
Introduction

Chronic kidney disease (CKD), defined by the pres-
ence of either reduced estimated glomerular filtra-
tion rate (eGFR) and/or albuminuria/proteinuria,1 
affects currently about 30 million patients in the 
US.2 Upon these, more than 530,000 CKD patients 
suffer from end-stage renal disease (ESRD) requir-
ing renal replacement therapy, over 370,000 receive 
chronic dialysis.2 As the population ages, the inci-
dence for CKD and its risk factors, such as hyper-
tension and diabetes mellitus, and the prevalence 
for CKD, ESRD, and its concomitant diseases will 
further increase3 and become a global challenge.4 
Despite this unfavorable epidemiological develop-
ment, data about associated risks and treatment 
strategies in CKD are limited yet and left many 
open issues. This concerns especially the most com-
mon arrhythmia in CKD which is atrial fibrillation.

Cardiovascular Events and CKD

It is well known that patients with CKD are 
more prone to develop coronary heart disease, 
chronic heart failure, peripheral artery dis-
ease, and venous thromboembolism indepen-
dent of other risk factors.5-8 CKD is also a key 
risk factor for cardiocerebrovascular events as 
stroke, and is associated with other important 
stroke risk factors such as diabetes mellitus, 
myocardial hypertrophy, hypertension - and 
atrial fibrillation.9 Other key players which are 
altered by CKD, such as the renin-angioten-
sin-aldosterone system and sympathetic ac-
tivation, have also been found to trigger AF.8 

Atrial Fibrillation

In general, the prevalence of AF increases with 
age: whereas about 0.4 - 2.0% in the general pop-
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ulation suffer from atrial fibrillation, the preva-
lence rises up to 15% in patients over 80 years.10,11 
Regarding solely hemodialysis patients, the prev-
alence of AF is significantly higher: thus, possibly 
7% up to 27% of ESRD patients suffer from AF 12-17 
(Figure 1).

One recent epidemiological study with 26,917 US 
patients who were categorized by renal function 
demonstrated that CKD, regardless of its stage, 
was associated with a higher risk for AF: the 
prevalence for AF in patients with CKD stage 1 to 
2 (eGFR ≥ 60 ml/min/1.73 m2 with albuminuria), 
CKD stages 3 (eGFR 30 to 59 ml/min/1.73 m2) and 
CKD stage 4 to 5 (eGFR < 30 ml/min/1.73 m2) was 
2.8%, 2.7 % and 4.2%, respectively, compared to 
only 1.0% in patients without CKD.18

Soliman et al.19 reported a prevalence for AF of 
more than 25% in CKD patients 70 years and 
older, but found no association of the devel-
opment of AF with hypertension or diabetes.
Another retrospective study with 1,010 consecu-
tive CKD patients from two community-based hos-
pitals found also a much higher prevalence for AF 

even at mild renal impairment: 17.9% of patients 
with CKD stage 2 (eGFR 60 to 89 ml/min/1.73 
m2), 25.2 % of CKD stage 3 patients (eGFR 30 to 
59 ml/min/1.73 m2) and 20.8% of CKD stage 4 pa-
tients (eGFR 15 to 29 ml/min/1.73 m2) had AF.20

Interestingly, CKD appears to increase the risk of 
new onset of AF as well as AF increases the risk 
of developing renal disease. This bidirectional 
association was described for a large prospective 
community-based observational cohort study of 
235,818 individuals in Japan. Therein, the hazard 
ratio for the development of AF were 1.32 for pa-
tients with eGFR of 30 to 59 ml/min/1.73m2, and 
1.57 for patients with eGFR <30 ml/min/1.73m2 
compared to patients with an eGFR>60 ml/
min/1.73m2. Vice versa, in patients with atrial 
fibrillation at entry, the hazard ratio for the de-
velopment of kidney dysfunction was 1.77. Inter-
estingly, both associations remained significant 
independent of any existence or treatment of the 
concomitant comorbidities hypertension or dia-
betes mellitus.21 The bidirectional

association between CKD and AF cannot simply 

Figure 1: Prevalence of atrial fibrillation is shown in the general population, and in patients with different stages of chronic 
kidney disease (CKD) including end-stage renal disease (ESRD). In some studies, different stages are pooled together which is 
indicated by wider srectangles above the CKD stages.
CKD stage 1: eGFR ≥ 90 ml/min/1.73m2; CKD stage 2: eGFR 60-89 ml/min/1.73m2; CKD stage 3: eGFR 30-59 ml/min/1.73m2; 
CKD stage 4: eGFR 15-29 ml/min/1.73m2; CKD stage 5: eGFR <15 ml/min/1.73m2
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be explained by increased mechanical stress in the 
atrium as a result of hypertension and high atrial 
pressure. There have to be other pathophysiologic 
processes which play a role in the development and 
perpetuation of both CKD and AF, e.g. inflammato-
ry processes, and the renin-angiotensin-aldosteron 
system activation.

Thromboembolic Risk

Patients with AF have an increased risk for throm-
boembolism and therefore for transient ischemic 
attacks as well as ischemic strokes. Blood stasis 
in the left atrium and its appendage, endothelial 
injury of the vessel wall, and hypercoagulation, 
known as Virchow’s triad, contribute to thrombo-
genesis and the risk for thromboembolism.22 Pa-
tients with renal impairment but with no AF are 
also at increased risk for thromboembolic events 
because of altered hemostasis, atherosclerosis and 
endothelial damage, altered protein C metabolism, 
increased levels of lipoprotein(a) and therefore in-
hibition of plasmin, as well as defects in the expres-
sion of glycoprotein GPIb.9, 23 Therefore, patients 
with AF and CKD are even more at advanced risk 
for stroke, and treatment with oral anticoagula-
tion represents an important therapeutic option.

Stroke 

Stroke is the major complication in patients with 
AF, and especially in CKD, too. Its incidence in-
creases as kidney function declines. A Japanese 
community-based longitudinal observational study 
with 1,977 individuals showed that the hazard ra-
tio for first symptomatic stroke was 1.9 for patients 
with creatinine clearance (CrCl) between 40 and 70 
ml/min and 3.1 for patients with CrCl < 40 ml/min 
compared to patients with CrCl > 70 ml/min/[24].
The US Renal Data System report the stroke inci-
dence to be 15.1 % in hemodialysis patients and 9.6 
% in patients with less severe CKD compared to 
2.6% in patients without CKD.25

The association of CKD with increasing risk of 
stroke was also proven by another Japanese study 
of 11.780 individuals. In patients with normal eGFR 
(≥ 90 ml/min) stroke occurred in 4.3% of men and 
2.4% of women, whereas in patients with CKD, 
characterized by an eGFR < 60 ml/min, 13.1% of 
men and 7.6% of women experienced a stroke 
event. Men had a higher risk of hemorrhagic stroke 

and women of ischemic stroke. Furthermore, 
regular alcohol consumption markedly in-
creased the rate of hemorrhagic stroke both in 
men and in women with CKD (5.3% and 6.1%, 
respectively) compared to never-drinkers with 
CKD (0.7% and 1.7%, respectively) and never-
drinker without CKD (1.1% and 1.5%, respec-
tively.26 This is an important finding, since the 
amount of consumed alcohol was substantially 
lower than the current recommendation sug-
gests for cardiocerebrovascular protection. 
Thus, in patients with CKD, mild to moder-
ate alcohol consumption was associated with a 
higher risk for hemorrhagic stroke, at least in 
the Asian population. A strict alcohol prohibi-
tion for Asian patients with eGFR < 60ml/min 
might reduce the rate of hemorrhagic stroke.27

Whether CKD independently increases the risk 
for ischemic stroke in patients with AF was in-
vestigated by Go et al. in the ATRIA study.28 
None of the included patients was treated with 
anticoagulation. With decreasing eGFR a grad-
ed, increased risk of stroke was proven: after 
adjustment for known risk factors for stroke, 
the hazard ratio was 1.16 for patients with eGFR 
between 45 and 59 ml/min/1.73m2, and 1.39 for 
patients with eGFR < 45 ml/min/1.73m2 com-
pared to patients with eGFR ≥ 60 ml/min/1.73m2.

In a meta-analysis of 21 articles, the relative risk 
for incident stroke was 1.43 (95% CI 1.31-1.57, 
P<0.001) among patients with an eGFR < 60 ml/
min/1.73 m2 compared to patients with normal 
baseline eGFR.29

Vazques et al.30 described a 9.8 fold increased 
risk for ischemic stroke in hemodialysis pa-
tients suffering from AF compared to hemodi-
alysis patients who maintained sinus rhythm.
In the Rotterdam study,31 risk of hemor-
rhagic stroke was elevated with decreas-
ing GFR, but not the risk of ischemic stroke.

In contrast, an Italian study with 476 hemodialysis 
patients did not find any significant differences 
in stroke rates regardless of AF or sinus rhythm.32

Differences in the various study results may be 
explained by different ages of the studied popu-
lation, different length of follow-up, differences 
in the type and documentation of detected AF 
and anticoagulation treatment.23
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Mortality

The direct impact of atrial fibrillation on 
the mortality rate of CKD patients is diffi-
cult to assess since there is a strong associa-
tion between AF with structural heart disease.9

In CKD patients, the risk of death increases 
as renal function declines.5, 6 In the large Kai-
ser Permanente Renal Registry, the adjusted 
hazard ratio for death was 1.2 fold higher in 
patients with eGFR between 45 and 59 ml/
min/1.73m2 compared to patients with eGFR 
>59 ml/min/1.73m2 and rose to a 5.9 fold in-

Study (year, design) Included CKD 
stages Number of patients Average follow-up Results

2001, retrospective study 
[47]

Hemodia lys i s 
patients	

430patients overall

61 (14.2%) with 
chronic AF

96 (22.3%) on war-
farin or aspirin for 
various reasons

Study covers a 22 
year period

Overall incidence for stroke in dialysis 
patients was 3.78/100 patient-years. In 
patients on antithrombotic therapy (aspi-
rin or warfarin) the overall rate of stroke 
was 8.33/100 patients-years compared to 
patients without antithrombotic therapy 
(2.6/100 patients-years, p=0.0002). Patients 
with AF and on warfarin or aspirin had a 
higher risk for stroke (4.46/100 patients-
years) than AF patients without anticoagu-
lation (1.0/100 patient-years).

2003, retrospective co-
hort study using data of 
USRDS DMMS Wave II 
[48]

Dialysis patients 3,374 patients overall
123 (3.6%) with 
newly diagnosed AF 
during follow-up

198 (5.9%) on war-
farin, 10 of those for 
AF treatment

2.92 ± 1.14 years Baseline use of warfarin was associated 
with a lower risk of mortality after hospi-
talization for AF.

2003, retrospective study 
[36]

Hemodialysis or 
peritoneal dialy-
sis patients 

240 patients overall

29 (12.1%) on cou-
marin derivatives 
(warfarin), 7 of them 
with AF

20 month for cou-
marin subgroup
21 month for 
non-coumarin 
subgroup

The relative risk for bleeding under 
coumarin was 2.36 (95% CI, 1.19-4.27) 
compared to the non-coumarin subgroup. 
The risk for bleeding in the coumarin sub-
group was mainly in the digestive tract, no 
bleeding event was fatal. 

2007, retrospective study 
using data from ANZDA-
TA [49]

Hemodia lys i s 
patients

155 patients overall

40 (25.8%) with AF, 
5 of them taking 
warfarin

11 (27.5%) on warfa-
rin, 5 of them for AF 
treatment

25.5 ± 8.4 months No statistical significant difference in the 
incidence of cerebrovascular events or 
major hemorrhage between
1. patients taking warfarin and patients off 
warfarin.
2. the AF and the non-AF subgroup.
Incidence of major hemorrhage was over 
three times that of cerebrovascular events 
in the whole population as well as in the 
AF and non-AF subgroup. 

2008, prospective multi-
center study [32]

Hemodia lys i s 
patients

476 patients overall

127 (26.7%) with 
preexisting AF

31 (24.4%) of the 
AF patients taking 
anticoagulation 
(warfarin)  at enroll-
ment

3 years No difference in stroke incidence in pa-
tients with AF compared to no-AF patients 
(15.4% vs. 12.4%, P=0.4)

Table 1: Studies of Warfarin in CKD and Dialysis Patients 

crease in patients with eGFR < 15 ml/min/1.73m2.6

Patients on hemodialysis suffering from AF 
were reported to have an annual mortality of 5% 
compared with only 2% in those without AF.33

One other longitudinal, single-center study with 
190 individuals reported a dramatically increased 
four-year mortality rate of 81% in patients with AF 
and ESRD compared to 29% in patients without AF.34

After a stroke, the cumulative two-year mortality 
rate for patients with CKD or ESRD is raised to 55% 
and 74%, respectively, whereas patients without 
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2009, retrospective study 
[41]

Hemodia lys i s 
patients

1,671 patients overall 
with preexisting AF

508 (30.4%) patients 
on warfarin only

239 (14.3%) patients 
on warfarin and 
either clopidogrel or 
aspirin

480 (28.7%) patients 
on no anticoagula-
tion or antiplatelet 
therapy

1.6 years (maxi-
mum 5 years)

Warfarin doubles the risk for stoke (HR = 
2.00; 95% CI 1.34-2.99, P = 0.001) compared 
to non-warfarin use. There was a positive 
relationship between increasing INR and 
increasing risk of stroke, which the highest 
risk for patients with no INR monitoring.

2009, observational retro-
spective study [37]

CKD stage 3
CKD stage 4
CKD stage 5
Hemodia lys i s 
patients

399 patients overall 
with AF

232 on warfarin, 167 
without warfarin

CKD stage 3: 115 
(50%) on warfarin; 
85 (51%) without 
warfarin

CKD stage 4: 39 
(17%) on warfarin, 
28 (17%) without 
warfarin

CKD stage 5: 78 
(34%) on warfarin, 
54 (32%) without 
warfarin

Hemodialysis: 51 
(22%) on warfarin, 
42 (25%) without 
warfarin

31 ± 34  months 
follow-up for 
patients on 
warfarin;
23 ± 30 months 
follow-up for 
patients without 
warfarin

Warfarin significantly reduced the inci-
dence of new thromboembolic stroke in all 
investigated CKD stages and hemodialysis 
patients (CKD stage 3: 10% on warfarin vs. 
20% without warfarin, P<0.05; CKD stage 
4. 5% vs. 21%, P<0.05; CKD stage 5: 10% 
vs. 37%, P<0.001; hemodialysis: 10% vs 
38%, P<0.005).

2010, retrospective study 
using data from DOPPS 
[42]

Hemodia lys i s 
patients

17,513 patients 
overall

2,188 patients with 
atrial fibrillation

350 (16%) of the 
AF patients taking 
warfarin

Not reported Warfarin use was associated with signifi-
cantly higher stroke risk in patients > 75 
yrs (HR = 2.17; 95% CI=1.04-4.53, P=0.04).

2011, prospective single-
center observational co-
hort study (INVOR)[46]

Incident dialysis 
patients

235 patients overall

12 (5.1%) patients 
with AF at start of 
dialysis

40 (17.0%) patients 
with newly diag-
nosed AF during 
follow-up

46 (19.6%) patients 
under warfarin treat-
ment, 30 (65.2%) of 
them for AF

2.84 years No stroke or fatal bleeding events oc-
curred in patients under sufficient oral 
anticoagulation. The mortality risk for 
AF patients on warfarin was slightly, but 
not significantly lower than for patients 
without AF and without anticoagulation 
therapy (reference group). AF patients 
with contraindication for warfarin had a 
significantly higher mortality risk com-
pared to the reference group (HR: 3.9, 95% 
CI=2.16-7.04, P<0.001)

USRDS DMMS indicates United States Renal Data System Dialysis Morbidity and Mortality Study; ANZDATA, Aus-
tralia and New Zealand Dialysis and Transplant Registry; DOPPS, Dialysis Outcomes and Practice Patterns Study; 
AF, atrial fibrillation; INVOR, Incident Dialysis Patients in Vorarlberg; HR, hazard ratio; CI, confidence interval;
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RE-LY [38] ROCKET AF [39] ARISTOTLE [40]

Drug Dabigatran etexilate	 Rivaroxaban Apixaban

Study design Phase 3, multicenter, prospective, 
open-label randomized trial: 
18,113 patients with AF and one 
additional risk factor for stroke

Phase 3, multicenter, double-blind, 
double-dummy randomized trial: 
14,264 patients with AF and elevated 
stroke risk

Phase 3, multicenter, double-
blind, double-dummy 
randomized trial:
18,201 patients with AF and 
at least one additional risk 
factor for stroke

Dosage 110 mg resp. 150 mg dabigatran 
etexilate twice daily versus warfa-
rin adjusted to an INR of 2.0 to 3.0

20 mg rivaroxaban per day resp. 
15 mg/day rivaroxaban for patients 
with CrCl 30-49 ml/min versus warfa-
rin adjusted to an INR of 2.0 to 3.0 

5 mg apixaban twice daily 
resp. 2.5 mg apixaban twice 
daily for patients with 
serum creatinine ≥ 1.5 mg/dl 
(approx. CrCl ≤ 50 ml/min) 
versus warfarin adjusted to 
an INR of 2.0 to 3.0

Antiplatelet agents Aspirin ≤100 mg per day
Clopidogrel
Ticlopidine
Dipyridamole
ASA/Dipyridamole

Aspirin ≤100 mg per day Aspirin ≤165 mg per day
Clopidogrel

Investigated CKD stages CrCl < 50 ml/min
CrCl 50 - 79 ml/min
CrCl ≥ 80 ml/min

CrCl 30 - 49ml/mg
CrCl ≥ 50ml/min

CrCl ≤ 30 ml/min
CrCl 30 - 50 ml/min
CrCl <50 – 80 ml/min
CrCl > 80 ml/min

Exclusion criteria with re-
gard to creatinine clearance

<30 ml/min <30 ml/min <25 ml/min

Study Outcomes
Primary efficacy outcome

Primary safety outcome

Secondary efficacy outcome

• Stroke 
• Systemic embolism
• Major hemorrhage
• Stroke
• Systemic embolism
• Death
• Myocardial infarction

• Composite of stroke and systemic 
embolism
• Composite of major and non-major 
clinically relevant bleeding events
• Composite of stroke, non-central 
nervous system systemic embolism, 
cardiovascular death, myocardial 
infarction

• Ischemic or hemorrhagic 
stroke
• Systemic embolism
• Major hemorrhage
• Death
• Myocardial infarction

Study Results
Primary efficacy outcome

Primary safety outcome

Secondary efficacy outcome

Dabigatran                      Warfarin
110 mg: 1.53%/yra         1.69%/yr
150 mg: 1.11%/yra,b

Dabigatran
110 mg: 2.71%/yra         Warfarin
150 mg: 3.11%/yr           3.36%/yr

Mortality Rate: 

Dabigatran                          Warfarin
110 mg: 3.75%/yr               4.13%/yr
150 mg: 3.64%/yr                        

 
 Rivaroxaban              Warfarin
 15 mg: 2.32%/yr        2.77%/yr
 20 mg: 1.57 %/yr        2.00%/yr
                                       
  Rivaroxaban                 Warfarin
15 mg: 17.82%/yr         18.28%/yr
20 mg: 14.24%/yr          13.67%/yr

Rivaroxaban                   Warfarin
15 mg: 5.58%/yr             6.54%/yr
20 mg: 3.55%/yr              4.16%/yr

Apixaban             Warfarin
1.27%/yra,b          1.60%/yr

Apixaban             Warfarin
2.13%/yr            3.09%/yr

Apixaban             Warfarin
3.52%/yr                3.94%/yr

Outcome with regard to 
CKD

No significant difference in the 
treatment effect could be observed 
in patients with renal impairment

Patients with moderate renal impair-
ment (CrCl <50ml/min) have higher 
rates of stroke and bleeding under 
both rivaroxaban and warfarin com-
pared to patients with normal renal 
function. No superiority or non-infe-
riority of rivaroxaben versus warfarin 
could be demonstrated for patients 
with CrCl 30-49 ml/min

Patients with moderate to se-
vere renal impairment (CrCl 
≤50 ml/min) showed an even 
greater reduction in major 
bleeding events under apixa-
ban compared to warfarin.

Table 2: Trials of oral anticoagulation in CKD

RE-LY: Randomized Evaluation of Long-Term Anticoagulation Therapy; 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; 
ARISTOTLE: Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation; INR:international 
normalized ratio; CrCl: creatinine clearance
Numbers in bold represent significant differences of the investigated medication compared to warfarin. a: for non-inferiority; 
b: for superiority
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Major risk factors Clinically relevant non-major risk factors

Prior stroke or TIA or thromboembolism Heart failure or moderate to severe LV dysfunction (LV EF ≤ 40%)

Age ≥ 75 years Hypertension

Mitral stenosis or prosthetic heart valves Diabetes mellitus
Female sex
Age 65-74 years
Vascular disease (prior myocardial infarction, peripheral artery 
disease, complex aortic plaque)

TIA: transient ischemic attack; LV: left ventricular; EF: ejection fraction

Outcomes with Oral Anticoagulation De-
pending on CKD Stage 

CKD stage 2 and 3 (eGFR between 90 and 29 ml/
min/1.73 m2): To our knowledge there are no 
studies investigating the risk for stroke under 
warfarin versus placebo or versus antiplatelet 
medication in patients with light to moderate re-
nal impairment and AF.

There is only one study which examines the in-
cidence of thromboembolic stroke in patients 
with all (including the above) stages of CKD and 
AF treated with or without warfarin37 (Table 1). 
Independent of CKD stage, therein thromboem-
bolic stroke occurred in 9% of patients treated 
with warfarin and 26% of patients without anti-
coagulation (P<0.001). The incidence of stoke in 
patients with CKD stage 2 and 3 under warfarin 
was half that of patients without warfarin (10% 
resp. 20%, P<0.05). Major bleeding was slightly 
but insignificantly increased in patients under 
warfarin treatment.
Three recent phase 3 studies compared new an-
ticoagulant drugs to warfarin concerning safety 
and efficacy (Table 2). In the RE-LY trial, the di-
rect thrombin inhibitor dabigatran was given at 
two different doses (110 mg and 150 mg) twice 
daily; AF patients with CrCl of at least 30 ml/
min were included. The lower dose was associ-
ated with comparable rates of stroke, systemic 
embolism, and major bleeding events to those 
under warfarin. The higher dabigatran dose was 
superior to warfarin in preventing stroke. Con-
cerning patients with CrCl < 50 ml/min, between 
50 and 79 ml/min, and ≥80 ml/min, there was no 
significant difference in the treatment benefit of 
the studied anticoagulants.38

Rivaroxaban, a novel factor Xa inhibitor, was 

Table 3: Major and clinically relevant non-major risk factors for stroke and thromboembolism in non-valvular AF [11]

CKD have a two-year mortality rate of 28%. Even 
after TIA, the cumulative two-year mortality rate 
for patients with CKD or ESRD is also significantly 
increased (41% and 62%; respectively) compared 
to patients with normal renal function (15%) .25

Major Bleeding

Patients with CKD and especially those with ESRD 
show an increased tendency for bleeding events 
especially from the gastrointestinal tract. Patho-
physiological processes include altered platelet 
function and von Willebrand factor, reduced intra-
cellular ADP and serotonin, enhanced intracellular 
cAMP and abnormal mobilization of platelet Ca2+ 
as well as abnormal platelet arachidonic acid me-
tabolism.9

Gastrointestinal bleeding occurs markedly more 
often and is associated with higher mortality in re-
nal patients: in ESRD patients, upper gastrointesti-
nal bleeding accounts for 3-7% of all deaths.23

The risk for bleeding especially when taking oral 
anticoagulation increases as the degree of CKD 
worsens. In an analysis of a prospective cohort 
of 578 CKD patients treated with warfarin, the 
risk of major hemorrhage in patients with severe 
CKD (eGFR <30 ml/min/1.73 kg/m2) was 2.4-fold 
higher than that of patients with milder CKD.35

With regard to atrial fibrillation, anticoagulation 
therapy is used to reduce the thrombotic risk. A 
small single-center report of ESRD patients with 
AF showed that the relative risk of bleeding for 
dialysis patients on oral anticoagulation was 2.36 
compared to the dialysis group not treated with 
anticoagulation; in contrast to the rate of 12.8 % 
with bleeding events in patients without antico-
agulation, none of the bleeding events in the oral 
anticoagulation group was fatal.36
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tested at two different doses depending on creati-
nine clearance against warfarin in the ROCKET-
AF study39 (Table 2). Patients with AF and CrCl 
≥ 30 ml/min were included. The efficacy results 
showed that slightly but not significantly less 
stroke and systemic embolism events occurred 
in the rivaroxaban groups than in the warfarin 
group. Compared to warfarin there was no excess 
bleeding on rivaroxaban.

In the ARISTOTELE trial, another direct factor 
Xa inhibitor, apixaban, was studied versus warfa-
rin in AF patients with CrCl of at least 25 ml/min 
40(Table 2). Apixaban was superior to warfarin in 
reducing stroke, systemic embolism events, and 
major hemorrhages. Especially patients with se-
vere or moderate renal impairment suffered from 
significantly less major bleedings under apixaban 
than under warfarin (apixaban group: 3.2% versus 
warfarin group: 6.4%; P=0.03 for interaction).

CKD stage 4 (eGFR between 15 and 29 ml/min/1.73 
m2): Only few trials with small numbers of CKD 
patients with eGFR between 15 and 29 ml/min/1.73 
m2 are available. Limdi et al.35 evaluated the influ-
ence of kidney function on warfarin dosage. With 
decreasing kidney function patients require signif-
icantly lower warfarin doses and are at higher risk 
for over-anticoagulation. Further, patients with 
severe CKD (eGFR < 30 ml/min/1.73m2) had a 2.4-
fold increased risk of major hemorrhage.

As mentioned above, a recent retrospective study 
with 399 patients with CKD stages 3, 4 and 5 and 
AF investigated the incidence of thromboembolic 
stroke under treatment with or without warfarin. 
The incidence of thromboembolic stroke in pa-
tients with CKD stage 4 was only about a fourth 
of those in patients without anticoagulation (5% 
versus 21%, P<0.05).37

CKD stage 5 = ESRD (eGFR <15 ml/min/1.73 m2): 
Since anticoagulation therapy in patients with 
CKD stage 4 must be weight out carefully, this ap-
plies certainly even more to patients with ESRD. 
Few studies so far have evaluated the safety of 
warfarin in patients with eGFR < 15 ml/min/1.73 
m2 with controversial results (Table 1).

Vazquez36 conducted a small observational study 
with 240 patients on hemodialysis, of whom 29 

had received oral anticoagulant warfarin deriva-
tives for a period of at least one month. Although 
the relative risk of bleeding with anticoagula-
tion was more than 2-fold enhanced, none of the 
bleeding incidences, mainly in the digestive tract, 
was fatal.

Recently, two retrospective studies of hemodi-
alysis patients with AF suggest that warfarin is 
associated with increased risk of stroke. In a ret-
rospective cohort analysis of 1,671 hemodialysis 
patients the use of warfarin increased the risk for 
new stroke by 1.93 compared with nonuse. Fur-
thermore, patients on warfarin who received no 
INR monitoring in the first 90 day had an even 
more advanced risk for stroke (hazard ration 
2.79). On the other hand, there was no statisti-
cally significant increase in all-cause mortality or 
hospitalization under warfarin use.41

Data from the Dialysis Outcomes and Practice 
Patterns Study (DOPPS),42 showed that warfarin 
given to hemodialysis patients with AF increased 
their stroke risk especially for elderly patients 
over 75 years (hazard ratio 2.17, 95% CI 1.04 – 
4.53).

Controversially, Lai37 reported a reduced stoke 
incidence in patients on warfarin compared to 
patients off warfarin: 10% of hemodialysis pa-
tients and 10% of patients with eGFR < 15 ml/
min/1.73 m2 under warfarin treatment experi-
enced a thromboembolic stroke versus 38% re-
spectively 37% of patients without warfarin.

A retrospective analysis of 5,858 ESRD patients 
examined the long–term survival after cardiac 
valve surgery.43 Patients received either mechani-
cal prosthetic valves requiring lifetime anticoag-
ulation or bio prosthetic valves with no medical 
need for subsequent anticoagulation. Although 
all dialysis patients had a poor long-term sur-
vival after cardiac surgery, there was no differ-
ence in the survival of the 4,944 patients with 
mechanical valves compared to that of the 848 
patients with tissue valves. This is remarkable, 
since patients receiving mechanical valves need 
permanent anticoagulation whereas most of the 
patients with tissue valves probably did not take 
anticoagulation although there are no data given 
in the study.
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Therapeutic Strategies

In general, oral anticoagulation is an effective 
therapy to prevent stroke in AF patients. Whether 
patients with impaired renal function benefit to 
the same extent from an anticoagulant therapy, is 
the issue of only few studies so far. The problem 
with anticoagulation in CKD patients is their also 
increased risk of bleeding due to altered hemosta-
sis. In consequence, with worsening kidney func-
tion, both the risk of stroke and the risk of bleeding 
events rise markedly.

To determine the risk of stroke in the general popu-
lation, several stroke risk stratification algorithms 
have been developed. The simplest and most com-
mon risk assessment scheme, the CHADS2-score, is 
based on a point system in which one point is as-
signed for recent cardiac failure, hypertension, age 
> 75 years, and diabetes and two points are assigned 
for history of stroke or transient ischemic attacks 
(TIA). In routine care of the general population, oral 
anticoagulation is recommended for patients with a 
CHADS2-score ≥2.11 Lately, the CHADS2-score has 
been modified to the CHA2DS2-VASc-score, giv-
ing two points to age > 75 years and an additional 
point for vascular disease, age 65-74 years, and fe-
male gender.44 Thus, more risk factors for stroke are 
considered in the CHA2DS2-VASc-score. Again, oral 
anticoagulation is recommended for patients with a 
CHA2DS2-VASc-score of two or greater.45

In CKD and especially in ESRD, affected patients 
suffer from a prothrombotic state which is the re-
sult of a high risk for thromboembolism and a co-
agulopathy with an increased tendency for bleed-
ing.9 The management of chronic hemodialysis 
patients with AF is therefore difficult, and so far 
no current stroke risk stratification schemes con-
sider the situation in CKD or ESRD patients.23 
An individual algorithm considering risk fac-
tors and persistent medication, as suggest by us 
previously,9 might currently represent the most
suitable approach for CKD patients until data 
from randomized trials will be available. Going 
briefly through this algorithm, all CKD patients 
with permanent, persistent, and paroxysmal atri-
al fibrillation should be considered to be prone 
to an increased risk for ischemic stroke. Based on 
the ESC guidelines11 for atrial fibrillation, the pa-
tient’s major and clinically relevant non-major risk 

factors (Table 3) should be assessed and the 
CHADS2- or CHA2DS2-VASc-score could be cal-
culated. Since all the patients evaluated in this 
context have CKD as an additional but yet not 
concerned risk factor, there is wide consent that 
their true ischemic risk must be classified to be 
higher. If a patient has definitely no or only one 
moderate risk factor, anticoagulation with anti-
platelet drugs, e.g. low-dose acetylsalicylic acid 
(ASS), can be considered as an efficient therapy.

Otherwise, for patients with two or more 
risk factors an oral anticoagulation therapy 
should be considered. If the patient has al-
ready taken oral anticoagulation for more 
than 3 months, there is evidence that he prob-
ably represents a positive selection with a lower 
risk for bleedings.9 Nevertheless, the bleed-
ing risk is higher in CKD patients; therefore 
during long-term treatment the INR should 
be controlled at least every 14 days and be ad-
justed within a precise target range of 2.0-2.5.

In patients without current oral anticoagula-
tion or beginning of this therapy within the last 
3 months, risk factors for bleedings e.g. previ-
ous hemorrhage, dementia, cancer, eGFR<30 
ml/min/1.73 m2 or recurrent falls, should be 
carefully considered. If the decision towards 
oral anticoagulation is made, than the titration 
phase should be started carefully, with lower 
starting doses of the anticoagulant and small-
meshed INR controls during the first 4 weeks, 
during which the highest bleeding rates in all 
patients especially those with increased risks 
occur. If the bleedings risk appears to be too 
high, then at least administration of antiplate-
let drugs should be considered, even more if 
other vascular manifestations are present (cor-
onary, peripheral or carotid artery disease).

Conclusions

Although it is well known that CKD and ESRD 
patients are at a markedly increased risk for car-
diovascular events and mortality, only limited 
and conflicting data are available about treat-
ment strategies in many fields. As a consequence, 
CKD patients are often undertreated compared 
to patients with normal renal function. Thus, 
the unfavorable prognosis of CKD and ESRD 
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patients with AF is in part due to poor treatment 
which is the consequence of the poor data basis. In 
so far, CKD patients are hit twice: they suffer from 
a higher morbidity and are often treated worse.

With regard to atrial fibrillation, there is a great 
insecurity whether the standard therapy which 
is oral anticoagulation provides any benefit in 
patients with renal impairment and AF. CKD pa-
tients with AF who are closely monitored as seen 
in a recent study46 appear have a comparable sur-
vival rate to patients without AF and without an-
ticoagulation. Also, the stroke incidence can be 
dramatically reduced if an INR between 2.0 and 
3.0 was achieved.37 Other, non-randomized, ret-
rospective studies did not support these positive 
findings.41, 42, 47 More studies evaluating CKD pa-
tients especially with CKD stages 4 and 5 and AF 
are strongly recommended to improve the medi-
cal therapy and to develop widely accepted risk 
stratification and treatment guidelines.
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