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ABSTRACT

The coagulation system has gained much interest again as new
anticoagulatory substances have been introduced into clinical
practice. Especially patients with renal failure are likely candi-
dates for such a therapy as they often experience significant co-
morbidity including cardiovascular diseases that require
anticoagulation. Patients with renal failure on new anticoagu-
lants have experienced excessive bleeding which can be related
to a changed pharmacokinetic profile of the compounds.
However, the coagulation system itself, even without any inter-
ference with coagulation modifying drugs, is already pro-
foundly changed during renal failure. Coagulation disorders
with either episodes of severe bleeding or thrombosis represent
an important cause for the morbidity and mortality of such
patients. The underlying reasons for these coagulation dis-
orders involve the changed interaction of different com-
ponents of the coagulation system such as the coagulation
cascade, the platelets and the vessel wall in the metabolic con-
ditions of renal failure. Recent work provides evidence that
new factors such as microparticles (MPs) can influence the
coagulation system in patients with renal insufficiency through
their potent procoagulatory effects. Interestingly, MPs may
also contain microRNAs thus inhibiting the function of plate-
lets, resulting in bleeding episodes. This review comprises the
findings on the complex pathophysiology of coagulation dis-
orders including new factors such as MPs and microRNAs in
patients with renal insufficiency.

INTRODUCTION

The introduction of new anticoagulants into clinical practice
has again shed light on the problem of coagulation disorders
in patients with chronic renal failure as these patients can
experience severe bleeding disorders during a therapy with
such new compounds. A major problem is the prolonged half-
life of some new substances due to pharmacokinetic changes
namely accumulation of the compounds during renal failure.
Moreover, even without coagulation-modifying compounds,
the function of the coagulation system itself is already
profoundly changed in patients with renal failure, as they are
prone to episodes of prolonged bleeding. On the other hand,
they may also develop excessive formation of thrombi [1].
Bleeding disorders are the result of insufficient function of
platelets, the coagulation cascade and/or activation of the
fibrinolytic system, while hypercoagulability is rather the result
of disorders of the coagulation regulatory factors as well
as platelet hyperreactivity [1, 2]. Little is known so far
about the reasons why one patient develops bleeding pro-
blems, while another tends to head towards excessive throm-
bus formation. However, both problems are of significant
clinical relevance as some patients can be endangered by fatal
bleeding episodes such as prolonged bleeding from the dialysis
fistula, gastrointestinal bleeding or cerebral haemorrhage,
while other patients experience a prothrombotic status associ-
ated with an increased number of cardiovascular events or
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recurrent thrombosis of the dialysis access with insufficient
dialysis quality [2]. The reasons for these disorders are
complex and involve the coagulation cascade, the fibrinolytic
system, the platelets, the endothelium, or, the vessel wall with
its extracellular matrix. The relationship between these com-
ponents is influenced by uraemic toxins and metabolic com-
pounds accumulating during renal insufficiency [3].
Furthermore, patients with renal insufficiency suffer from a
varying degree of inflammation, which also influences haemo-
stasis [4]. Structural changes in the vessel wall related to arter-
iosclerosis may also influence coagulation [5]. Thus, patients
with renal failure have a complex disturbance of their coagu-
lation system, which makes them prone to severe bleeding epi-
sodes or thromboembolic events. If this already heavily
disturbed system is further deranged by anticoagulants, poten-
tially fatal sequalae can result particularly if one considers that
anticoagulants may accumulate in patients with renal insuffi-
ciency due to their reduced renal elimination [6].

Altogether, patients with renal insufficiency are prone to
coagulation disorders due to the complex interactions of
uraemic toxins, morphologically changed vessel walls includ-
ing the endothelium with the coagulation cascade and plate-
lets, which is further complicated by anticoagulants that have
the potential to accumulate in these patients.

INCREASED RISK OF BLEEDING

Bleeding has been reported in 40–50% of patients with
chronic renal failure or on haemodialysis (HD) [7, 8]. Another
study reported bleeding events in 24% of patients on HD [9].
A hospital-based study showed that the risk of bleeding epi-
sodes is increased ∼2-fold in patients with renal failure [10].
Clinically, an increased bleeding tendency in patients with
renal failure may present as gastrointestinal bleeding, bleeding
from cannulation sites, retinal haemorrhage, subdural haema-
toma, epistaxis, haematuria, ecchymosis, purpura, bleeding
from the gums, gingival bleeding, genital bleeding, haemoptysis,
telangiectasia, haemarthrosis and petechiae (Table 1) [7, 8].

What could be the pathophysiological basis for the in-
creased risk of bleeding in patients with renal failure?

Platelets

It has been shown that the platelet function is insufficient
in patients with severe renal impairment [1, 5]. A well-recog-
nized abnormality in platelet physiology contributing to plate-
let dysfunction with bleeding problems in patients with renal
failure is the disturbance of the platelet α-granules [11, 12].
They contain platelet factor 4, transforming growth factor-β1,
platelet-derived growth factor, fibronectin, B-thromboglobu-
lin, von Willebrand factor (vWF), fibrinogen, serotonin and
coagulation factors V and XIII. In uraemic patients, the α-
granules have an increased ATP/ADP ratio and a reduced
content of serotonin. Furthermore, the thrombin-triggered
release of ATP together with an increased calcium content and
a disturbed intracellular calcium flux upon several stimuli has
been related to platelet dysfunction and bleeding in uraemic
patients [11]. Platelets of uraemic patients also demonstrate a

deregulated arachidonic acid and prostaglandin metabolism
with an impaired synthesis and/or release of thromboxane A2

resulting in a reduced adhesion and aggregation of platelets
with following bleeding disorders [11, 13], which can be re-
versed by dialysis, suggesting that uraemic toxins are related to
this effect [14]. In addition, ultrafiltrates collected from
uraemic patients inhibited platelet-activating factor synthesis
that could account for the decreased platelet activity [15].

Furthermore, circulating fibrinogen fragments have been
demonstrated that can also interfere with haemostasis as they
competitively bind to the glycoprotein (GP) IIb/IIIa receptor
on platelets resulting in a decreased adhesion and aggregation
potential of platelets [16].

Haemodialysis represents a particular situation that influ-
ences the whole organism including platelets. First, a number
of uraemic toxins, such as phenol, phenolic acid (impairment
of primary aggregation to ADP), guanidinosuccinic acid (inhi-
bition of the second wave of ADP-induced platelet aggrega-
tion), influence platelet function [17–19]. However, a
correlation between the bleeding time and the concentration
of the dialysable uraemic metabolites was not detected [20].
Interestingly, HD itself can contribute to the bleeding disorder,
not only due to the administered heparin but also due to con-
tinuous platelet activation at the dialyser membrane with fol-
lowing decreased activity dialyser [21]. On the other hand, HD
has been shown to improve platelet abnormalities resulting in
a reduced risk of bleeding due to the removal of uraemic
toxins [22].

Table 1. Clinical presentation of bleeding and
thrombosis in patients with renal insufficiency
Bleeding Gastrointestinal bleedingBleeding from

cannulation sites
Retinal haemorrhage
Subdural haematoma
Epistaxis
Haematuria
Ecchymosis
Purpura
Bleeding from the gums
Gingival bleeding
Genital bleeding
Haemoptysis
Telangiectasia
Haemarthrosis
Petechiae

Thrombosis Deep venous thrombosis
PE
HD vascular access thrombosis
Central venous catheter thrombosis
Central vein thrombosis
Right atrial thrombus
Acute coronary syndrome
Cerebrovascular event
Peripheral artery occlusion
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histomorphologic diagnosis should be confirmed by biopsy. A
definitive treatment can be achieved if treatment of the under-
lying renal disease with a substantial reduction of the protei-
nuria is successful.

Heparin-induced thrombocytopenia type II (HIT II)

HIT II is a prothrombotic state related to the formation of
platelet-activating antibodies that are directed against com-
plexes of platelet factor 4 and heparin. Despite low platelets
HIT II leads to thromboembolic events (venous > arterial
thromboembolism) in 50–60%. Patients on dialysis are at par-
ticular risk for the development of HIT II as they receive
heparin as an anticoagulant during dialysis at a regular basis.
However, HIT II is not as frequent among patients receiving
HD as one might suggest with a reported frequency between
0.5 and 3–5% [89]. The incidence is strongly influenced by the
nature of the heparin fraction, the dosage and the duration
of administration. After administration of LMWH, the HIT
II-incidence is 10 times lower than after administration of
unfractionated heparin. The HIT II-incidence depends fur-
thermore on patient-related factors (surgical patients >
medical patients). Interestingly, the risk for development of
HIT II is low in non-surgical populations (critically ill patients
and patients receiving HD) and very low in pregnant women
[89, 90]. Platelet-activating antibodies (HIT-II-antibodies) do

not necessarily lead to clinically apparent HIT II. So far, it is
not clear what makes an individual susceptible for the devel-
opment of platelet-activating antibodies and furthermore, why
do only a minority of these patients with HIT II-antibodies
develop a clinical manifest HIT II [91]. However, it does not
seem that the renal insufficiency itself or uraemic toxins play a
role in this respect. If anticoagulation must be initiated in
patients with HIT, argatroban or regional citrate anticoagula-
tion may be used as alternative anticoagulants instead of he-
parins. Danaparoid (HIT II could progress under therapy with
danaparoid), lepirudin (has been taken from the market) or
fondaparinux (not licensed for HIT II therapy) should not be
used in patients with renal failure as they also may heavily
accumulate in these patients. The new oral anticoagulants da-
bigatran, rivaroxaban and apixaban are contraindicated in
patients with ESRD (ESC Clinical Practice Guidelines update
2012). Dabigatran can be eliminated via HD in cases of over-
dosing with severe bleeding complications.

Anticoagulation strategies during haemodialysis

Unfractioned heparin (UFH) is not a single molecule but a
composition of more than 120 different molecules among
them different glycosaminoglycans consisting of sulphated D-
glucosamine and D-glucuronic acid units. Thus, pharmaco-
logical purity cannot be determined. Its action is rapid

F IGURE 2 : Factors involved in the increased risk of thrombosis in patients with renal failure (for details see the text).
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Abstract
Background. The reported incidence, prevalence and
outcomes of atrial fibrillation (AF) in patients with end-
stage renal disease (ESRD) are variable. The risks and
benefits of warfarin anticoagulation need to be defined as
the risk of bleeding in ESRD patients may overwhelm the
benefits of embolic stroke prevention. We undertook a
systematic literature review to clarify these issues.
Methods. A literature search was undertaken using
Medline and EMBASE from 1990 to September 2011.
Studies that reported incidence, prevalence or selected out-
comes in ESRD patients with AF were included. Cross-
sectional, cohort and randomized controlled trials with >25
participants were included. The lists of authors and abstracts
from the search were reviewed by two investigators to de-
termine the manuscripts for full text review. Data were ab-
stracted to a form designed specifically for this study. The
quality of the studies was assessed using the Newcastle–
Ottawa scale. Event rates were calculated using a random-
effects model.
Results. Twenty-five studies met our inclusion criteria.
The prevalence of AF was 11.6% and the overall incidence
was 2.7/100 patient-years. The risk of mortality and stroke
was increased in ESRD patients with AF at 26.9 and 5.2/
100 patient-years versus 13.4 and 1.9/100 patient-years
compared with ESRD patients without AF. The majority of
studies do not support a protective effect for warfarin in
ESRD patients with AF.
Conclusions. The incidence and prevalence of AF in
ESRD patients are higher than in the general population
and are associated with an increased risk of stroke and mor-
tality. An appropriately designed randomized controlled
trial is required to determine whether anticoagulation is an
appropriate therapeutic strategy in patients with end-stage
renal disease and atrial fibrillation.

Keywords: atrial fibrillation; hemodialysis; mortality; prevalence; stroke

Introduction

Atrial fibrillation (AF) is the most common arrhythmia
in the general population and is associated with an in-
creased risk of stroke that can be estimated using the
CHADS2 score [1]. One point is assigned for a history
of congestive heart failure, age >75 years, diabetes mel-
litus and two points for stroke or transient ischemic
attack (TIA). Anticoagulation with warfarin is rec-
ommended for patients with a CHADS2 score of ≥2.
The greatest accepted risk with warfarin is bleeding, but
there is also emerging evidence that warfarin may con-
tribute to vascular calcification and precipitate calcific
uremic arteriolopathy in patients with end-stage renal
disease (ESRD) [2, 3].
The incidence and prevalence of AF in patients with

ESRD appears to be increasing due to the effects of in-
creasing age in the ESRD population in addition to the
higher burden of comorbid illness [4]. Hypertension, dia-
betes mellitus and congestive heart failure are also highly
prevalent in people with ESRD, so that the majority of
patients would require warfarin anticoagulation for their
AF based on their CHADS2 score. However, we have
shown previously that patients with ESRD are at an ∼10-
fold increased risk of bleeding compared with the general
population when treated with warfarin [5]. We have also
shown an increased risk of valvular calcification for
patients with ESRD on a long-term warfarin therapy [3].
Thus, the risk-benefit ratio of warfarin therapy is uncer-
tain in patients with ESRD despite the high CHADS2
score in this population.
Given the potential equipoise experienced by clinicians

managing patients with ESRD and AF, we performed a
systematic review to summarize what is known of the in-
cidence and prevalence of AF, and the risks of mortality
and stroke, treated or untreated with warfarin or antiplate-
let agents.

© The Author 2012. Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved.
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was paroxysmal [18]. The importance of paroxysmal AF
should not be underestimated, as demonstrated in the
study by Chou et al. in which this form of the arrhythmia
was associated with the greatest risk of stroke [21]. In an-
ticoagulation guidelines for the general population, no

distinction is made between paroxysmal and persistent
AF.
There is also a tremendous variability in the reported

prevalence of AF (11.6%, range 5.4–27%) [4, 10, 11, 13,
16–27, 29, 30, 33]. In addition to the differences in study

Fig. 2. Prevalence of atrial fibrillation in patients with ESRD.

Table 1. Included studies with study type, basic demographic information and study quality

First author Publication year Study type n Men (%) Age Quality score

Abe 1996 Cross-sectional, prospective 221 142 (64.3) 55 N/A
Abbott 2003 R. cohort 3374 1802 (53.4) 58.9 7
Acar 2010 Cross-sectional 183 93 (50.8) 52 N/A
Ansari 2001 R. cohort 106 a a 3
Atar 2006 Cross-sectional 275 164 (59.6) 49.0 N/A
Bozbas 2007 Cross-sectional 94 50 (53.2) 52.5 N/A
Chan 2009 R. cohort 1671 952 (60.0) 72.6 9
Chou 2010 R. cohort 219 89 (40.6) 69.5 7
To 2007 R. cohort 155 97 (62.3) 56.9 6
Fabbian 2000 Cross-sectional 316 205 (64.9) 63 N/A
Fujii 2011 P. matched cohort 60 21 (35) 66 8
Genovesi 2008 P. cohort 476 277 (58.2) 66.6 7
Jassal 1997 Cross-sectional 62 a 71.3 N/A
Krane 2009 P. cohort 1253 676 (54) 65.7 4
Lai 2010 R. cohort 93 a a 4
Phelan 2011 R. cohort 845 523 (61.9) 66.7 5
Sanchez-Perales 2010 Uncertain 449 245 (54.6) 64.4 7
Schonburg 2008 R. cohort 522 363 (70.0) 61 6
Vazquez 2003 Uncertain 190 104 (54.7) 59.1 5
Vazquez 2006 P. cohort 164 92 (56.1) 56.9 5
Vazquez 2009 P. cohort 256 146 (57) 65.0 7
Wizemann 2010 P. cohort 17,513 a a 8
Wiesholzer 2001 R. cohort 430 252 (58.6) a 5
Winkelmayer (JASN) 2011 R. cohortb 223,477 121697 (54.5) 62.3 7
Winkelmayer (cJASN) 2011 P. cohortc 1185 508 (42.9) 68.9 8

R, retrospective; P, prospective.
aNot reported.
bData extracted from the 2006 prevalent cohort.
cData extracted from the propensity-score cohorts with and without AF.
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design mentioned above, the technique used to diagnose
the arrhythmia was different across the studies. In some
cases, there is no mention of how patients were moni-
tored, whereas in other studies monthly electrocardio-
grams or 24-h Holter monitoring were used which would
potentially identify asymptomatic individuals [24]. Some

of the prevalence studies were performed in incident
dialysis patients, while others were a cross-section of
patients already well established on dialysis. Given the
abundance of risk factors for AF, which may develop or
worsen on dialysis, such as hypertension, left ventricular
hypertrophy and valvular heart disease, the prevalence of

Fig. 4. Mortality in patients with ESRD with and without atrial fibrillation.

Fig. 3. Incidence of atrial fibrillation in patients with ESRD.

Atrial fibrillation in ESRD 3819
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AF may increase if competing risks do not ultimately lead
to mortality for the same patients. For the same reason,
cross-sectional studies reporting prevalence may have
different estimates than retrospective or prospective cohort
studies in which ‘prevalence’ incorporates incidence.

The estimated risks and benefits of anticoagulation for
patients with ESRD and AF remain unclear. Overall,
patients with ESRD experience a 5–10-fold higher rate of
ischemic and hemorrhagic stroke compared with the
general population: the risks and benefits of intervention
are likely to be very different [34]. In our review, the
highest risk of thromboembolism is reported in the studies
by Vazquez et al. in which they have quoted a 4.6, 5.2
and 9.8-fold increased risk associated with AF [27–29].
However, this group of investigators included systemic
embolism and transient ischemic attacks, which were not
included in the other studies. Furthermore, the diagnosis
of TIA is often clinical and may be prone to subjective
clinical interpretation. The 9.8-fold increased risk was
based on a total of seven ischemic strokes over 4 years of
which 2 occurred in patients who did not have AF. The
small number of events affects the stability of the esti-
mates. The use of anticoagulants and the incidence of he-
morrhagic stroke were not discussed. In the study by
Chan et al. in which all patients had AF, 44.7% of
patients were on warfarin, 11.4% on clopidogrel and

37.3% were on aspirin [20]. The use of aspirin or clopido-
grel was not associated with an increased risk of stroke.
However, the use of warfarin was associated with an ∼2-
fold greater risk of stroke compared with warfarin nonuse
(hazard ratio for ischemic stroke was 1.8 and hazard ratio
for hemorrhagic stroke was 2.2). In a similar type of
study, Winkelmayer et al. did not show an increased rate
of overall stroke in patients treated with warfarin versus
those patients not treated with warfarin. However, warfar-
in did not decrease the risk of ischemic stroke (7.4 versus.
7.8/100 patient-years) but doubled the risk of hemorrhagic
stroke (2.6 versus 1.1/100 patient-years) [32]. Wizeman
et al. reported a 2-fold greater risk of stroke in patients
with AF over the age of 75 treated with warfarin com-
pared with elderly patients not treated with warfarin [10].
In the study by Wiesholzer et al. AF did not increase the
risk of stroke (combined ischemia and hemorrhagic), but
there was a 3-fold greater risk of stroke for patients treated
with either salicylates or warfarin [30]. Contrary to these
results, the use of warfarin was associated with a decreased
thromboembolic stroke risk in the study by Lai et al. in
patients on hemodialysis [12]. However in that study,
intracerebral bleeding was not included in the stroke
outcome (14 intracerebral bleeds, entire population).
Although the investigators from each of the studies at-

tempted to control for other variables that might also

Fig. 5. Stroke in patients with ESRD with and without atrial fibrillation.
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Warfarin Use Associates with Increased Risk for
Stroke in Hemodialysis Patients with Atrial Fibrillation

Kevin E. Chan,* J. Michael Lazarus,* Ravi Thadhani,† and Raymond M. Hakim*

*Fresenius Medical Care NA, Waltham, Massachusetts; and †Nephrology Division, Department of Medicine,
Massachusetts General Hospital, Boston, Massachusetts

ABSTRACT
Use of warfarin, clopidogrel, or aspirin associates with mortality among patients with ESRD, but the
risk-benefit ratio may depend on underlying comorbidities. Here, we investigated the association
between these medications and new stroke, mortality, and hospitalization in a retrospective cohort
analysis of 1671 incident hemodialysis patients with preexisting atrial fibrillation. We followed patient
outcomes from the time of initiation of dialysis for an average of 1.6 yr. Compared with nonuse, warfarin
use associated with a significantly increased risk for new stroke (hazard ratio 1.93; 95% confidence
interval 1.29 to 2.90); clopidogrel or aspirin use did not associate with increased risk for new stroke.
Analysis using international normalized ratio (INR) suggested a dose-response relationship between the
degree of anticoagulation and new stroke in patients on warfarin (P � 0.02 for trend). Warfarin users who
received no INR monitoring in the first 90 d of dialysis had the highest risk for stroke compared with
nonusers (hazard ratio 2.79; 95% confidence interval 1.65 to 4.70). Warfarin use did not associate with
statistically significant increases in all-cause mortality or hospitalization. In conclusion, warfarin use
among patients with both ESRD and atrial fibrillation associates with an increased risk for stroke. The risk
is greatest in warfarin users who do not receive in-facility INR monitoring.

J Am Soc Nephrol 20: 2223–2233, 2009. doi: 10.1681/ASN.2009030319

Atrial fibrillation is a common comorbidity in pa-
tients with ESRD, with a prevalence of 9%.1 Even
though the drug’s efficacy and safety have yet to be
shown in ESRD by prospective trials,2 warfarin is
often prescribed in such dialysis patients3 as a car-
ryover from recommendations in the general pop-
ulation on the basis of several studies that estab-
lished its role in stroke prevention.4 –11

We previously reported a significant excess mor-
tality associated with anticoagulation and/or anti-
platelet use in a large, heterogeneous population of
incident hemodialysis (HD) patients.12 In an effort
to develop a focused understanding for the indica-
tions for warfarin, clopidogrel, and aspirin pre-
scription for patients with ESRD, we performed a
follow-up study to determine the potential risk-
benefit ratio of these drugs specifically in dialysis
patients with coexisting atrial fibrillation.

The population of patients with atrial fibrillation
is heterogeneous13–16 in terms of risk for stroke, and
the hazards of anticoagulation may outweigh its

benefits in certain subpopulations who are at in-
creased risk for hemorrhage.17–23 Factors associated
with serious hemorrhagic complications in warfa-
rin users without renal failure include polypharma-
cy,24 advanced age,25 cerebrovascular disease,26 and
heart failure19; such factors are also highly prevalent
in the ESRD population.27–33 In addition, dialysis
patients have several platelet defects and receive
heparin during their dialysis treatment, which con-
tributes to their coagulopathy.34,35

Taken together, warfarin use in dialysis patients
may confer additional risk that is not appreciated in
patients without renal failure.2,36 Given the paucity
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nonusers (hazard ratio 2.79; 95% confidence interval 1.65 to 4.70). Warfarin use did not associate with
statistically significant increases in all-cause mortality or hospitalization. In conclusion, warfarin use
among patients with both ESRD and atrial fibrillation associates with an increased risk for stroke. The risk
is greatest in warfarin users who do not receive in-facility INR monitoring.

J Am Soc Nephrol 20: 2223–2233, 2009. doi: 10.1681/ASN.2009030319

Atrial fibrillation is a common comorbidity in pa-
tients with ESRD, with a prevalence of 9%.1 Even
though the drug’s efficacy and safety have yet to be
shown in ESRD by prospective trials,2 warfarin is
often prescribed in such dialysis patients3 as a car-
ryover from recommendations in the general pop-
ulation on the basis of several studies that estab-
lished its role in stroke prevention.4 –11

We previously reported a significant excess mor-
tality associated with anticoagulation and/or anti-
platelet use in a large, heterogeneous population of
incident hemodialysis (HD) patients.12 In an effort
to develop a focused understanding for the indica-
tions for warfarin, clopidogrel, and aspirin pre-
scription for patients with ESRD, we performed a
follow-up study to determine the potential risk-
benefit ratio of these drugs specifically in dialysis
patients with coexisting atrial fibrillation.

The population of patients with atrial fibrillation
is heterogeneous13–16 in terms of risk for stroke, and
the hazards of anticoagulation may outweigh its

benefits in certain subpopulations who are at in-
creased risk for hemorrhage.17–23 Factors associated
with serious hemorrhagic complications in warfa-
rin users without renal failure include polypharma-
cy,24 advanced age,25 cerebrovascular disease,26 and
heart failure19; such factors are also highly prevalent
in the ESRD population.27–33 In addition, dialysis
patients have several platelet defects and receive
heparin during their dialysis treatment, which con-
tributes to their coagulopathy.34,35

Taken together, warfarin use in dialysis patients
may confer additional risk that is not appreciated in
patients without renal failure.2,36 Given the paucity

Received March 20, 2009. Accepted June 10, 2009.

Published online ahead of print. Publication date available at
www.jasn.org.

Correspondence: Dr. Kevin E. Chan, Fresenius Medical Care NA,
920 Winter Street, Waltham, MA 02451. Phone: 781-699-2546;
Fax: 781-699-4047; E-mail: Kevin.chan@fmc-na.com

Copyright � 2009 by the American Society of Nephrology

CLINICAL EPIDEMIOLOGY www.jasn.org

J Am Soc Nephrol 20: 2223–2233, 2009 ISSN : 1046-6673/2010-2223 2223



ANTICOAGULAZIONE:
attualità cliniche, di laboratorio e aspetti sociali

BOLOGNA, 21-22 GENNAIO 2016

P � 0.0001; Figure 1A). The new stroke rate
was highest in patients who were on warfa-
rin (7.1 per 100 person-years; 95% CI 5.7 to
8.7), followed by patients who were on as-
pirin (3.5 per 100 person-years; 95% CI 2.5
to 4.7), no drugs (2.9 per 100 person-years;
95% CI 2.0 to 4.4), and clopidogrel (2.7 per
100 person-years; 95% CI 1.5 to 5.2).

Cox regression analysis indicated warfa-
rin use (versus nonuse) doubled the risk for
new stroke (P � 0.001), whereas aspirin use
(versus nonuse) or clopidogrel use (versus
nonuse) was not statistically significant in
influencing the outcome (Table 2). Back-
ward elimination revealed the CHADS2 in-
dex as the only covariate to affect signifi-
cantly the risk for stroke in the Cox model.
A one-point increase in CHADS2 score was
associated with a 27% increase in the risk
for new stroke (P � 0.003), which is similar
to its ability to predict stroke in the general
population.38 Dosage of heparin used dur-
ing the dialysis procedure did not increase
the risk for new stroke (hazard ratio [HR]
1.01 per 1000 units; P � 0.85). Interaction
terms among warfarin, clopidogrel, and as-
pirin were not found to be significant when
included in the Cox model.

Secondary Stroke Analysis
Implementation of propensity scoring did
not significantly alter the findings of the
primary analysis. A statistically and clini-
cally significant association between warfa-
rin use (versus nonuse) and increased
stroke remained even when the propensity
score was added as a covariate to the model
(Table 2) or in a propensity-matched sub-
cohort (HR 2.00; 95% CI 1.32 to 3.04 in 746
warfarin users matched to 746 nonusers
with a similar propensity score).

When compared with patients who were not on the drug, war-
farin increased the risk for new stroke regardless of whether a
patient had congestive heart failure, hypertension, an age �75 yr,
previous stroke/transient ischemic attack (TIA), or diabetes. Al-
though warfarin use was also associated with an increased risk for
new stroke in all CHADS2 strata, the margin between the risk and
benefit decreased with increasing CHADS2 score (Figure 2). Thus,
the risk associated with warfarin use was reduced in patients who
had atrial fibrillation and were at high risk for future stroke
(higher CHADS2 score) relative to those at low risk, which is con-
sistent with treatment guidelines in the general population.39,40

When analyzed separately, the adjusted ischemic stroke HR with
warfarin use (versus nonuse) was 1.81 (95% CI 1.12 to 2.92; Figure
2), whereas the risk for hemorrhagic stroke with warfarin use was

greater (HR 2.22; 95% CI 1.01 to 4.91; Figure 2); furthermore,
29% of patients who were on warfarin and survived their stroke
stopped the drug on discharge from hospital, which suggests a
reasonable number of strokes were likely hemorrhagic in nature.

After matching for facility and then adjustment for the
CHADS2 and propensity score (c-statistic � 0.73) warfarin pre-
scription trended toward an increased risk for new stroke (HR
1.43; 95% CI 0.75 to 2.71; n � 646). Matching for physician pro-
duced similar findings (HR 1.25; 95% CI 0.59 to 2.67; n � 554).
These results remained consistent with the primary analysis (n �
1671) but with wider CIs, consistent with a two-thirds reduction
in the number of patients used in the 1:1 matched analysis.

Because some patients changed their warfarin, clopidogrel, or
aspirin prescription after group assignment, we repeated the pri-
mary analysis whereby patients were censored when their pre-

Figure 1. Crude stroke curves by drug exposure. (A) Under an intention-to-treat
assumption, increased incidence of new stroke was associated with patients who were
on warfarin. (B) Similar results were noted when patients were censored when they
changed their warfarin, clopidogrel, or aspirin prescription after study enrollment.
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that was found in this study may seem to challenge general
recommendations for stroke prevention, several clinical stud-
ies indirectly support this reassessment of the relative risk-ben-
efit ratio for anticoagulation use in dialysis patients.2 the US
Renal Data System reported a 10-fold increase in subdural
hemorrhages in dialysis patients (although their medication
was not specified) when compared with nondialysis patients,43

whereas a review of 28 studies of warfarin use in dialysis pa-
tients suggested its use doubled the risk for major bleeding.44

Treated hypertension,18 –20,45,46 cerebrovascular disease,23 isch-
emic stroke,21,47 serious heart disease,23 renal insufficien-
cy,23,48 –50 and advanced age25,49,51–53 have been reported to po-
tentiate bleeding during warfarin therapy and are highly prevalent
in the dialysis population. Our study also suggests that warfarin
users with no in-facility INR monitoring had the greatest risk for
stroke, and hemorrhagic complications may be minimized with
frequent monitoring and tight management of a patient’s antico-
agulation status.

Figure 2. Stratified analysis. Patients at higher risk for future stroke (higher CHADS2 score) had better risk-benefit profiles
(warfarin*CHADS2 � 0.84; P � 0.31 for interaction) with warfarin use when compared with nonusers. With the exception of diabetes,
there were no statistical differences in the prevalence of warfarin use, INR level, or INR monitoring with increasing risk for stroke
(CHADS2 score) and by five well-established risk factors for future stroke in atrial fibrillation.38 The crude ischemic stroke rate in warfarin
users was 5.8 strokes per 100 patient-years (95% CI 4.6 to 7.4) versus 2.3 strokes per 100 patient-years in nonusers (95% CI 1.5 to 3.6).
The crude hemorrhagic stroke rate in warfarin users was 1.2 strokes per 100 patient-years (95% CI 0.7 to 2.1) versus 0.5 strokes per 100
patient-years in nonusers (95% CI 0.2 to 1.4).
†Statistically significant difference (P � 0.03) in prevalence of warfarin use in diabetic versus nondiabetic incident dialysis patients with
atrial fibrillation.
§As expected, patients with a higher propensity for warfarin prescription had a higher prevalence of warfarin use.
¥After matching, the caliper width of the propensity score between the two groups was found to be �0.6 SD.
*Values reported only for patients who had a stroke outcome.
CHF, congestive heart failure; HTN, hypertension.
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An important factor that may play a role in this risk-
benefit profile is that the intrinsic platelet dysfunction of
ESRD may reduce the risk for stroke in dialysis patients with
atrial fibrillation, which could also explain why the un-
treated stroke rate in the study population (2.9 events per
100 patient-years) is lower than a similar untreated cohort
of patients without kidney disease (4.4 events per 100 pa-
tient-years).38 In addition to a hemorrhagic mechanism for
stroke, warfarin may potentiate vascular calcification to in-
crease the risk for ischemic stroke,54 which was also re-
ported in warfarin users in our study cohort.

This study cohort was derived from all patients receiving
chronic renal replacement therapy with a large, national
dialysis provider. Inclusion of patients from a large number
of clinics likely minimized bias.55 Despite this, we acknowl-

edge several limitations of this study, which include the fol-
lowing:

1. Misclassification bias: The diagnosis of stroke and atrial fibrillation abstracted from

medical records may not have been accurate, because confirmatory tests such as

neuroimaging and electrocardiograms were not consistently documented in the

medical records abstracted for the definitive confirmation of these conditions.

2. Confounding by indication: The increase in strokes among warfarin users may

have been because patients who were anticoagulated and had higher INR levels

may have had an inherently higher baseline stroke risk that was not fully ad-

justed for by covariates such as the CHADS2 score.

3. Survivorship bias: Patients who had pre-ESRD and were at increased risk for

mortality were less likely prescribed warfarin and preferentially left censored

before the initiation of dialysis (i.e., early death in nonusers prevented the pa-

tient’s enrollment in the analysis).

Figure 3. HRs for stroke with warfarin use (versus nonuse) by strata of INR level. The graph demonstrates a dose-response relationship
between warfarin and new stroke. Patients with higher levels of anticoagulation, as quantified by the INR level, have an increased risk
for new stroke (P � 0.04 for trend) with warfarin use (versus nonuse). Patients who were on warfarin and had no INR monitoring had the
highest risk for new stroke. The stroke risk, as quantified by the CHADS2 score, among the five categories of INR were statistically (P �
0.11) and clinically no different.

Table 3. HRs for mortality by warfarin therapy

Parameter

Warfarin
Users

(n � 746)

Warfarin
Nonusers
(n � 925)

Warfarin Use (versus Nonuse)

Total Deaths (Deaths per
100 Patient-Years)

n HR (95% CI)

HR for mortality
unadjusted model 333 (27.4) 425 (25.7) 1671 1.03 (0.89 to 1.19)
covariate adjusted model 1671 1.10 (0.94 to 1.30)
covariate and propensity score adjusted model 1400 1.10 (0.93 to 1.30)

death from stroke 16 (1.3) 6 (0.4) 1400 4.31 (1.44 to 12.9)
death from cardiovascular disease 205 (16.9) 265 (16.5) 1400 1.04 (0.85 to 1.28)
death from bleeding 5 (0.41) 6 (0.37) 1400 1.24 (0.26 to 5.87)
death from infection 24 (2.0) 41 (2.6) 1400 0.87 (0.48 to 1.55)
other causes of death 83 (6.8) 107 (5.8) 1400 1.22 (0.89 to 1.69)
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Patients with atrial fibrillation (AF) who have severe chronic 
kidney disease (CKD) have a higher risk for stroke and 

bleeding.1,2 AF is the most common cardiac arrhythmia and 
is an independent risk factor for a new stroke.3,4 Patients with 
AF who have severe CKD, which requires treatment with 
dialysis, have a 5-fold higher risk for a new stroke.3,4 AF is 
becoming increasingly prevalent among patients with severe 
CKD, predisposing a patient to a much higher risk for a new 
stroke.1,5,6 Historically, warfarin, a vitamin K antagonist, 
has been considered the preferred anticoagulant for reduc-
ing the risk of stroke in most patients with AF.7 However, 
warfarin use has been shown to accelerate vascular calcifica-
tion in CKD patients, which eventually may further increase 
the risk for ischemic stroke.5,8–10 Therefore, uncertainty still 
exists regarding whether warfarin confers similar protection 

to reduce the risk for stroke in patients with AF who have 
severe CKD.11–14

Editorial see p 1190 
Clinical Perspective on p 1203

CKD is also considered as an independent risk factor for 
bleeding, and, therefore, warfarin use in patients who have 
severe CKD could increase the risk for bleeding.2 Moreover, 
in patients with AF undergoing hemodialysis, it is routine 
practice to administer heparin, which could also increase the 
risk for bleeding.15

Current observational studies on warfarin use and the 
risk for stroke and bleeding in patients with AF undergoing 
dialysis present conflicting results.1,8,16,17 Globally, because 
of a lack of evidence from randomized, controlled trials, AF 

Background—Current observational studies on warfarin use and the risk for stroke and bleeding in patients with atrial 
fibrillation (AF) undergoing dialysis found conflicting results.

Methods and Results—We conducted a population-based retrospective cohort study of patients aged ≥65 years admitted 
to a hospital with a primary or secondary diagnosis of AF, in Quebec and Ontario, Canada from 1998 to 2007. The AF 
cohort was grouped into dialysis (hemodialysis and peritoneal dialysis) and nondialysis patients and into warfarin and 
no-warfarin users according to the first prescription filled for warfarin within 30 days after AF hospital discharge. We 
determined the association between warfarin use and the risk for stroke and bleeding in dialysis and nondialysis patients. 
The cohort comprised 1626 dialysis patients and 204 210 nondialysis patients. Among dialysis patients, 46% (756/1626) 
patients were prescribed warfarin. Among dialysis patients, warfarin users had more congestive heart failure and diabetes 
mellitus, but fewer prior bleeding events in comparison with the no-warfarin users. Among dialysis patients, warfarin 
use, in comparison with no-warfarin use, was not associated with a lower risk for stroke (adjusted hazard ratio, 1.14; 95% 
confidence interval, 0.78–1.67) but was associated with a 44% higher risk for bleeding (adjusted hazard ratio, 1.44; 95% 
confidence interval, 1.13–1.85) after adjusting for potential confounders. Propensity score–adjusted analyses yielded 
similar results.

Conclusions—Our results suggest that warfarin use is not beneficial in reducing stroke risk, but it is associated with a 
higher bleeding risk in patients with AF undergoing dialysis.   (Circulation. 2014;129:1196-1203.)
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CKD is also considered as an independent risk factor for 
bleeding, and, therefore, warfarin use in patients who have 
severe CKD could increase the risk for bleeding.2 Moreover, 
in patients with AF undergoing hemodialysis, it is routine 
practice to administer heparin, which could also increase the 
risk for bleeding.15

Current observational studies on warfarin use and the 
risk for stroke and bleeding in patients with AF undergoing 
dialysis present conflicting results.1,8,16,17 Globally, because 
of a lack of evidence from randomized, controlled trials, AF 
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fibrillation (AF) undergoing dialysis found conflicting results.

Methods and Results—We conducted a population-based retrospective cohort study of patients aged ≥65 years admitted 
to a hospital with a primary or secondary diagnosis of AF, in Quebec and Ontario, Canada from 1998 to 2007. The AF 
cohort was grouped into dialysis (hemodialysis and peritoneal dialysis) and nondialysis patients and into warfarin and 
no-warfarin users according to the first prescription filled for warfarin within 30 days after AF hospital discharge. We 
determined the association between warfarin use and the risk for stroke and bleeding in dialysis and nondialysis patients. 
The cohort comprised 1626 dialysis patients and 204 210 nondialysis patients. Among dialysis patients, 46% (756/1626) 
patients were prescribed warfarin. Among dialysis patients, warfarin users had more congestive heart failure and diabetes 
mellitus, but fewer prior bleeding events in comparison with the no-warfarin users. Among dialysis patients, warfarin 
use, in comparison with no-warfarin use, was not associated with a lower risk for stroke (adjusted hazard ratio, 1.14; 95% 
confidence interval, 0.78–1.67) but was associated with a 44% higher risk for bleeding (adjusted hazard ratio, 1.44; 95% 
confidence interval, 1.13–1.85) after adjusting for potential confounders. Propensity score–adjusted analyses yielded 
similar results.

Conclusions—Our results suggest that warfarin use is not beneficial in reducing stroke risk, but it is associated with a 
higher bleeding risk in patients with AF undergoing dialysis.   (Circulation. 2014;129:1196-1203.)
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with a 56% decrease in the risk for the composite stroke/
death outcome. However, there were several limitations 
to this study.1,43–45 A larger proportion of dialysis patients 

had unusually low HAS-BLED scores (HAS-BLED score: 
2–35% [312/901]; 0 or 1–43% [390/901]).1,44 Contrary to our 
study and DOPPS, dialysis patients had a low prevalence of 

Table 3. Association between Warfarin Use and the Risk for Stroke and Bleeding in Patients with Atrial 
Fibrillation

Patients With AF Outcomes Adjusted* HR (95% CI) Propensity Score† Adjusted HR (95% CI)

Dialysis (n=1626) Stroke‡ 1.14 (0.78–1.67) 1.17 (0.79–1.75)

Bleeding§ 1.44 (1.13–1.85) 1.41 (1.09–1.81)

Nondialysis (n=204 210) Stroke‡ 0.87 (0.85–0.90) 0.89 (0.87–0.92)

Bleeding§ 1.19 (1.16–1.22) 1.20 (1.17–1.23)

AF indicates atrial fibrillation; CI, confidence interval; HR, hazard ratio; NSAIDs, nonsteroidal anti-inflammatory drugs; and TIA, 
transient ischemic attack. 

*Stroke outcome was adjusted for age (years), sex, specific components of CHADS
2 stroke prediction score (congestive heart failure, 

hypertension, diabetes mellitus, and history of stroke/TIA).
*Bleeding outcome was adjusted for: age (years), sex, specific components of HAS-BLED bleeding prediction score (liver disease, 

hypertension, history of stroke/TIA, history of bleeding, and use of aspirin, clopidogrel, or NSAIDs).
†Propensity score was derived from the following variables: age ≥75 y, sex, type of AF (primary vs secondary), CHADS2 scores (1 

and ≥2), liver disease, congestive heart failure, hypertension, diabetes mellitus, history of stroke/TIA, history of bleeding, use of rate 
control drug, rhythm control drug, aspirin, clopidogrel, and NSAIDs.

‡Stroke was defined as the first hospital admission or emergency department visit for ischemic cerebrovascular disease, TIA, or 
retinal infarct at any point during the follow-up period.

§Bleeding was defined as the first hospital admission or emergency department visit for intracerebral bleeding, gastrointestinal 
bleeding, intraocular bleeding, hematuria, and unspecified location of bleeding at any point during the follow-up period.

Table 2. Crude Incidence Rate for Stroke and Bleeding Events

Dialysis Patients Nondialysis Patients

N=1626 N=204 210

No. of Events
Incidence* Rate per  
100 Person-Years No. of Events

Incidence* Rate per 100 
Person-Years

Stroke† 107 3.12 19 489 2.35

According to warfarin prescription (within 30 days postdischarge)

  Yes 52 3.37 9241 2.19

  No 55 2.91 10 248 2.51

According to CHADS
2 score‡

  Low risk (0) 4 1.99 2270 1.49

  Moderate risk (1) 23 2.35 6078 2.06

  High risk (≥ 2) 80 3.55 11 141 2.91

Bleeding§ 275 8.89 34 035 4.32

According to warfarin prescription (within 30 days postdischarge)

  Yes 149 10.88 18 340 4.64

  No 126 7.31 15 695 4.00

According to HAS-BLEDǁ score

  Low and moderate risk# (1–2) 43 8.00 26 129 4.07

  High risk (≥ 3) 232 9.08 7906 5.45

AF indicates atrial fibrillation; and TIA, transient ischemic attack.
*Incidence rates were calculated with the following formula: No. of events/total follow-up time (100 person-years). Incidence rates 

are weighted average for results from Quebec and Ontario.
†Stroke was defined as the first hospital admission or emergency department visit for ischemic cerebrovascular disease, TIA, or 

retinal infarct at any point during the follow-up period.
‡CHADS

2 score is a clinical prediction score for estimating the risk for stroke.
§Bleeding was defined as the first hospital admission or emergency department visit for intracerebral bleeding, gastrointestinal 

bleeding, intraocular bleeding, hematuria, and unspecified location of bleeding at any point during the follow-up period.
ǁHAS-BLED score is a clinical prediction score for estimating the risk for bleeding.
#HAS-BLED score has minimum score of 1 and 2 for nondialysis patients and dialysis patients, respectively. In this study, all AF 

patients are aged ≥ 65 yr, which accounts for 1 point. In the dialysis group, all patients have abnormal renal function, which also 
accounts for 1 point.
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study and DOPPS, dialysis patients had a low prevalence of 

Table 3. Association between Warfarin Use and the Risk for Stroke and Bleeding in Patients with Atrial 
Fibrillation

Patients With AF Outcomes Adjusted* HR (95% CI) Propensity Score† Adjusted HR (95% CI)

Dialysis (n=1626) Stroke‡ 1.14 (0.78–1.67) 1.17 (0.79–1.75)

Bleeding§ 1.44 (1.13–1.85) 1.41 (1.09–1.81)

Nondialysis (n=204 210) Stroke‡ 0.87 (0.85–0.90) 0.89 (0.87–0.92)

Bleeding§ 1.19 (1.16–1.22) 1.20 (1.17–1.23)

AF indicates atrial fibrillation; CI, confidence interval; HR, hazard ratio; NSAIDs, nonsteroidal anti-inflammatory drugs; and TIA, 
transient ischemic attack. 

*Stroke outcome was adjusted for age (years), sex, specific components of CHADS
2 stroke prediction score (congestive heart failure, 

hypertension, diabetes mellitus, and history of stroke/TIA).
*Bleeding outcome was adjusted for: age (years), sex, specific components of HAS-BLED bleeding prediction score (liver disease, 

hypertension, history of stroke/TIA, history of bleeding, and use of aspirin, clopidogrel, or NSAIDs).
†Propensity score was derived from the following variables: age ≥75 y, sex, type of AF (primary vs secondary), CHADS2 scores (1 

and ≥2), liver disease, congestive heart failure, hypertension, diabetes mellitus, history of stroke/TIA, history of bleeding, use of rate 
control drug, rhythm control drug, aspirin, clopidogrel, and NSAIDs.

‡Stroke was defined as the first hospital admission or emergency department visit for ischemic cerebrovascular disease, TIA, or 
retinal infarct at any point during the follow-up period.

§Bleeding was defined as the first hospital admission or emergency department visit for intracerebral bleeding, gastrointestinal 
bleeding, intraocular bleeding, hematuria, and unspecified location of bleeding at any point during the follow-up period.

Table 2. Crude Incidence Rate for Stroke and Bleeding Events

Dialysis Patients Nondialysis Patients

N=1626 N=204 210

No. of Events
Incidence* Rate per  
100 Person-Years No. of Events

Incidence* Rate per 100 
Person-Years

Stroke† 107 3.12 19 489 2.35

According to warfarin prescription (within 30 days postdischarge)

  Yes 52 3.37 9241 2.19

  No 55 2.91 10 248 2.51

According to CHADS
2 score‡

  Low risk (0) 4 1.99 2270 1.49

  Moderate risk (1) 23 2.35 6078 2.06

  High risk (≥ 2) 80 3.55 11 141 2.91

Bleeding§ 275 8.89 34 035 4.32

According to warfarin prescription (within 30 days postdischarge)

  Yes 149 10.88 18 340 4.64

  No 126 7.31 15 695 4.00

According to HAS-BLEDǁ score

  Low and moderate risk# (1–2) 43 8.00 26 129 4.07

  High risk (≥ 3) 232 9.08 7906 5.45

AF indicates atrial fibrillation; and TIA, transient ischemic attack.
*Incidence rates were calculated with the following formula: No. of events/total follow-up time (100 person-years). Incidence rates 

are weighted average for results from Quebec and Ontario.
†Stroke was defined as the first hospital admission or emergency department visit for ischemic cerebrovascular disease, TIA, or 

retinal infarct at any point during the follow-up period.
‡CHADS

2 score is a clinical prediction score for estimating the risk for stroke.
§Bleeding was defined as the first hospital admission or emergency department visit for intracerebral bleeding, gastrointestinal 

bleeding, intraocular bleeding, hematuria, and unspecified location of bleeding at any point during the follow-up period.
ǁHAS-BLED score is a clinical prediction score for estimating the risk for bleeding.
#HAS-BLED score has minimum score of 1 and 2 for nondialysis patients and dialysis patients, respectively. In this study, all AF 

patients are aged ≥ 65 yr, which accounts for 1 point. In the dialysis group, all patients have abnormal renal function, which also 
accounts for 1 point.
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diabetes mellitus (14% [129/901]) and hypertension (54% 
[486/901]).1,43 It is possible that a selection bias of healthier 
patients undergoing dialysis could explain the reason for the 
decreased risk of stroke with warfarin use in the study by 
Olesen et al.1,43

Contrary to our results of increased bleeding risk in dialy-
sis patients, Winkelmayer et al16 and Olesen et al1 observed 
no association between warfarin use and the risk for gastroin-
testinal bleeding and the composite bleeding/death outcome, 
respectively.

A major consideration in the comparison of our study 
results for stroke and bleeding risk with previous studies is 
the heterogeneity in stroke and bleeding definitions across 
the different studies.1,8,16,17 In our study, we included ischemic 
stroke, TIA, and retinal infarct in the stroke definition and 
excluded intracerebral hemorrhages. Contrary to the com-
posite stroke/death and bleeding/death outcomes in previous 
studies,1,8,17 we did not include death in our stroke and bleed-
ing definitions.

Our study has a number of strengths. Our large sample size 
allowed us to study the association between warfarin use and 
the risk for stroke and bleeding in the AF cohort. Unlike other 
studies, we attempted to reduce concerns about statistical over-
fitting46 and included only the most relevant covariates in the 
adjusted analyses. Finally, the information available within the 
large Quebec and Ontario healthcare databases reflects routine 
clinical practice in Canada and may be less prone to participa-
tion biases that can arise in other types of studies.47

There are some limitations to our study. First, biases attrib-
utable to residual confounding from unknown or unmeasured 
confounders and also confounding by indication are well 
described in observational studies on drug effects.48,49 To over-
come confounding bias, we adjusted for most appropriate 
covariates that may confound the association between warfa-
rin use and the study outcomes, and we also performed sen-
sitivity analyses by using the propensity score approach.39,50 
However, we still cannot rule out residual confounding.48 
Second, our health administrative databases do not contain 
information on international normalized ratio levels or hepa-
rin use during dialysis procedures, and, therefore, we could 
not account for these variables in the adjusted analyses. Third, 
the accuracy of database codes for patients’ related health 
information is a known concern in observational studies based 
on health administrative databases. In an attempt to limit this 
concern, we used database codes with the best validation 
whenever possible.

In summary, current and previous observational studies on 
warfarin use and the risk for stroke and bleeding in patients 
with AF undergoing dialysis failed to provide much evidence 
in favor of warfarin use, yet there was a signal for an increased 
bleeding risk.1,8,16,17 Recently, the Canadian Cardiovascular 
Society AF guidelines (2012) made a conditional recommen-
dation (on a low quality of evidence) that patients with AF 
undergoing dialysis should not routinely receive anticoagula-
tion treatment for the primary prevention of stroke.23 This is 
consistent with the recommendation from the Kidney Disease: 
Improving Global Outcomes.22 Nevertheless, with no evidence 
from randomized, controlled trials, there is a lack of strong 
recommendations for anticoagulation management guidelines 
for this patient population.18–23 Because of the observational 
nature of our and previous studies, the study results may not be 
conclusive. We propose that a large multicenter randomized, 
controlled trial should be undertaken to clarify this issue and 
to guide AF management guideline bodies around the world.

Figure 2. Warfarin use and the risk for bleeding in patients with 
atrial fibrillation undergoing dialysis. Winkelmayer et al16 defined 
bleeding outcome as GI bleeding. Eleven percent (249/2313) 
of patients were receiving warfarin.16 Two hundred thirty-seven 
warfarin users were matched to 948 nonusers.16 Olesen et al1 
defined bleeding outcome as hospitalization or death from 
GI, intracranial, urinary tract, and air-way bleeding. Twenty 
percent (178/901) of patients were receiving warfarin only.1 Our 
study defined bleeding outcome as the first hospital admission 
or emergency department visit for intracerebral bleeding, GI 
bleeding, intraocular bleeding, hematuria, and unspecified 
location of bleeding at any point during the follow-up period. 
 Forty-six percent (756/1626) of patients were receiving warfarin. 
GI indicates gastrointestinal; HR, hazard ratio; LCL, lower 
confidence limit; and UCL, upper confidence limit.

Figure 1. Warfarin use and the risk for stroke in patients with 
atrial fibrillation undergoing dialysis. Chan et al8 defined stroke 
outcome as hospitalization or death from ischemic stroke, 
hemorrhagic stroke, or TIA. Forty-five percent (747/1671) of 
patients were receiving warfarin.8 Wizemann et al17 defined 
stroke outcome as hospitalization or death from stroke or 
cerebrovascular event. Fifteen percent (146/1001) patients, 17% 
(192/1137) patients, and 15% (171/1107) patients in age groups 
≤65 years, 66 to 75 years, and >75 years were receiving warfarin, 
respectively.17 Winkelmayer et al16 defined stroke outcome as 
ischemic or hemorrhagic stroke. Eleven percent (249/2313) of 
patients were receiving warfarin.16 Two hundred thirty-seven 
warfarin users were matched to 948 nonusers.16 Olesen et al1 
defined stroke outcome as hospitalization or death from stroke 
or systemic thromboembolism (ischemic stroke, peripheral artery 
embolism, and TIA). Twenty percent (178/901) of patients were 
receiving warfarin only.1 Our study defined stroke as the first 
hospital admission or emergency department visit for ischemic 
cerebrovascular disease, TIA, or retinal infarct at any point during 
the follow-up period. Forty-six percent (756/1626) of patients 
were receiving warfarin. HR indicates hazard ratio; LCL, lower 
confidence limit; TIA, transient ischemic attack; and UCL, upper 
confidence limit. 
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patients undergoing dialysis could explain the reason for the 
decreased risk of stroke with warfarin use in the study by 
Olesen et al.1,43

Contrary to our results of increased bleeding risk in dialy-
sis patients, Winkelmayer et al16 and Olesen et al1 observed 
no association between warfarin use and the risk for gastroin-
testinal bleeding and the composite bleeding/death outcome, 
respectively.

A major consideration in the comparison of our study 
results for stroke and bleeding risk with previous studies is 
the heterogeneity in stroke and bleeding definitions across 
the different studies.1,8,16,17 In our study, we included ischemic 
stroke, TIA, and retinal infarct in the stroke definition and 
excluded intracerebral hemorrhages. Contrary to the com-
posite stroke/death and bleeding/death outcomes in previous 
studies,1,8,17 we did not include death in our stroke and bleed-
ing definitions.

Our study has a number of strengths. Our large sample size 
allowed us to study the association between warfarin use and 
the risk for stroke and bleeding in the AF cohort. Unlike other 
studies, we attempted to reduce concerns about statistical over-
fitting46 and included only the most relevant covariates in the 
adjusted analyses. Finally, the information available within the 
large Quebec and Ontario healthcare databases reflects routine 
clinical practice in Canada and may be less prone to participa-
tion biases that can arise in other types of studies.47

There are some limitations to our study. First, biases attrib-
utable to residual confounding from unknown or unmeasured 
confounders and also confounding by indication are well 
described in observational studies on drug effects.48,49 To over-
come confounding bias, we adjusted for most appropriate 
covariates that may confound the association between warfa-
rin use and the study outcomes, and we also performed sen-
sitivity analyses by using the propensity score approach.39,50 
However, we still cannot rule out residual confounding.48 
Second, our health administrative databases do not contain 
information on international normalized ratio levels or hepa-
rin use during dialysis procedures, and, therefore, we could 
not account for these variables in the adjusted analyses. Third, 
the accuracy of database codes for patients’ related health 
information is a known concern in observational studies based 
on health administrative databases. In an attempt to limit this 
concern, we used database codes with the best validation 
whenever possible.

In summary, current and previous observational studies on 
warfarin use and the risk for stroke and bleeding in patients 
with AF undergoing dialysis failed to provide much evidence 
in favor of warfarin use, yet there was a signal for an increased 
bleeding risk.1,8,16,17 Recently, the Canadian Cardiovascular 
Society AF guidelines (2012) made a conditional recommen-
dation (on a low quality of evidence) that patients with AF 
undergoing dialysis should not routinely receive anticoagula-
tion treatment for the primary prevention of stroke.23 This is 
consistent with the recommendation from the Kidney Disease: 
Improving Global Outcomes.22 Nevertheless, with no evidence 
from randomized, controlled trials, there is a lack of strong 
recommendations for anticoagulation management guidelines 
for this patient population.18–23 Because of the observational 
nature of our and previous studies, the study results may not be 
conclusive. We propose that a large multicenter randomized, 
controlled trial should be undertaken to clarify this issue and 
to guide AF management guideline bodies around the world.

Figure 2. Warfarin use and the risk for bleeding in patients with 
atrial fibrillation undergoing dialysis. Winkelmayer et al16 defined 
bleeding outcome as GI bleeding. Eleven percent (249/2313) 
of patients were receiving warfarin.16 Two hundred thirty-seven 
warfarin users were matched to 948 nonusers.16 Olesen et al1 
defined bleeding outcome as hospitalization or death from 
GI, intracranial, urinary tract, and air-way bleeding. Twenty 
percent (178/901) of patients were receiving warfarin only.1 Our 
study defined bleeding outcome as the first hospital admission 
or emergency department visit for intracerebral bleeding, GI 
bleeding, intraocular bleeding, hematuria, and unspecified 
location of bleeding at any point during the follow-up period. 
 Forty-six percent (756/1626) of patients were receiving warfarin. 
GI indicates gastrointestinal; HR, hazard ratio; LCL, lower 
confidence limit; and UCL, upper confidence limit.

Figure 1. Warfarin use and the risk for stroke in patients with 
atrial fibrillation undergoing dialysis. Chan et al8 defined stroke 
outcome as hospitalization or death from ischemic stroke, 
hemorrhagic stroke, or TIA. Forty-five percent (747/1671) of 
patients were receiving warfarin.8 Wizemann et al17 defined 
stroke outcome as hospitalization or death from stroke or 
cerebrovascular event. Fifteen percent (146/1001) patients, 17% 
(192/1137) patients, and 15% (171/1107) patients in age groups 
≤65 years, 66 to 75 years, and >75 years were receiving warfarin, 
respectively.17 Winkelmayer et al16 defined stroke outcome as 
ischemic or hemorrhagic stroke. Eleven percent (249/2313) of 
patients were receiving warfarin.16 Two hundred thirty-seven 
warfarin users were matched to 948 nonusers.16 Olesen et al1 
defined stroke outcome as hospitalization or death from stroke 
or systemic thromboembolism (ischemic stroke, peripheral artery 
embolism, and TIA). Twenty percent (178/901) of patients were 
receiving warfarin only.1 Our study defined stroke as the first 
hospital admission or emergency department visit for ischemic 
cerebrovascular disease, TIA, or retinal infarct at any point during 
the follow-up period. Forty-six percent (756/1626) of patients 
were receiving warfarin. HR indicates hazard ratio; LCL, lower 
confidence limit; TIA, transient ischemic attack; and UCL, upper 
confidence limit. 
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Abstract

Background We conducted a multicenter prospective

cohort study to assess the safety of warfarin therapy in

Japanese hemodialysis (HD) patients.

Methods Chronic HD patients on warfarin therapy (war-

farin users) were recruited from 111 HD centers in Japan.

Two dialysis-vintage-matched warfarin non-users (non-

users) were selected from the same HD center as each

warfarin user. Clinical data were collected upon registra-

tion and every 12 months thereafter for up to 36 months.

Results The final cohort consisted of 365 warfarin users

and 692 non-users and was followed for an average of

27.7 months. The mean age of warfarin users

(68.8 ± 10.6 years) was significantly higher than that of

non-users (66.9 ± 11.0 years, p\ 0.001). The analyses by

multivariate Cox proportional-hazard models showed that

the age [hazard ratio (HR) = 1.07 for each 1-year increase,

95 % confidence interval (CI) 1.05–1.08, p\ 0.001] was

significantly associated with the death from any cause, but

warfarin use (1.08, CI 0.75–1.57, p = 0.68) was not when

being adjusted for sex, diabetes mellitus, antiplatelet use,

and atrial fibrillation. The risk of composite events, which

included death from any cause, stroke, cardiovascular

disease, and peripheral arterial disease, was also associated

with age but was not associated with warfarin use.

Conclusion The results of this study suggested that war-

farin use by HD patients might not be harmful in chronic

state, while the safety for the initiation of warfarin therapy

in HD patients remained to be determined.

Keywords Anticoagulation � Hemodialysis �
Cardiovascular disease � Calciphylaxis � Atrial fibrillation

Introduction

Chronic hemodialysis (HD) patients are at increased risk of

cardiovascular disease and stroke [1, 2]. Atrial fibrillation

(AF) is associated with increased mortality, increased

incidence of stroke, and increased incidence of throm-

boembolism in patients with chronic kidney disease [3–10].

It is well established that coumarins and newer anticoagu-

lant drugs improve the outcome of AF patients without

chronic kidney disease (CKD) [11, 12]. However, several

observational studies have reported that warfarin may

increase mortality and the incidence of stroke in HD

patients irrespective of whether they have AF, suggesting

that warfarin use by HD patients may be hazardous [6, 13–

16]. Furthermore, Shah et al. reported that warfarin therapy

did not reduce stroke risk, but increased the risk of internal

bleeding [17]. Olesen et al., on the other hand, reported

finding that non-valvular AF patients on renal replacement

therapy were at higher risk of stroke and systemic
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Table 3 shows the results obtained by using multivariate

Cox regression models for risk of death from any cause.

The results for all of the patients as a whole showed a

significant association between death from any cause and

age but not between death from any cause and warfarin;

however, antiplatelet use was also significantly associated

with death from any cause.

The results for composite events, which include death

from any cause, stroke, cardiovascular disease, and

peripheral arterial disease, are shown in Table 3. The

results of the multivariate Cox analysis showed that dia-

betes as well as age and antiplatelet use were significantly

associated with the composite events.

In contrast to the results of the Cox analysis for death

from any cause and composite events, warfarin use was

associated with the internal bleeding (Table 3). Age was

also associated with the risk of internal bleeding.

The results of the multivariate Cox analysis for stroke are

shown in Table 4. The results for all of the patients as a

whole showed that antiplatelet drug as well as age was

Table 2 Incident rates of the

patients as a whole and of

individual groups of patients

Number of

person years

Number

of events

Incidence rate per 100

person years (95 % CI)

Death

All patients 2444 206 8.4 (7.3–9.6)

Warfarin users 826 86 10.4 (8.2–12.6)

Warfarin non-users 1618 120 7.4 (6.1–8.7)

Stroke

All patients 2375 66 2.8 (2.1–3.5)

Warfarin users 807 23 2.9 (1.7–4.0)

Warfarin non-users 1568 43 2.7 (1.9–3.6)

Cardiovascular disease

All patients 2224 167 7.5 (6.4–8.7)

Warfarin users 759 59 7.8 (5.8–9.8)

Warfarin non-users 1465 108 7.4 (6.0–8.8)

Peripheral arterial disease

All patients 2337 69 3.0 (2.3–3.7)

Warfarin users 759 40 5.3 (3.6–6.9)

Warfarin non-users 1578 29 1.8 (1.2–2.5)

Composite events

All patients 2123 383 18.0 (16.2–19.8)

Warfarin users 698 157 22.5 (19.0–26.0)

Warfarin non-users 1425 226 15.8 (13.7–17.9)

Internal bleeding

All patients 2311 114 4.9 (4.0–5.8)

Warfarin users 758 60 7.9 (5.9–9.9)

Warfarin non-users 1553 54 3.5 (2.6–4.4)

CI confidence interval

Table 3 Hazard ratios for death

from any cause, composite

events, and internal bleeding

calculated by multivariate Cox

analyses in all of the patients as

a whole

Death from any cause Composite events Internal bleeding

HR 95 % CI p HR 95 % CI p HR 95 % CI p

Warfarin 1.08 (0.75–1.57) 0.68 1.13 (0.87–1.48) 0.36 2.55 (1.66–3.90) <0.001

Age (year) 1.07 (1.05–1.08) <0.001 1.04 (1.02–1.06) <0.001 1.02 (1.01–1.04) 0.01

Male sex 0.88 (0.66–1.17) 0.36 1.00 (0.81–1.24) 0.99 0.91 (0.62–1.34) 0.63

Diabetes 1.13 (0.84–1.52) 0.41 1.34 (1.08–1.66) 0.007 0.78 (0.51–1.19) 0.30

Antiplatelet drug 1.36 (1.03–1.80) 0.03 1.4 7 (1.20–1.80) <0.001 1.40 (0.97–2.03) 0.08

AF 1.34 (0.89–2.02) 0.16 1.28 (0.95–1.73) 0.11 0.66 (0.40–1.10) 0.11

Bold letters indicate statistically significant items

HR hazard ratio, CI confidence interval, AF atrial fibrillation
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significantly associated with the stroke, too. The multivari-

ate Cox analysis was performed for ischemic stroke (45

cases in total) and hemorrhagic stroke (21 cases in total),

separately. The results showed a significant association

between risk of ischemic stroke and age (HR 1.04, 95 % CI

1.01–1.08, p = 0.01) but not between risk of ischemic

stroke and AF, while antiplatelet use showed significant

association with risk of ischemic stroke (HR 4.21, 95 % CI

2.12–8.35, p\ 0.001). It is unlikely, however, that anti-

platelet therapy itself induced ischemic stroke. On the con-

trary, it seems likely that patient who had higher risk for

ischemic stroke had received antiplatelet drugs, and there-

fore an association between antiplatelet use and outcomes

cannot be interpreted as a causality. On the other hand, none

of the risk factors showed a significant association for

hemorrhagic stroke (data not shown).

The results of the multivariate Cox analysis for cardio-

vascular disease showed a similar finding to the results for

composite events and that diabetes as well as age and

antiplatelet use was significantly associated with the risk

for cardiovascular disease. On the other hand, risk of

peripheral artery disease was significantly associated with

warfarin but not antiplatelet drug or age, although diabetes

and AF were also significantly associated with risk of

peripheral artery disease.

An additional multivariate Cox regression analysis was

also performed to assess the effect of the PT-INR in war-

farin users, since mean value of PT-INR upon registration

was relatively low, while it was within therapeutic range

recommended by the Japanese Circulation Society [20]. As

shown in Table 5, higher PT-INR values in the third and

fourth quartile were not significantly associated with the

increases in death from any cause, composite events, and

internal bleeding. In this analysis, age and history of dia-

betes mellitus were significantly associated with death

from any cause and composite events.

Table 4 Hazard ratios for

stroke, cardiovascular disease,

and peripheral artery disease

according to multivariate Cox

analyses in all of the patients as

a whole

Stroke Cardiovascular disease Peripheral artery disease

HR (95 % CI) p HR (95 % CI) p HR (95 % CI) p

Warfarin 0.64 (0.32–1.28) 0.21 1.07 (0.72–1.59) 0.74 1.94 (1.03–3.64) 0.04

Age (year) 1.03 (1.00–1.06) 0.03 1.02 (1.00–1.04) 0.02 1.01 (0.99–1.04) 0.34

Male sex 0.92 (0.55–1.53) 0.75 1.12 (0.80–1.56) 0.51 0.96 (0.57–1.65) 0.90

Diabetes 0.89 (0.52–1.52) 0.67 1.41 (1.03–1.94) 0.03 2.78 (1.72–4.50) <0.001

Antiplatelet drug 2.73 (1.63–4.57) <0.001 1.42 (1.05–1.94) 0.03 1.28 (0.79–2.07) 0.32

AF 1.87 (0.87–4.03) 0.11 0.85 (0.52–1.38) 0.51 1.96 (1.04–3.71) 0.04

Bold letters indicate statistically significant items

HR hazard ratio, CI confidence interval, AF atrial fibrillation

Table 5 Hazard ratios for death from any cause, composite events, and internal bleeding according to multivariate Cox analyses in warfarin

users divided by quartile of PT-INR values upon registration

Death from any cause Composite events Internal bleeding

HR 95 % CI p HR 95 % CI p HR 95 % CI p

Age (year) 1.06 (1.03–1.09) <0.0001 1.03 (1.01–1.05) 0.003 1.03 (0.99–1.06) 0.07

Male sex 0.79 (0.50–1.27) 0.33 0.945 (0.66–1.35) 0.76 0.72 (0.42–1.23) 0.22

Diabetes 1.66 (1.03–2.66) 0.04 1.66 (1.18–2.34) 0.004 0.91 (0.49–1.68) 0.76

Antiplatelet drug 1.16 (0.75–1.79) 0.51 1.22 (0.89–1.69) 0.22 1.15 (0.69–1.92) 0.60

AF 1.28 (0.82–2.01) 0.27 1.25 (0.90–1.74) 0.18 0.70 (0.41–1.18) 0.18

PT-INR quartile 0.35 0.96 0.07

1st quartile, N = 89 (B1.42) 1.00 1.00 1.00

2nd quartile, N = 90 (1.43–1.76) 1.67 (0.91–3.08) 0.10 1.02 (0.66–1.57) 0.94 2.74 (1.25–6.00) 0.01

3rd quartile, N = 92, (1.77–2.09) 1.28 (0.67–2.47) 0.46 0.91 (0.58–1.44) 0.70 2.08 (0.92–4.79) 0.08

4th quartile, N = 92 (2.10B) 1.60 (0.85–3.03) 0.15 1.02 (0.66–1.60) 0.92 1.57 (0.67–3.70) 0.30

Hazard ratio (HR) for the 1st quartile was calculated. p values for trend were not significant in all events. PT-INR values were not reported in 2

cases of warfarin users upon registration

Bold letters indicate statistically significant items

CI confidence interval, AF atrial fibrillation, N number of patients
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SUMMARY AT A GLANCE

This paper provides a timely analysis of the

use of warfarin for AF in dialysis patients,

based on a decision analysis approach. For

older patients, it suggests that warfarin

may not always be the most appropriate

therapy.

ABSTRACT:

Background: Optimal treatment of atrial fibrillation (AF) in the haemodialy-
sis population is uncertain due to the exclusion of this group from
randomized trials. The risk-benefit profile for anticoagulation and anti-
platelet therapy in haemodialysis differs from the general population due to
platelet dysfunction from uraemia, altered pharmacokinetics and increased
falls risk.
Methods: This decision analysis used a Markov-state transition model that
took a patient perspective over a 5 year timeframe. The Markov model
compared life-years gained and quality-adjusted life-years gained (QALY)
for three AF treatment strategies: warfarin, aspirin and no treatment. The
base case was a 70-year-old man on haemodialysis with non-valvular AF.
Results: In the base case, the total health outcomes in life-years and QALY
were 2.37 and 1.47 respectively for warfarin, 2.38 and 1.61 respectively for
aspirin, and 2.39 and 1.61 respectively for no treatment. Thus, warfarin led
to 0.14 fewer QALY or 1.7 fewer months of life lived in full health, compared
with either aspirin or no therapy. The finding that warfarin generated the
lowest expected QALY was robust to one-way, two-way and probabilistic
sensitivity analyses.
Conclusions: Our results suggest that warfarin should not be the default
choice for older haemodialysis patients with non-valvular AF as it provides
the fewest QALY compared with aspirin or no therapy.

INTRODUCTION

Atrial fibrillation (AF) is relatively common among mainte-
nance haemodialysis patients with most studies reporting a
prevalence of between 12% and 17%.1–6 Haemodialysis
patients with AF are at increased risk of ischemic stroke,
thromboembolism, hospitalization and premature death as
compared with those without AF.7–10

The decision to anti-coagulate or use anti-platelet therapy
in a patient with AF requires consideration of potential
harms versus benefits. Such harms and benefits have been
established for the general population through multiple large
randomized controlled trials (RCT).11–13 These data have been
used to power predictive scores, the CHADS2 (Cardiac
failure, Hypertension, Age, Diabetes and Stroke) and more
recently the CHA2DS2-VASc (Cardiac failure, Hypertension,
Age, Diabetes, Stroke, Vascular disease and gender) scores,

which use patient risk factors to estimate stroke risk and
guide treatment decisions in the general population.14,15

Patients with impaired kidney function were excluded from
these trials, and it is not certain whether or not their findings
are applicable to the haemodialysis population. Haemodialy-
sis patients have a different harm-benefit profile for anti-
coagulation and anti-platelet agents from the general
population due to factors including platelet dysfunction from
uraemia, altered pharmacokinetics and increased falls
risk.16,17 There are also concerns that the use of warfarin in
haemodialysis patients may increase vascular calcification
and hence, ischemic stroke risk.16,18 Although there are new
oral anticoagulants on the market, none of these are
approved for use in dialysis patients and so are not examined
in this paper.19

No RCT of anti-coagulation or anti-platelet interven-
tions in haemodialysis patients with AF have been
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warfarin is protective against ischemic stroke, while Chan
and colleagues have found that warfarin is not protective and
may actually increase the risk of ischemic stroke.21,26,31 When
these results are combined in meta-analysis the overall
finding is that warfarin is mildly protective with a relative
risk of ischemic stroke of 0.94, but that finding is not statis-
tically significant with a 95% CI of 0.72–1.22. Aspirin
has been found to be similarly protective to warfarin in
haemodialysis patients with a relative risk of ischemic stroke
from meta-analysis of 0.92, although again the confidence
interval spans from a protective 0.67 to a risk increasing
1.26.21,26,31

Unlike ischemic stroke, there is little disagreement about
the effect of warfarin on haemorrhagic stroke risk. Haemor-
rhagic stroke was 2.31 times more likely for warfarin users
(95% CI: 1.35, 3.94)..21,26 Our base case assumption for the
model is that aspirin use does not impact haemorrhagic
stroke risk. Our tested range for aspirin was from a relative
risk of 0.50 (that aspirin halves the risk of haemorrhagic
stroke) to a relative risk of 2.00 (that aspirin doubles the risk
of haemorrhagic stroke).

The risk of major bleeding used in our analysis is drawn
from work done by Olesen and colleagues and Holden and
colleagues.25,26 Both found higher rates of bleeding for aspirin
than for warfarin, although the differences were not statis-
tically significant. Olesen and colleagues found a hazard ratio
for bleeding of 1.27 (95% CI 0.91, 1.77) for warfarin and
1.63 (95% CI: 1.18, 2.26) for aspirin.26 Holden and col-
leagues found that the annual bleeding risk was 3.1% for
warfarin users and 4.4% for aspirin users.25 Because the true
bleeding risk is not clear, we used the Olesen estimates as our
point estimates and tested aspirin and warfarin over the
range of 1–10 times increased risk of bleeding.

The relative risk of death from causes other than stroke or
bleeding was not impacted by the use of aspirin or warfarin.21

The utilities used in the model are presented in Table 2 and
were drawn from the literature.

Base case analysis

The mean life expectancy of a 70-year-old man on haemo-
dialysis and with AF was 9.47 cycles (2.37 years) treated with
warfarin, 9.53 cycles (2.38 years) with aspirin, and 9.54
cycles (2.39 years) with no therapy. Incorporating quality of
life led to a mean QALY of 5.89 cycles (1.47 years) treated
with warfarin, 6.43 cycles (1.61 years) with aspirin, and 6.46
cycles (1.61 years) with no therapy. Thus, warfarin led to
0.14 fewer QALY or 1.7 fewer months of life lived in full
health, compared with either aspirin or no therapy (Table 3).

One-way sensitivity analyses

The base case was robust across a range of values for baseline
risk of ischemic stroke (Fig. 2). The base case was only sen-
sitive to the relative risk of death from other (non-stroke,
non-bleed) causes. Aspirin becomes the preferred treatment
option when the relative risk of death from other causes is
below 1.00 for both life-years or QALY (compared with no
therapy). Warfarin becomes the preferred treatment option
when the relative risk of death from other causes is below
0.99 for life-years or 0.82 for QALY (compared with no
therapy; Table 4).

Two-way sensitivity analyses

‘No therapy’ was the preferred treatment strategy under all
scenarios.

Table 2 Utilities

Utilities Base case Low High Utility elicitation

instrument/technique

Population utility measured in Sources

Utility of haemodialysis patients 0.69 0.59 0.80 Meta-analysis.

Multiple instruments

Haemodialysis patients 37

Disutility from AF 0 −0.15 0 SF-36 Outpatients with AF 38,39

Disutility from taking warfarin −0.05 −0.06 −0.01 SG, TTO Community-based patients with AF 40,41

Disutility from taking aspirin −0.002 −0.006 0 TTO Community-based patients with AF 40

Disutility from minor disability

following a stroke

−0.24 −0.42 −0.05 SG, TTO, Euro-QoL Stroke patients 41–45

Disutility from severe disability

following a stroke

−0.62 −0.81 −0.44 SG, TTO, Euro-QoL Stroke patients 42–45

Disutility from surviving a major bleed 0.16 0.08† 0.32† SG Community-based patients with AF 41

Death 0 0 0 Definitional

†Estimates where a broad range of probabilities were not available in the literature. Estimates are for half the base case for the low end and double the base case

for the high end.

AF, atrial fibrillation; QoL, quality of life; SG, standard gamble; TTO, time trade-off.

Table 3 Life expectancy and quality-adjusted life expectancy for each of the

four treatment options

AF treatment Life expectancy

(years)†

Incremental

life expectancy

QALY† Incremental

QALY

No therapy 2.39 1.61

Aspirin 2.38 −0.01 1.61 0.00

Warfarin 2.37 −0.02 1.47 −0.14

†All outcomes are discounted.
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Probabilistic sensitivity analyses

The mean life expectancy for the base case via probabilistic
sensitivity analysis was 2.39 years for no therapy, 2.38 years
for aspirin and 2.37 years for warfarin. For the outcome of
life expectancy 67% of simulations favoured no treatment,
33% of simulations favoured aspirin and 0% of simulations
favoured warfarin. The mean QALY for the probabilistic sen-
sitivity analysis were 1.61 years for no therapy, 1.61 years
for aspirin and 1.47 years for warfarin. For the outcome
of quality-adjusted life expectancy, 62% of simulations
favoured no treatment, 38% of simulations favoured aspirin
and 0% of simulations favoured warfarin. In summary, in
100% of simulations for survival and 100% of simulations
for QALY, warfarin was not the preferred treatment choice
for AF in haemodialysis patients given the current evidence
base.

DISCUSSION

We found that for our base case patient, a 70-year-old male
haemodialysis patient with AF, there was no difference in life
expectancy between warfarin, aspirin and no treatment but
that warfarin provided 1.7 fewer months lived in full health.
The one-way, two-way and probabilistic sensitivity analyses
did not alter the base case findings.

Our results suggest that the decision to use warfarin in a
haemodialysis patient with AF should be considered very
carefully. This finding is supported by a recent systematic
review and meta-analysis performed by Zimmerman and
colleagues, which concluded that the majority of studies do
not support a protective effect of warfarin in patients with
both ESKD and AF.10 Our base case patient was a 70-year-old
man with non-valvular AF. This reflects the mean age of
patients in the studies we reviewed as well as the most
common type of AF.46 For patients that resemble our base
case, warfarin may not be the preferred treatment option.
We note that the difference between each treatment option,
warfarin, aspirin and no therapy is small and is overshad-
owed by the poor prognosis of these patients regardless of
anti-coagulation/anti-platelet therapy. We caution that our
findings may not be applicable to patients that differ signifi-
cantly from this base case, for example, those who are much
younger or have valvular AF. Analysis of such patients was
not possible due to lack of evidence on their outcomes in the
literature.

A decision analysis has been previously conducted by
Quinn et al.47 They found that warfarin produced an addi-
tional 0.1 years of life expectancy and an additional 0.09
QALY versus no therapy and was superior to both no therapy
and aspirin.47 Since this publication, a number of important
studies have reported stroke and bleeding rates in haemodi-

Fig. 2 Gains in quality-adjusted life-years com-

pared with no treatment by baseline risk of

ischaemic stroke.

Table 4 Influential variables from one-way sensitivity analyses

Variable Threshold Comments

Relative risk of death

from other causes

while treated with

warfarin

0.99 LY Warfarin is the preferred treatment

option when the relative risk of

death from causes unrelated to

stroke or bleeding is below 0.99

for life-years or 0.82 for QALY

(compared with no therapy)

0.82 QALY

Relative risk of death

from other causes

while treated with

aspirin

1.00 LY Aspirin is the preferred treatment

option when the relative risk of

death from causes unrelated to

stroke or bleeding is below 1.00 for

both life-years and QALY (compared

with no therapy)

1.00 QALY

LY, life-year; QALY, quality-adjusted life-year.
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The Intersection of Risk and Benefit
Is Warfarin Anticoagulation Suitable for Atrial
Fibrillation in Patients on Hemodialysis?

Manish M. Sood, MD; Paul Komenda, MD, MHA, CHE; Amy R. Sood, PharmD;
Claudio Rigatto, MD, MSc; and Joe Bueti, MD

The risks and benefits of anticoagulation for stroke prevention with atrial fibrillation is clearly
delineated in the general population. Little evidence exists for patients with end-stage renal
disease (ESRD) about whether the extrapolation of these guidelines is appropriate. In patients
with ESRD who are undergoing hemodialysis, the rates for both stroke and bleeding are 3 to 10
times higher than that for the general population. Furthermore, the proportion of hemorrhagic
to ischemic strokes has increased, making the decision of whether to initiate anticoagulation
problematic. In this commentary, we discuss the existing literature for stroke in atrial fibrillation,
stroke type, risk reduction with anticoagulation, and bleeding risks in the hemodialysis popula-
tion. We comment on validated risk stratification models of stroke prevention and bleeding and
their applicability to patients undergoing hemodialysis. Finally, we recommend treatment
strategies that are based on the existing state of knowledge. (CHEST 2009; 136:1128–1133)

Abbreviations: CHADS2 � cardiac failure, hypertension, age, diabetes mellitus, and stroke scoring system; ESRD � end-
stage renal disease; OAC � oral anticoagulation; ORBI � outpatient risk of bleeding index

W hat is an acceptable risk? The quagmire of atrial
fibrillation, stroke prevention, anticoagulation,

and bleeding in patients with end-stage renal disease
(ESRD) relies heavily on balancing risk and benefit
in the face of unclear direct evidence. Atrial fibrilla-
tion in patients with ESRD who are receiving hemo-
dialysis is common, and the optimal strategy for its
management remains unknown.1,2 Based on extrap-
olation of guidelines established from general popu-
lations studies,3 the current practice is to favor
warfarin anticoagulation therapy to prevent throm-
boembolic events, particularly stroke. Whether these

guidelines for anticoagulation apply to patients with
ESRD who are receiving hemodialysis has not been
established. Patients with ESRD who are receiving
hemodialysis are at increased risk of both cerebro-
vascular and bleeding events.4,5 The decision to
initiate warfarin therapy, therefore, requires a care-
ful assessment of the risk/benefit ratio. Based on a
review of the existing published literature, we ex-
plore in this commentary whether warfarin therapy is
suitable for stroke prevention in patients with atrial
fibrillation who are undergoing hemodialysis.

We conducted a literature search of Medline
through Ovid (1966 to January 2009) and of EMBASE
through Ovid (1980 to January 2009). The Medical
Subject Heading terms “atrial fibrillation,” “warfarin,”
and “bleeding” were combined with “end-stage renal
disease,” “dialysis,” and “kidney failure.” Studies that
assessed warfarin use in patients undergoing hemodi-
alysis with a target international normalized ratio of 2 to
3 were included for review.

Prevention of thromboembolic events, particularly
stroke in patients with atrial fibrillation from the
general population, is associated with substantial
reduction in morbidity and mortality.3 A number
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vascular and bleeding events.4,5 The decision to
initiate warfarin therapy, therefore, requires a care-
ful assessment of the risk/benefit ratio. Based on a
review of the existing published literature, we ex-
plore in this commentary whether warfarin therapy is
suitable for stroke prevention in patients with atrial
fibrillation who are undergoing hemodialysis.

We conducted a literature search of Medline
through Ovid (1966 to January 2009) and of EMBASE
through Ovid (1980 to January 2009). The Medical
Subject Heading terms “atrial fibrillation,” “warfarin,”
and “bleeding” were combined with “end-stage renal
disease,” “dialysis,” and “kidney failure.” Studies that
assessed warfarin use in patients undergoing hemodi-
alysis with a target international normalized ratio of 2 to
3 were included for review.

Prevention of thromboembolic events, particularly
stroke in patients with atrial fibrillation from the
general population, is associated with substantial
reduction in morbidity and mortality.3 A number
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risk-benefit models exist for the general population,
the largest of which are the cardiac failure, hyper-
tension, age, diabetes mellitus, and stroke scoring
system (CHADS2) for the prediction of annual
stroke risk with atrial fibrillation and the outpa-
tient risk of bleeding index (ORBI).10,11 Aside
from the CHADS2, numerous other risk stratifica-
tion schemes32–35 have been developed, with the risk
factors of age, prior stroke, hypertension, and diabe-
tes mellitus being the most predictive. No studies
have included declines in renal function as predic-
tors of future stroke. Considerable discrepancy exists
among the schemes, with two recent studies33,36

finding patients categorized as high risk ranging from
16.4 to 89.4% and low risk ranging from 9 to 49%,
depending on the scheme used. Lo et al37 has
proposed extrapolation of these risk scores despite a
lack of validation in the ESRD population. For
example, the ORBI scores 1 point each for anemia
and creatinine levels � 133 �mol, which would
mean that the majority of patients with ESRD have
a minimum score of 2, placing them in the middle
risk category of bleeding (8% annual bleeding risk).
Using the annual bleeding rates from the systematic
review by Elliott et al,24 the ORBI can be crudely
modified to be more applicable to the ESRD popu-
lation (Table 2). If the minimum score obtainable by
a patient with ESRD is 2, then the approximate
annual bleeding risk is 32%, far exceeding the 8%
per year rate in the general population. Although
crude, this modification to the ORBI significantly
increases the risk profile of bleeding and is based on
the most applicable evidence available to date.

The paradigm of risk stratification in this popula-
tion must consider the high mortality rate and
comorbid conditions in the hemodialysis population.
For example, cardiovascular mortality is 30 to 500%
higher in the ESRD population based on age, and
the estimated life expectancy of a patient between 65
and 69 years of age who is receiving hemodialysis is
roughly 4 years, decreasing to 2.5 years for patients
who are � 80 years of age.38,39 According to the US
Renal Data System 2008 report,40 the average age of
an incident dialysis patient is 64.4 years, with the
fastest growing population being those � 75 years of
age (65% rate increase since 2000). Factors predic-
tive of increased bleeding, such as diabetes mellitus
(44.8%) and hypertension (27%), are the most com-
mon causes of ESRD. Vitamin K deficiency second-
ary to malnutrition, frequent antibiotic use, and
abnormal cholesterol metabolism may lead to fluc-
tuations in responsiveness to OAC.41 Finally, factors
such as quality of life, a wish for decreased medical
procedures and interventions, and decreased pill
burden may tip the decision in favor of not antico-
agulating.

As outlined, multiple competing factors are
present when attempting to risk stratify OAC use in
patients with ESRD who are undergoing hemodial-
ysis. If we are to extrapolate from the general
population, the majority of these patients would
receive anticoagulation therapy; but, is extrapolation
appropriate? Therapy with statins, BP reduction, and
renin-angiotensin system inhibitors have all failed to
reduce mortality in the dialysis population despite
evidence42–44 of considerable benefit in the general
population. Thus, the first step in management
involves determining an individual risk-benefit as-
sessment of whether to start OAC (Table 5). Con-
sideration of age, comorbidities, concomitant anti-
platelet use, bleeding and stroke history, and the
patient’s wishes must be weighed carefully. Numer-
ous factors favor the limited use of OAC in this
population, such as the high rate of hemorrhagic
stokes, the possibility that the majority of ischemic
strokes may be lacunar, the high bleeding risk, the
shortened lifespan of dialysis patients, and the in-
creased risk of vascular calcification. An approach
where OAC for stroke prevention in patients with
ESRD and atrial fibrillation who are undergoing
hemodialysis should be provided only in those per-
sons who are at high risk for stroke seems reasonable
based on the existing literature. Using this approach,
OAC then should be offered only to patients who
appear to have the highest stroke risk, such as those
with a CHADS2 score greater than a modified ORBI
score (difference � 2), patient preference, known
atrial thrombus, prosthetic heart valves, mitral ste-

Table 5—Suggested Risk Stratification for OAC Use in
Stroke Prevention in Patients With Persistent or
Paroxysmal Atrial Fibrillation on Hemodialysis

Risk Stratification Description

Favors OAC Age � 75 years and risk factors*;
Previous TIA or stroke;
Known atrial thrombus;
Patient preference;
CHADS2 score greater than or equal to the

ORBI score by 2 points;
Prosthetic heart valve; and
Mitral stenosis

Favors no OAC† Age � 65 years with no risk factors*;
Uncontrolled hypertension;
Concurrent antiplatelet agent use;
History of or active calciphylaxis;
Previous life-threatening hemorrhage;
Severe malnutrition;
Noncompliance; and
Frequent falls

*Risk factors include diabetes mellitus, hypertension, and congestive
heart failure.

†In patients not suitable for OAC, consider the use of antiplatelet
agents.
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