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Abstract: In spite of the substantial burden of atrial fibrillation and

associated elevated ischemic stroke risk in patients undergoing hemo-

dialysis, the role of warfarin in these high-risk patients remains uncer-

tain. Our objective was to clarify the association between warfarin use

and risk of stroke for patients with atrial fibrillation undergoing dialysis.

PubMed and Embase from January 1966 to January 2015 were

searched to identify relevant studies. Inclusion criteria were cohort

studies, patients with atrial fibrillation undergoing hemodialysis, and

reported quantitative estimates of the multivariate adjusted relative risk

(RR) and 95% confidence interval (CI) for future stroke associated with

warfarin use. We identified 8 studies, with a total of 9539 participants

and 706 stroke events. Three studies reported total stroke as primary

endpoint and other studies reported ischemic stroke as primary end-

point. Pooling the results showed that warfarin use was associated with

higher risk of any stroke (RR 1.50, 95% CI: 1.13–1.99). By stroke type,

warfarin was not significantly linked to risk of ischemic stroke (RR 1.01,

95% CI: 0.65–1.57, P¼ 0.97), but was related to greater hemorrhagic

stroke risk (RR 2.30, 95% CI: 1.62–3.27). Warfarin heightened overall

bleeding risk (RR 1.27, 95% CI: 1.03–1.56), but not death (RR 0.67,

95% CI: 0.37–1.21).
-Sik Hong, MD, P u, MS,
D, and Bruce Ovbiagele, MD, MS

(Medicine 95(6):e2741)

Abbreviations: CI = confidence interval, RR = relative risk.

INTRODUCTION

P atients undergoing hemodialysis are at elevated risk of both
ischemic and hemorrhagic stroke.1 Atrial fibrillation is the

most common cardiac source of embolism and is associated
with a 5-fold increased risk of stroke as compared with age-
matched controls.2,3 About 1% of adults in general population
have atrial fibrillation4 and among patients undergoing hemo-
dialysis, the prevalence of atrial fibrillation is estimated to be
7% to 20%.5 Studies also show that atrial fibrillation confers an
increased risk of ischemic stroke in hemodialysis patients.6,7

Anticoagulation therapies, such as warfarin, are recom-
mended in patients with atrial fibrillation to prevent ischemic
stroke.8,9 In spite of the substantial burden of atrial fibrillation
and associated elevated ischemic stroke risk in patients under-
going hemodialysis, the role of warfarin in these high-risk
patients remains uncertain. Hemodialysis patients have dys-
functional platelets and receive heparin during their dialysis
treatment, thus warfarin use in dialysis patients may confer
additional bleeding risk as compared to general population.10–12

Clinical trials testing the efficacy of anticoagulants for stroke
prevention have largely excluded patients receiving hemodia-
lysis. Thus it is not clear whether warfarin use is beneficial or
harmful for these patients.

We therefore carried out a systematic review and meta-
analysis of cohort studies to clarify the association of warfarin
use and risk of stroke for patients with atrial fibrillation
undergoing hemodialysis.

METHODS

Search Strategy
The search strategy was done according to the recommen-

dations of the Meta-analysis Of Observational Studies in Epi-
demiology (MOOSE) consensus group.13 Ethical review was
waived because this is a meta-analysis with the data extracted
from published articles. We searched PubMed (January 1966 to
January 3, 2014) and Embase (January 1966 to January 3, 2014),
using the following search strategy: ‘‘glomerular filtration rate’’
or ‘‘renal disease’’ or ‘‘kidney dysfunction’’ or ‘‘chronic kidney
disease’’ or ‘‘end stage renal disease’’ or ‘‘dialysis’’ and ‘‘war-
farin’’ or ‘‘coumadin’’ or ‘‘anticoagulant’’ or ‘‘vitamin K
antagonist’’ and ‘‘atrial fibrillation.’’ No search software was
used. Our search was limited to studies in humans. We focused
ed papers. No language restrictions were
or (ML) would be responsible for articles
nese while another investigator (KSH)
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studies enrolled only patients receiving hemodialysis,18,19,21–23,25

while 2 included patients receiving peritoneal dialysis (15.4%20

and 2%,24 respectively) and 1 included patients receiving kidney
would be responsible for articles published only in Korean.
Further information was retrieved through a manual search of
references from relevant published original studies and reviews.
We did not contact authors for further information.

Selection Criteria
Inclusion criteria were prospective or retrospective cohort

studies, patients with atrial fibrillation undergoing hemodialysis
at baseline, assessed stroke as an endpoint during the follow-up
period, intended follow-up of at least 1 year for all participants,
and reported estimates of the multivariate adjusted, or propen-
sity score matched, relative risk (RR) and 95% confidence
interval (CI) for future stroke associated with warfarin use.
Studies including small amounts (<20%) of patients receiving
peritoneal dialysis were included. We excluded studies that only
reported unadjusted RR.

Data Extraction
We extracted the following information about the studies:

study characteristics (first author’s name, publication year,
study country, population, follow-up years, number of partici-
pants, number of participants with warfarin use), participants’
characteristics (mean age, percentage of women, % of stroke
history at baseline), reported end points (total stroke, ischemic
stroke, hemorrhagic stroke, all-cause mortality, and bleeding),
duration of warfarin use and the time spent in therapeutic range,
duration of time spent on dialysis, diagnosis or definition of
atrial fibrillation, use of concomitant medications (eg, aspirin
and clopidogrel), neuroimaging mentioned as part of the stroke
event ascertainment process, and adjusted covariates included in
the models of analysis. Two investigators (ML and KSH)
independently search the database and extracted data from
eligible studies. Discrepancies were resolved by discussion
with a third investigator (BO) and by referencing the
original report.

Quality of Studies
Quality of studies was assessed with the following aspects:

prospective design, maintenance of comparable groups, adjust-
ment of CHADS2 scores or each CHADS2 component (con-
gestive heart failure, hypertension, age, diabetes mellitus, and
stroke), total stroke reported (not ischemic or fatal stroke only),
and generalizability to other populations. Studies were graded
as high quality if they met at least 3 of 5 criteria and low quality
if they met fewer than 3.

Outcome Measures
The primary outcome was the association of warfarin

therapy and risks of future stroke. Since some studies reported
total stroke (ischemic plus hemorrhagic) while others only
reported ischemic stroke as endpoints, the analyses were con-
ducted with stratification of the studies by endpoints (any stroke
vs ischemic stroke or thromboembolism). We did not pool
endpoints of ischemic stroke and total stroke together since
hemorrhagic stroke is a major concern in warfarin use among
atrial fibrillation patients undergoing hemodialysis. The sec-
ondary endpoints were the association of warfarin therapy and
risks of hemorrhagic stroke, death, and bleeding.

Lee et al
Data Synthesis
We combined log RR and standard errors using the inverse

variance approach. We used a random effect model for primary

2 | www.md-journal.com
analysis and a fixed effect model was also used for comparison.
Heterogeneity was assessed by P-value of x2 statistics and
I2.14,15 We regarded heterogeneity as high when I2 more than
75%.16 We performed a sensitivity analysis by removing each
study from the meta-analysis 1 at a time. Publication bias was
estimated by funnel plots.17 Reported P values were two sided,
with significance set at less than 0.05. We used RevMan 5.3 for
this meta-analysis.

RESULTS

Literature Search
A total of 2174 reports were initially screened in title and

abstract level, of which 39 were retrieved in full text for the
detailed assessment. Among the 39 articles, 27 were excluded
for not having appropriate RR and 95% CI for stroke or death
among atrial fibrillation patients undergoing hemodialysis, 12
for not using warfarin. Finally 8 cohort studies fulfilled our
prespecified inclusion criteria to be considered in our analysis
(Figure 1).18–25

Study Characteristics
Characteristics of the 8 included studies are shown in

Table 1 and Supplemental Table 1. The total number of
participants included in this meta-analysis was 9539 atrial
fibrillation patients undergoing hemodialysis with 706 stroke
events. The studies varied with regard to a stroke endpoint.
Three studies reported total stroke endpoint,18,22,23 3 studies
reported ischemic stroke endpoint,18,22,25 2 studies reported
ischemic stroke or thromboembolism (eg, International Classi-
fication of Diseases 10th Revision: G458-G459, I63-I64, I74)
endpoints,19,20 1 reported ischemic stroke and transient
ischemic attack,24 and 1 study reported ischemic stroke, tran-
sient ischemic attack, and retinal infarct endpoints.21

Among 8 included studies, 7 studies were retrospective
studies18–24 and 1 study was a prospective cohort study.25 Six

Medicine � Volume 95, Number 6, February 2016
FIGURE 1. Flow of study selection.
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transplantation (6.7%).20 Overall, 9233 (96.8%) patients received
only hemodialysis, 214 (2.2%) received peritoneal dialysis, and 92
(1.0%) received renal transplantation.

Six studies were conducted in North America and
Europe,18–23 1 study was conducted in Taiwan,24 and 1 study
was conducted in Japan.25 The mean age ranged from 66.8
years20 to 77 years.19 The history of stroke at baseline ranged
from 0%24 to 52%.19 The median follow-up duration was 1.8
years (ranging from 1 year19 to 12 years).20 On a scale of 5, the
overall quality of studies was good (median score 3, range 2–4).
The quality of each study with the result for each of the criteria
of the quality score as well as the summary score was reported in
Supplemental Table 2.

Main Outcome
Pooling the results from the random-effects model

showed that warfarin use was associated with higher risk of
any stroke among atrial fibrillation patients undergoing hemo-
dialysis (3 studies, RR 1.50, 95% CI: 1.13–1.99, P¼ 0.01)
(Figure 2). There was no obvious heterogeneity among studies
with an I2¼ 59% (P¼ 0.05). The estimates were similar
between the fixed-effects model (RR 1.46, 95% CI: 1.23–
1.74, P< 0.001) and random-effects model. Warfarin use had a
neutral effect upon ischemic stroke or thromboembolism
among patients with atrial fibrillation patients undergoing
hemodialysis (7 studies, RR 1.01, 95% CI: 0.65–1.57,
P¼ 0.9) (Figure 2). There was obvious heterogeneity among
studies with an I2¼ 90% (P< 0.001). The estimates were
similar between the fixed-effects model (RR 0.95, 95% CI:

Lee et al
0.83–1.09, P¼ 0.46) and random-effects model. The exclu-
sion of any single study from the analysis did not alter the
overall finding in a sensitivity test. There was no substantial

FIGURE 2. Risk ratio for association of warfarin use and risk of stro
hemodialysis. (A) �65 years, (B) 66 to 75 years, (C) >75 years.

4 | www.md-journal.com
asymmetrical appearance on the funnel plot (Supplemental
Figure 1).

For additional end points, warfarin use was associated with
a higher risk of hemorrhagic stroke and bleeding and was
associated with neutral effects on death (Figure 3).

DISCUSSION
In this meta-analysis of 8 cohort studies of generally good

quality, among almost 10,000 people with atrial fibrillation
undergoing hemodialysis, we found that patients who received
warfarin had a risk of future stroke that was 50% greater than
those who did not receive warfarin. Warfarin use had a neutral
effect on ischemic stroke risk, but was associated with an
increased risk of hemorrhagic stroke and bleeding among these
patients. Our findings may be of clinical importance since
warfarin is broadly used to prevent future stroke in patients
with atrial fibrillation, but these analyses suggest that in the
subset of atrial fibrillation patients undergoing hemodialysis,
warfarin use may not be as effective in preventing ischemic
stroke and may even be associated with a rise in combined
ischemic and hemorrhagic stroke. Still, the association
between warfarin use and increased stroke risk in atrial fibrilla-
tion patients undergoing hemodialysis does not necessarily
imply causality given the observational nature of the included
studies.

Potential reasons for the absence of an effect of warfarin in
reducing ischemic stroke risk are several. An important first
consideration is that this finding may be due to confounding by
indication. Most studies were retrospective in design, and so we

Medicine � Volume 95, Number 6, February 2016
really do not know enough about the cases enrolled, and those
who were on warfarin already. The treating physicians are
clearly aware of the increased bleeding risks of hemodialysis,

ke and ischemic stroke in atrial fibrillation patients undergoing

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 3. Risk ratio for association of warfarin use and risk of hemorrhagic stroke, death, and bleeding in atrial fibrillation patients

Medicine � Volume 95, Number 6, February 2016 Warfarin in Atrial Fibrillation Undergoing Hemodialysis
so there is likely a reason for continued warfarin use in some of
these cases based on perceived risks. Although all studies
included in our meta-analysis reported a multivariate adjusted
relative risk, which minimizes the influence of known con-
founding on our results, residual confounding from measured
and unmeasured variables remains possible.

Additional potential causes include that, while warfarin is
likely to reduce cardiac emboli among atrial fibrillation
patients, regardless of kidney function, the attributable risk
of atrial fibrillation to ischemic stroke among hemodialysis
patients might not be as high as for the general population.3,6

Also, warfarin use in hemodialysis patients can inhibit Matrix
Gla protein and Gas-6, accelerating vascular calcification, and
thereby increasing risk for ischemic stroke.26,27

Risk-benefit assessment with respect to warfarin use for
stroke prevention in patients with atrial fibrillation is crucially
dependent on the magnitude of stroke risk, as well as the
effectiveness and safety of warfarin use.28 With respect to
the effectiveness and safety of warfarin use, the risk of elevated
hemorrhagic stroke in hemodialysis patients needs be taken into
consideration.29 In addition to various platelet and coagulation
abnormalities, hemodialysis patients routinely receive heparin
during dialysis procedures, which also increases the risk for
bleeding.12 Furthermore, over-anticoagulation (international
normalized ratio >4) is more frequently encountered among
patients with severe chronic kidney disease taking warfarin, as

undergoing hemodialysis.
compared with patients without chronic kidney disease.30 All of
the aforementioned factors probably contributed to the greater
risk of hemorrhagic stroke and overall bleeding seen among

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
atrial fibrillation patients on hemodialysis receiving warfarin
therapy.

There are limitations to this meta-analysis. First, most
included studies were retrospective cohort studies and the
precise reasons for using or not using warfarin are not well
known. Furthermore, the history of stroke at baseline ranged
from 0% to 52% which means it was a combination of primary
and secondary prevention. This is a critical aspect to understand
the potential confounding by indication, which is hard to control
for using the available study methods. Individual-level pooled
analyses of relevant studies are warranted and may provide
additional insights. Second, only 3 studies provided a total
stroke endpoint and there was moderate heterogeneity with
I2¼ 59%. Meta-regression analysis with baseline variables
might be helpful to examine the reason for the heterogeneity.
However, each study provided different items of baseline
variables, which prevented us from exploring further. Third,
substantial heterogeneity existed among studies with an
ischemic stroke endpoint. Warfarin use seems to be beneficial
in studies using ischemic stroke or systemic thromboembolism
as an endpoint19,20 while associated with neutral effect in
studies using ischemic stroke as an endpoint.21,22,24,25 One
plausible explanation might be the benefit of warfarin use in
reducing cardiac emboli could be amplified if the studies counts
all the possible systemic thromboembolic events. Fourth,
hemorrhagic stroke data were provided from only 2 studies

and confidence interval was wide for hemorrhagic stroke out-
come. Fifth, neuroimaging was explicitly mentioned as part of
the stroke event ascertainment process in only 1 study.25

www.md-journal.com | 5



Finally, the included studies did not provide the information on
the concomitant use of heparin, time since end stage renal
disease, duration of warfarin use and the time spent in thera-
peutic range, and how warfarin was initiated in these patients
since the period at risk for both ischemic and hemorrhagic
events are the first 3 months of treatment.31

In conclusion, this meta-analysis of cohort studies showed
that warfarin use may be associated with higher risk of future
stroke among atrial fibrillation patients undergoing hemodia-
lysis. Still, the results should be interpreted cautiously in the
light of the several limitations as described above. Large
randomized controlled trials are warranted to clarify this issue
and to guide atrial fibrillation management guideline among
hemodialysis patients.
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