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With the rise in obesity, diabetes, and hy-
pertension, the prevalence of chronic
kidney disease (CKD) has doubled in
the past 10 yr worldwide.1–5 Its inci-
dence and prevalence6 have become a
global challenge.7 Because the terms
for and definitions of renal failure were
previously used inconsistently, the
Kidney Dialysis Outcomes Quality Ini-
tiative (KDOQI) introduced in 2002 a
systematic classification for different
stages of CKD on the basis of estimated
GFR (eGFR; Table 1) to clarify diagno-
sis and guide therapy.8 Thus, CKD is
recognized as a silent epidemic affect-
ing more than 20 million Americans8

and accordingly also a substantial pro-

portion of the population in other
countries.3,9

Apart from the direct concern of
treating patients with all stages of CKD
(prevention, specific drugs, and renal re-
placement therapy), the high risk for car-
diovascular events represents the major
cause for morbidity and mortality in this
population.10 –14 With regard to the large
number of patients affected, one special
aspect of cardiovascular disease in CKD
has received surprisingly little attention.
Atrial fibrillation is very frequent in pa-
tients with CKD, and although related
morbidity and mortality seem to be re-
markably high, information about its
management are limited.

EPIDEMIOLOGY OF ATRIAL
FIBRILLATION

In the general population, the preva-
lence of atrial fibrillation is estimated
to range between 0.4 and 1.0% depend-
ing on age, with a prevalence of ap-
proximately 8% in patients �80 yr of
age.15 Currently, only the prevalence of
atrial fibrillation in patients who have
ESRD (see Appendix) and require dial-
ysis but not in other stages of CKD is
available. On the basis of the diagnostic
categories of atrial fibrillation reported
in the large US Renal Data System
(USRDS), a prevalence of 13% in pa-
tients on hemodialysis and 7% in pa-
tients undergoing peritoneal dialysis
was observed.16 Smaller but more de-
tailed longitudinal studies of patients
on maintenance hemodialysis detected
episodes of atrial fibrillation by repeti-
tive 24-h electrocardiogram Holter
monitoring in 13 to 27% of the pa-
tients.17–19 Thus, the prevalence of
atrial fibrillation in patients with ESRD
seems to be 10- to 20-fold higher, de-
pending on age, than in the general
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ABSTRACT
Patients with chronic kidney disease (CKD) have an increased risk for cardio-
vascular morbidity and mortality. Little attention has been paid to the problem
of atrial fibrillation, although this arrhythmia is very frequent with a prevalence
of 13 to 27% in patients on long-term hemodialysis. Because of the large
number of pathophysiologic mechanisms involved, these patients have a high
risk for both thromboembolic events and hemorrhagic complications. Stroke is
a frequent complication in CKD: The US Renal Data System reports an incidence
of 15.1% in hemodialysis patients compared with 9.6% in patients with other
stages of CKD and 2.6% in a control cohort without CKD. The 2-yr mortality
rates after stroke in these subgroups were 74, 55, and 28%, respectively.
Although oral coumadin is the treatment of choice for atrial fibrillation, its use
in patients with CKD is reported only in limited studies, all in hemodialysis
patients, and is associated with a markedly increased rate of bleeding com-
pared with patients without CKD. With regard to the high risk for stroke and the
conflicting data about oral anticoagulation, an individualized stratification al-
gorithm is presented based on relevant studies.
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population (Figure 1A). Fibrillation is
highly correlated with the diagnosis of
structural heart disease in these pa-
tients, particularly coronary artery dis-
ease, degenerative valvular disease as a
result of accelerated calcifications,
and left ventricular hypertrophy.19 –22

Fluctuating levels of electrolytes dur-
ing hemodialysis as well as sympathetic
nervous system activation and mod-
ulation of the renin-angiotensin
system represent additional predispos-
ing factors for atrial fibrillation in
CKD.18,22–24

CKD, ATRIAL FIBRILLATION, AND
RELATED MORBIDITY AND
MORTALITY

Because of the strong relationship of
atrial fibrillation to structural heart
disease, the direct impact of atrial fi-
brillation on morbidity and mortality
is problematic to assess. It is difficult to
determine whether patients have com-
plications related to atrial fibrillation
or to advanced structural heart disease
accompanied by atrial fibrillation.

Compared with patients with eGFR
�59 ml/min, those with eGFR between
45 and 59 ml/min have a 1.2-fold
higher adjusted hazard ratio for death
that increases to a 5.9-fold increase in
those with eGFR �15 ml/min. Further-
more, the hazard ratios for hospitaliza-
tion are 1.1-fold higher in patients with
eGFR between 45 and 59 ml/min and
rise to 3.1-fold in those with ESRD.11

Regarding atrial fibrillation, cross-
sectional data from the USRDS showed
that patients who have ESRD and have
known atrial fibrillation have an annual
mortality rate of 5% compared with only
2% in those without it.16 The 3-yr mor-
tality rates for patients who had ESRD
and had been hospitalized for atrial fi-
brillation were also significantly higher
(53%; n � 123) than in control subjects
(45%; n � 3245).21 Moreover, one longi-
tudinal, single-center study (n � 190) re-
ported 4-yr mortality rates of 81% in pa-
tients with ESRD and atrial fibrillation
compared with only 29% in those with-
out.25 There are no data about the impact
of atrial fibrillation on the mortality of
patients in other stages of CKD besides
ESRD; therefore, regardless of whether
atrial fibrillation is an independent risk
factor for mortality or represents only a
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Figure 1. Synopsis of atrial fibrillation in CKD. Various stages of CKD are displayed by
the same colors in all panels (blue, no CKD; green, CKD without hemodialysis; red,
hemodialysis; purple, peritoneal dialysis). (A) The prevalence of atrial fibrillation in pa-
tients on hemodialysis is 10- to 20-fold higher than in the general population, whereas
patients with peritoneal dialysis were less frequently affected.15–19 (B) Risk for stroke is
increased by each stage of CKD, with the highest risk in the patients who are on
hemodialysis and have atrial fibrillation.1,16,25,26 (C) Cumulative 2-yr mortality rates after
stroke or transient ischemic attacks (TIA) demonstrate the dramatic death rates in patients
who have CKD or are on hemodialysis.1

Table 1. Classification of various stages of CKDa

CKD Stage eGFR
Prevalence

(%)
Affected Patients Definition

1 �90 ml/min 3.3 Approximately 5,900,000 Renal injury (e.g., proteinuria) without reduced eGFR
2 89 to 60 ml/min 3.0 Approximately 5,300,000 Mildly decreased eGFR
3 59 to 30 ml/min 4.3 Approximately 7,600,000 Moderately decreased eGFR
4 29 to 15 ml/min 0.2 Approximately 400,000 Severely decreased eGFR
5 (almost identical

to ESRD, see Appendix)
�15 ml/min 0.3 Approximately 500,000 Kidney failure, mostly indication

for renal replacement therapy
aThe estimation of affected patients refers to the US population. Adapted from references.1,8
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risk predictor, physicians should care-
fully consider the consequences of atrial
fibrillation in their patients with CKD,
because it indicates a markedly increased
risk for medical comorbidities and death.

STROKE IN CKD

The major complication of atrial fibrilla-
tion is ischemic stroke.15 In CKD, the rate
of stroke is markedly higher in all stages. In
a Japanese community-based observa-
tional study of 1977 healthy individuals
without ESRD,26 the hazard rate ratios for
stroke in the subgroup with eGFR between
40 and 70 ml/min was 1.9, and with a GFR
�40 ml/min was 3.1 compared with those
with an eGFR �70 ml/min (Figure 1B). In
the VALIANT trial that included patients
with acute myocardial infarction and signs
of heart failure but without ESRD, there
was a significant stepwise increase in stroke
rates from 2 to 6% after 3 yr with decreas-
ing eGFR from �75 to �45 ml/min.14 The
stroke incidence in the USRDS was 15.1%
in hemodialysis patients compared with
9.6% in patients who had CKD and were
not on hemodialysis and 2.6% in matched
patients without CKD.1 After occurrence
of a stroke or transient ischemic attack, the
2-yr mortality rates are dramatically in-
creased in patients with CKD compared
with those without (Figure 1C).

With regard to atrial fibrillation, one
single-center analysis of hemodialysis pa-
tients observed thromboembolic event
rates of 24% per year in those with atrial
fibrillation compared with 5% in those
with sinus rhythm, a 4.6-fold increased rel-
ative risk.25 In the USRDS, patients with
ESRD and atrial fibrillation had a 1.6-fold
higher rate of stroke than those without
atrial fibrillation. This was based exclu-
sively on a 1.8-fold higher rate of ischemic
strokes, whereas hemorrhagic stroke rates
were similar. There was no difference in the
rates of stroke between patients on hemo-
dialysis or peritoneal dialysis.1

ORAL ANTICOAGULATION

Oral anticoagulation with coumadin is an
effective therapy to reduce the risk for

stroke related to atrial fibrillation in a ma-
jority of patients; however, only a few stud-
ies evaluated the use of oral anticoagula-
tion in patients with CKD. A Spanish
registry observed the outcome of patients
who were in various stages of CKD and
took oral anticoagulation for deep vein
thrombosis. Bleeding side effects were de-
fined as major when they occurred in ret-
roperitoneal, intraspinal, or intracranial
regions or when they required transfusions
or surgery. In the subgroup with an eGFR
�30 ml/min (n � 1037), the rates of major
and fatal bleeding after 3 mo were 7.3 and
2.2%, respectively, which were signifi-
cantly higher than the respective 2.1 and
0.5% in the group with an eGFR �30 ml/
min (n � 17,214); however, the rates of
embolic events, especially fatal pulmonary
embolism, were also markedly higher in
those with an eGFR �30 ml/min (6.4 ver-
sus 1.3%).27

With regard to atrial fibrillation, one
single-center report of patients with ESRD
observed an annual rate of 11% for hemor-
rhages in patients who were not on antico-
agulation, 16% in those treated with anti-
platelet therapy, and 26% in those on oral
anticoagulation. Of note, in 10 of the 13
patients who were on coumadin and had
bleeding, the international normalized ra-
tio (INR) was higher than intended (no
values specified in the article), but none of
the bleeding complications with oral anti-
coagulation was fatal.28 Another study of
430 hemodialysis patients found a 8.3-fold
higher rate of stroke in patients on oral an-
ticoagulation or on salicylates compared
with those without regardless of whether
they had atrial fibrillation.29 In contrast,
retrospective analyses from the USRDS of
patients who started their hemodialysis in
1996 and were subsequently hospitalized
for atrial fibrillation found a significantly
lower cumulative 3-yr all-cause mortality
of 33% in patients taking coumadin com-
pared with 56% in those without oral anti-
coagulation (n � 123).21

ALTERNATIVES FOR LONG-TERM
ANTICOAGULATION

Numerous alternatives to long-term an-
ticoagulation are available; however,

low-molecular-weight heparins, such as
enoxaparin, dalteparin, nadroparin, tin-
zaparin, heparoids (danaparoid), and
other therapies (argatroban), have a
strong tendency for accumulation in all
but especially advanced stages of
CKD.30 –32 In nearly all safety studies and
larger clinical trials evaluating these
drugs, patients with CKD were excluded.
Regarding the use of these drugs, only
case reports or small series have been
published, and they included patients
who were treated for a short period. Some
of these studies demonstrated no or low
complication rates, whereas others re-
ported high rates of often fatal bleeding
complications.30–34 There is ongoing dis-
cussion about whether dalteparin may
provide some advantages in CKD as a re-
sult of its pharmacokinetic profile; how-
ever, the evidence is also derived from
small, short-term observations.35,36 In
accordance with the American College of
Chest Physicians conference on anti-
thrombotic and thrombolytic therapy,32

the benefit of alternative drugs for long-
term anticoagulation in CKD seems un-
certain.

BALANCE BETWEEN
THROMBOEMBOLISM AND
HEMORRHAGE

Although the available data are limited
and in part conflicting, they do suggest
the situation in patients with atrial fibril-
lation and CKD is a special one. Many
physiologic mechanisms are altered in
CKD,37,38 which lead to substantial
changes in hemostasis (Table 2) with the
paradox that patients in all stages of CKD
but especially with ESRD have both a
prothrombotic state predisposing to
high risk for thromboembolism and a
coagulopathy with an increased ten-
dency for bleeding.1,25,27,28,38 – 41 This ex-
plains the high rate of ischemic strokes
and also the high rate of bleeding. It is
plausible that possible benefits of oral
anticoagulation for stroke prevention
may be outweighed by hemorrhagic risk.
Even in patients on oral anticoagulation
due to atrial fibrillation in the general
population, there is a small range in a
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U-shaped distribution for preventing
ischemic stroke and avoiding hemor-
rhagic complications at an INR of 2.0 to
3.0.42 It is not clear what the optimum
INR range is for patients with CKD.

INDIVIDUAL RISK
STRATIFICATION AS A WAY OUT
OF THE DILEMMA

In this complex situation with few, small,
and diverging studies, carefully per-
formed individual risk stratification may
represent the best approach. Such an in-
dividualized approach was suggested by
Lo et al.,30 who compared the risk for
ischemic stroke from the Cardiac Fail-
ure, Hypertension, Age, Diabetes, and
Stroke (CHADS2) score43 to the risk for
hemorrhages as estimated from the Out-
patient Bleeding Risk Index.45 If the pre-
sumed stroke risk outweighs the ex-
pected rate of bleeding, then, the authors
suggested, the patient should be placed
on oral anticoagulation. Although this
approach has some appeal, there are ma-
jor limitations: During validation of the
CHADS2 score, CKD was not consid-

ered. Moreover, a CHADS2 score of 6
points represents the highest achievable
value and means that the patient had car-
diac failure, hypertension, age �75 yr,
diabetes, and previous stroke. Such pa-
tients had average annual stroke rates of
18.2%.15,43 In contrast, in unselected pa-
tients who had ESRD with atrial fibrilla-
tion, the majority did not have all of these
CHADS2 risk factors but suffer from av-
erage annual stroke rates ranging from
17.4 up to 24%.1,25 This suggests the
CHADS2 score might underestimate the
stroke risk in renal patients. The Outpa-
tient Bleeding Risk Index as well as other
clinical prediction rules for hemorrhage
also show insufficient accuracy in the
general population.44,45 Moreover, these
prediction rules for bleeding risk are de-
rived from small cohorts with �600 pa-
tients, again with no or a low (�20%)
proportion of patients with CKD45;
therefore, just calculating and compar-
ing these distinct risk scores for stroke
and hemorrhage seems oversimplified
and probably not suitable for clinical
practice.

Nevertheless, some evidence-based
data provide helpful information. First,

the CHADS2 score is a feasible and useful
tool to estimate the risk for ischemic
stroke,15,43 but one has to be aware that,
in CKD, the patient’s real risk is likely
higher.1 Second, bleeding complications
on oral anticoagulation in CKD are fre-
quent with an increased proportion of
fatal bleeding, but the rate is not unac-
ceptably higher.27–29 In the largest cohort
of 123 patients who had ESRD with atrial
fibrillation and were on oral anticoagu-
lation, patients had significantly better
overall long-term survival compared
with those not treated,21 whereas pa-
tients who had ESRD and sustained isch-
emic stroke had a dramatic 2-yr mortal-
ity rate of 75% (Figure 1C).1 Third, the
risk for hemorrhages seems to be especially
increased during the first 30 to 90 d after
initiation of oral anticoagulation,27,44,46,47

because initial therapy often results in INR
values �3.0.28,44 Moreover, these hemor-
rhages in the early phase may be caused by
some patient-inherent factors, such as ce-
rebral microangiopathy. Patients on oral
anticoagulation for �90 d without a major
bleeding event represent a selected group
with a smaller risk for future hemor-
rhages.44,46,47 Fourth, the most relevant
clinical factors associated with a markedly
increased bleeding risk have been identi-
fied (Figure 2).44,45 Although they are not
easily condensed to a simple points score,45

they can reliably raise awareness of in-
creased bleeding risk.

Considering the available evidence
and current guidelines for management
of atrial fibrillation,15 we propose a risk
stratification algorithm presented in Fig-
ure 2. In its current form, it is partially
evidence based but feasible for deciding
whether a patient should be placed on
oral anticoagulation. One potential
weakness of the proposed algorithm is
that the consideration of bleeding risk
cannot simply be calculated by a scoring
system but rather needs the input of the
treating physician, who is competent in
evaluating the complex medical condi-
tions typical of CKD. For example, de-
mentia and recurrent falls may be impor-
tant factors for serious hemorrhages on
oral anticoagulation not only because of
mistakes during drug taking or injuries but
also as strong predictors of cerebral mi-

Table 2. Factors influencing hemostasis in CKD

Factors Predisposing for Bleeding Procoagulant Factors

Platelet abnormalities including subnormal
dense granule content

Atherosclerosis and diffuse
endothelial damage

Reduction in intracellular ADP and
serotonin

Dysfunctional activated protein C
metabolism

Impaired release of the platelet �-granule
protein and �-thromboglobulin

Enhanced intracellular cAMP and abnormal
mobilization of platelet Ca2�

Both elevated plasminogen activator
inhibitor-1 to tissue-type
plasminogen activator ratios and
inhibition of plasmin by increased
levels of lipoprotein(a)

Defects in the expression of
glycoprotein GPIb (the receptor
for von Willebrand factor)

Abnormal platelet arachidonic acid
metabolism

Defective cyclo-oxygenase activity
Abnormality of the activation-dependent

binding activity of GPIIb/IIIa
Increased formation of vascular PGI2
Altered von Willebrand factor

Indirectly:
Presence of uremic toxins, especially

parathyroid hormone
Anemia/altered blood rheology
Erythropoietin deficiency
Specific drug treatment (e.g., nonsteroidal

anti-inflammatory drugs)
ADP, adenosine diphosphate; GP, glycoprotein; PG, prostaglandin. Adapted from references.37,38,41
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croangiopathy with a high risk for sponta-
neous bleeding. Conversely, a patient who
had experienced a previous gastrointesti-
nal bleed while taking nonsteroidal anti-
inflammatory drugs but does not use them
anymore may not have a real contraindica-
tion. The design of this algorithm might
increase the use of oral anticoagulation in
patients with CKD, which is justified be-
cause of the high rate of disabling and fatal
stroke in CKD1 that outweighs the risk for
nonfatal or fatal hemorrhages.27–29 In gen-
eral, there has been a trend to withhold
otherwise established beneficial treatment

strategies such as oral anticoagulation in
patients with CKD.22,48 No doubt, more
prospective data and appropriate guide-
lines are needed to define more precisely
how to treat patients with atrial fibrillation
and CKD.

APPENDIX

Statement from the National Kidney
Foundation’s Practice Guidelines for
Chronic Kidney Disease7 regarding the
use of the term “end-stage renal disease”:

“Kidney failure is not synonymous
with end-stage renal disease (ESRD).
‘End-stage renal disease’ is an adminis-
trative term in the United States. It indi-
cates that a patient is treated with dialysis
or transplantation, which is the condi-
tion for payment for health care by the
Medicare ESRD Program. The classifica-
tion of ESRD does not include patients
with kidney failure who are not treated
with dialysis and transplantation. Thus,
although the term ESRD provides a sim-
ple operational classification of patients
according to treatment, it does not pre-
cisely define a specific level of kidney
function.”
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