characteristics 

JAST70 871 ASA 150-200mg vs. no 
therapy 

Renal function not 
explicitly mentioned in 

manuscript* 
Vemmos et al71 45 Warfarin (INR 1.6-2.5) 

vs. warfarin 1mg vs. 
ASA 100mg 

Renal function not 
explicitly mentioned in 

manuscript* 
Chinese ATAFS72 704 Warfarin (INR 2.0-3.0) 

vs. ASA 150-160mg 
Renal function not 

explicitly mentioned in 
manuscript* 

WASPO73 75 Warfarin (INR 2.0-3.0) 
vs. ASA 300 mg 

Renal function not 
explicitly mentioned in 

manuscript* 
ACTIVE-W74 6706 Warfarin (INR 2.0-3.0) 

vs. clopidogrel 75mg 
plus ASA 75-100mg 

Renal function not 
explicitly mentioned in 

manuscript* 
PETRO75 502 Warfarin (INR 2.0-3.0)  

vs. dabigatran 300 mg 
bid vs. dabigatran 

150mg bid vs. 
dabigatran 50 mg bid 

Severe renal 
impairment (GFR < 30 

ml/min) 

RELY37 18113 Warfarin (INR 2.0-3.0) 
vs. dabigatran 150mg 

bid vs. dabigatran 
110mg bid 

Severe renal 
impairment (GFR < 30 

ml/min) 

ARISTOTLE47 18201 Warfarin (2.0-3.0) vs. 
apixaban 5mg bid 

Severe renal 
insufficiency (serum 

creatinine > 221 µmol/l 
or GFR < 25 ml/min) 

ROCKET44 14264 Warfarin (INR 2.0-3.0) 
vs. rivaroxaban 20mg 
(15mg for GRF 30-49 

ml/min) 

Severe renal 
impairment (GFR < 30 

ml/min) 

 
* Trials commonly list medical contraindication to anticoagulation as an exclusion criterion – 
possibly chronic kidney disease was considered that, but this is not explicit in the manuscript. 
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