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Abstract
Atrial fibrillation (AF) is common in patients with kidney disease, with prevalence
several times greater than in the general population. Anticoagulation agents are used
to prevent thromboembolic events as a consequence of AF. Several randomized trials
have established the efficacy of antithrombotic drugs for preventing stroke in patients
with AF, with both antiplatelet agents and oral anticoagulants showing benefit. Endstage kidney disease (ESKD) patients have known platelet defects/dysfunction and also
receive heparin during their dialysis treatment, which contributes to their overall coagulopathy. Warfarin being vitamin-K antagonist can augment calciphylaxis in patients with
ESKD. Taken together, formal anticoagulation use in patients with ESKD may confer
additional risk that is not appreciated in patients without kidney disease. In particular,
patients on new oral anticoagulants show excess morbidity and mortality from bleeding
when compared to warfarin.
Keywords: anticoagulation, warfarin, end-stage kidney disease, hemodialysis, atrial
fibrillation, new oral anticoagulation

1. Introduction
Atrial fibrillation (AF) is the most common cardiac arrhythmia that can lead to thrombus
formation in the atria and atrial appendages. It also causes reduction in cardiac output and
affected individuals are at increased risk of mortality. The prevalence of AF in patients with
end-stage kidney disease (ESKD) is higher than in general population.
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Patients with AF are managed with antiarrhythmic agents to control their heart rate and with
anticoagulant agents to prevent thromboembolic events. The benefits of anticoagulation in
patients with AF (without kidney disease) are well established; however, the benefits and
safety of anticoagulation in patients with AF and ESKD are still not clear.
In this chapter, we discuss the prevalence of AF in ESKD and management of AF in these
patients focusing on anticoagulation including the direct oral anticoagulants (DOACs).

2. Epidemiology
The 2010 Global Burden of Disease (GBD) study estimated that the prevalence of AF approximated at 33.5 million individuals worldwide [1]. In particular, AF is believed to affect between
2.2 and 5.0 million Americans, 4.5 million Europeans and is estimated to affect 1.4% of
Australians [1, 2]. The prevalence of AF is expected to increase globally over the next decade [3].
The prevalence of AF increases with age, occurring in approximately 1% of the population under
60 years of age and 15% of the population over 80 years of age. Furthermore, the age-adjusted
prevalence of AF is higher for men than women [1, 4]. In terms of complications of AF, ischemic
stroke is the most common cause of cerebrovascular incident with 75% of these strokes directly
linked to AF [3]. In addition, proportion of strokes from embolic sources increases with age, and
greater than 35% of strokes in patients over 80 years of age are cardiac in origin, predominantly
due to AF [3], making AF the commonest cause of stroke in this patients older than 80 years [1, 3, 4].
The health burden of renal disease is high for patients as well as for health services globally.
The 2010 GBD study found that chronic kidney disease (CKD), which previously ranked
27th in the list of causes of total number of global deaths in 1990, ranked 18th in 2010 [1, 5].
The incidence and prevalence of ESKD vary significantly across different countries. The incidence of ESKD is increasing, with reports indicating doubling in the number of patients being
treated for ESKD in Europe, the Americas, and Australia, with diabetes and hypertension being
the most common causes in developed and many developing countries; however, glomerulonephritis and “undetermined causes” were more common in Asia and sub-Saharan Africa [5].
Cardiovascular disease and its sequelae occur more frequently in patients with CKD, compared to the general population, and it is often more severe [6]. Patients with impaired renal
function (estimated glomerular filtration rate (eGFR) ≤80 mL/min) are deemed to be at higher
risk for all cardiovascular events. Current literature examining the prevalence of AF in hemodialysis (HD) patients varies widely, describing a range from 7 to 27% [4]. Furthermore, paroxysmal AF was present in 3.5%, persistent AF in 9.6% of patients and permanent AF in 13.9%
of patients [4]. In a large cohort study conducted by Cheng-Huang et al., the prevalence of AF
in patients receiving peritoneal dialysis and HD was examined [7]. The incidence rate ratios
for AF were 2.07 and 1.78 in HD and PD groups, respectively. Additionally, after adjusting
for age, gender and comorbidities, the hazard ratios for the AF risk were 1.46 and 1.32 in HD
and PD groups, respectively.
In particular, in a study reported by Hohnloser et al., the risk of stroke in patients with CKD
increased with decreasing eGFRs, the annual stroke rate was 1.05% in patients with an eGFR
of >80 mL/min, 1.46% in patients with an eGFR of 50–80 mL/min and 2.39% in patients with
an eGFR of ≤50 mL/min [8].
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3. Goals of therapy for AF
The mechanisms initiating and maintaining AF may be multifactorial in individual patients,
including electrophysiological and structural abnormalities. The primary goals of therapy
for AF are to control symptomatic effects of the disease and to prevent any disease-related
complications such as thromboembolism and tachycardia-induced cardiomyopathy [9]. The
management of AF therefore revolves around strategies for rate control, rhythm control and
prevention of thromboembolic strokes. In relation to the former two strategies, multiple
international guidelines, including the American College of Cardiology (ACC), the American
Heart Association (AHA), European Society of Cardiology (ESC) and the Heart Rhythm
Society (HRS) recommend that patients with no structural heart disease should be initiated
with dofetilide, dronedarone, flecainide, propafenone, or sotalol, as these agents are found to
have the lowest level of cardiac toxicity [9]. If first line therapy is contraindicated or shown to
be ineffective, second-line therapy is considered and includes either amiodarone or catheterdirected ablation [9]. Interestingly, amiodarone is considered as first line therapy in patients
with substantial left ventricular (LV) hypertrophy as these patients are seen to be at increased
proarrhythmic risk with most other first line antiarrhythmic drugs.
The prevention of thromboembolism including stroke prevention has been widely proven
with the use of anticoagulants such as warfarin and DOACs. Stroke is seen to be the most
common clinical thromboembolic event in patients with AF, with AF attributing to 36% of
all strokes in individuals aged 80–89 years [10]. Furthermore, stroke occurring in patients
who have AF tend to have a higher degree of severity as compared to those without AF [11].
Clinical markers predicting increased risk of stroke in patients with AF include previous history of transient ischemic attacks (TIA) or prior strokes, coronary artery disease, mitral stenosis, left ventricular dysfunction, heart failure (HF), hypertension, diabetes mellitus, female
gender and age more than 75 years [9].
Thrombus formation within the left atrial appendage occurs secondary to reduced blood flow
velocities due to the loss of organized mechanical contraction in this anatomical area [12, 13].
Along with reduced flow velocity, other factors have also been attributed to the enhanced
thrombogenicity in patients with AF. This includes reduced nitric oxide (NO) production in
the left atrial endocardium, increased levels of the prothrombotic protein plasminogen activator inhibitor 1 (PAI-1), as well as elevated levels of β-thromboglobulin and platelet factor 4,
von Willebrand factor (vWF), soluble thrombomodulin and fibrinogen [14].

4. Evaluation of embolic risk
All individuals who have AF are not at equally high risk for thromboembolic events, and several predisposing clinical factors can identify those patients at relatively higher or lower risk.
Risk stratification for embolic events assumes added importance, since the individual’s risk of
embolic events needs to be carefully balanced against the risk of bleeding which is associated
with anticoagulation. In patients without CKD, AF in association with any form of valvular
heart disease (VHD) is considered for anticoagulation commencement as the stroke risk in
this population subset is high [3, 15, 16]. Patients with nonvalvular heart disease (NVHD),
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however, do not necessarily require anticoagulation, and the decision to anticoagulate for
stroke prevention depends on their individual risk of stroke [15–17].
There are several risk scores that can be used to evaluate stroke and bleeding risk in the
NVHD sub-group including the HAS-BLED score, the CHADS2 and CHA2DS2-VASc score
and the ATRIA stroke risk score [18–21]. The CHADS2 stroke risk scoring system was developed based on the analysis of 1773 patients in the National Registry for Atrial Fibrillation and
in 2006 and was used in the ACC/AHA/ESC guidelines to tailor therapy for stroke prevention
in AF [15]. The scoring system includes points for congestive heart failure, hypertension, age,
diabetes and stroke [15, 20]. Previous stroke or TIA is the strongest predictor of stroke and
equates for two points, whereas the other risk factors carry one point each. The final score
measures the adjusted stroke rate per 100 patient-years [15, 18, 20]. The CHA2DS2-VASc score
is an updated version of the CHADS2 score as not all patients with a CHADS2 score of 0 were
found to be at low risk and was also noted that other risk factors that had been identified were
not encompassed by this tool [18, 20, 22]. With the improvement to the CHA2DS2-VASc score,
the 2012 ESC guidelines and 2014 ACC/AHA/HRS guidelines changed their recommendations to support the use of CHA2DS2-VASc score over the CHADS2 scoring system [18, 20, 22].
In addition to the CHADS2, the CHA2DS2-VASc acknowledges that stroke risk in patients with
AF is related to age as a continuous variable, the higher risk of stroke in women, and incorporates risk associated with vascular disease, prior MI, complex aortic plaque, and peripheral
arterial disease [18, 20, 22]. The CHA2DS2-VASc score states that antithrombotic therapy may
be omitted for a score of 0, either oral anticoagulants, aspirin, or no antithrombotic therapy
can be considered for a score of 1, and oral anticoagulation is recommended for patients with
a prior stroke, TIA, or a score of 2 or more [3, 9, 15, 16, 18, 20, 22–26]. Although CHADS2 and
CHA2DS2-VASc scores were useful tools in the past in assisting to quantify risk of stroke in
patients with NVAF, recent studies have shown that the CHA2DS2-VASc score is only able to
correctly predict strokes in approximately 68% of cases [3, 18, 22]. The HAS-BLED scoring system was developed in 2010 as a result of the Euro Heart Survey and aims to assess the 1-year
risk of major bleeding in patients with AF [18, 21]. The scoring system includes points for
hypertension (Systolic >160 mmHg), abnormal renal function, liver function, stroke in past,
bleeding, labile international normalized ratio (INR), age ≥65, consuming drugs and consuming alcohol [19, 21]. The scoring system is based on a maximum of nine points with each risk
factor worth one point each [18, 21]. A score of 3 or more indicating an increased 1-year bleed
risk on anticoagulation is sufficient to justify caution or more regular review [19–21].
While there are other more contemporary risk assessment scoring systems available, such
as the ABC (age, biomarkers, clinical history) stroke risk score as devised from Apixaban for
Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation (ARIS-TOTLE)
study, their applicability is somewhat limited, as several key risk factors included are not
routinely measured, and have also yet to be widely validated in population studies [27].
Information on how to best predict stroke risk in the ESKD population is limited and precludes the ability to identify patients at high risk for stroke. No stroke risk prediction scores
have been specifically developed for patients with ESRD with AF. Existing thromboembolic
and bleeding risk prediction scores show good standardization of stroke risk in the general
population, but performs poorly in the ESKD population. McAlister et al. conducted a retrospective large cohort study comparing the effectiveness of current thromboembolic and
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bleeding risk prediction scores in patient with NVAF and CKD [28]. The seven risk prediction models examined included CHADS2, CHA2DS2-VASc, R2CHADS2, ATRIA stroke, HASBLED, HEMORR2HAGES and ATRIA bleed. The study showed that the thromboembolic
risk scores did not perform differently from each other, where the negative predictive value
was not seen to be significantly different from each other. In terms of bleeding risk score,
HEMORR2HAGES was the observed to be the most accurate with the highest c-statistic of
0.66 [28]. Furthermore, the study also showed that each of the seven risk prediction scores
performed significantly better for patients with normal kidney function than in patients with
CKD with performance significantly worsened as severity of kidney disease increased [28].
Therefore, the study suggests that current thromboembolic and bleeding risk prediction
scores are inadequate for use in patients with CKD.
There is no difference in the indications for anticoagulation therapy between paroxysmal,
persistent, or permanent AF. Clinical risk assessment tools such as the CHA2DS2-VASc score
do not fully account for thromboembolic risk, and stroke can occur even after a sinus rhythm
is restored by either pharmacological or electrical cardioversion.

5. Anticoagulation therapy in atrial fibrillation
As stipulated previously, no stroke risk prediction scores have been specifically developed
for patients with CKD and AF. It has been shown, however, that patients with CKD and
nonvalvular AF have a heightened stroke risk regardless of CHADS2DS2-VASc score, where
80% of patients having scores of ≥2 [29]. Current ACC/AHA/ESC guidelines advise that for
a CHADS2 score of ≥2 for either men or women, formal anticoagulation is recommended
for patients [3, 9, 15, 16, 20, 22–26, 30]. Those with a CHADS2 score of 1, formal anticoagulation or aspirin alone should be considered in conjunction with patient specific comorbidities
[3, 9, 15, 16, 20, 22–26]. Finally, the guidelines state for patients with a CHADS2 score of 0, no
anticoagulation, neither formal nor antiplatelets, is recommended [3, 9, 15, 16, 20, 22–26]. In
comparison with the American guidelines, the European guidelines recommend that males
with a CHA2DS2-VASc score of ≥2 then anticoagulation should be used for stroke prevention,
whereas those with a score of 1 should only be considered for anticoagulation, depending
also on patient comorbidities and other risk factors [15, 20, 22–24]. Furthermore, for females,
as female gender has been shown to be a weak risk factor for stroke in AF, guidelines advise
that a CHA2DS2-VASc score of ≥3, then anticoagulation is recommended; however if the score
is 2, then anticoagulation be considered [15, 20, 22–24]. If the CHA2DS2-VASc score is 0 in
men and women or is 1 in women, neither formal anticoagulation nor antiplatelet therapy is
advised or required [15, 20, 22–24].
5.1. Antiplatelets
There are few studies available that directly compare antiplatelet therapy, either single or
dual agent, directly with formal anticoagulation. In a study conducted by Connely et al., it
was investigated whether the addition of clopidogrel to aspirin in patients would reduce the
risk of vascular events in patients with atrial fibrillation [11]. The primary end points examined included stroke, myocardial infarction, noncentral nervous system systemic embolism
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and death from vascular causes. The study showed that in patients with AF where vitamin-K
antagonists were deemed unsuitable, the addition of clopidogrel to aspirin reduced the risk
of major vascular events, in particular stroke, by 28%; however, the combination increased the
risk of major hemorrhage from 1.3 to 2.0% per year [10, 11].
The Stroke Prevention in Atrial Fibrillation (SPAF) II study was the only major study to show
a positive outcome for use of aspirin in AF for stroke prevention [31]. The study showed that
patients treated with aspirin had a statistically significant reduction of 42% in stroke rate over
the placebo group [31]. In the more recent Apixaban Versus Acetylsalicylic Acid to Prevent
Stroke in Atrial Fibrillation Patients Who Have Failed or Are Unsuitable for Vitamin-K
Antagonist Treatment (AVERROES) study, 5599 patients with atrial fibrillation who were at
increased risk for stroke and for whom vitamin-K antagonist therapy was unsuitable were
assessed and divided into groups whom received apixaban or aspirin [10]. The primary outcome assessed in the study was the occurrence of stroke or systemic embolism. The study was
halted at 18 months as a significant benefit from apixaban over aspirin was observed with a
55% risk reduction in ischemic stroke [10]. Furthermore, it was also found that bleeding was
comparable between aspirin and apixaban, 44 major bleeding events (a rate of 1.4% per year)
among patients taking apixaban and 39 (1.2% per year) among those taking aspirin (hazard
ratio with apixaban, 1.13; 95% CI, 0.74–1.75; P = 0.57) [10].
Olesen et al. examined aspirin’s use for stroke prevention in patients with AF and CKD. The
retrospective cohort study found that aspirin was associated with an increased risk of stroke
or systemic thromboembolism among patients who had any form of renal disease, (hazard
ratio, 1.17; 95% CI, 1.01–1.35; P = 0.04) [9]. Furthermore, the risk of stroke or systemic thromboembolism in association with CKD was of the same magnitude when adjusted for all baseline characteristics [9].
Aspirin, however, is still frequently used to reduce stroke risk in many patients with high
CHA2DS2-VASc scores who would benefit from anticoagulation.
5.2. Vitamin-K antagonist
Vitamin-K antagonist, for example, warfarin, was first used as an anticoagulant in the 1960s
when it was validated through multiple randomized, controlled clinical trials comparing it
versus placebo or no therapy, that it had superior efficacy in reducing strokes in patients with
NVAF [31, 32]. Warfarin’s effectiveness was confirmed in the pivotal 1992 Veterans Affairs
Stroke Prevention in Nonrheumatic Atrial Fibrillation (SPINAF) trial [33]. This trial definitively proved that warfarin reduced stroke rates in patients with NVAF by approximately
70% and mortality by approximately 30% [33]. Furthermore, when investigated with regard
to intention to treat, it was found that there was a 68% risk reduction in stroke for patients
taking warfarin when compared to the control groups who were not anticoagulated [34, 35].
Although warfarin is extremely effective in reducing stroke and mortality, it is an incredibly
difficult drug to use in clinical practice. Warfarin has a slow onset and offset of action and
has multiple drug and food interactions. Warfarin requires constant monitoring to ensure the
INR remains within the therapeutic range of 2–3. Studies have shown that an INR <2 carries
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an increased risk of stroke, whereas an INR of >3 confers an increased risk of bleeding [31,
32, 36, 37]. From an Australian perspective, the difficulties of warfarin’s clinical usage were
seen in multicenter trials showing the time in therapeutic range (TTR) is near 70% at best, but
more often found to be around 50–60% [38]. Interestingly there seems to be an increased risk
of bleeding and intracranial hemorrhage (ICH) with warfarin in Asian populations, even in
patients with an INR within the therapeutic range. This has seen some major centers in Asia
adopt a lower therapeutic range of 1.5–2 [31, 32].
Formal anticoagulation using Warfarin has been shown to significantly reduce the incidence
of stroke in CKD patients with AF. The Stroke Prevention in Atrial Fibrillation [SPAF-III]
Study analyzed 516 AF participants with CKD and showed that warfarin was able to reduce
ischemic stroke or systemic embolism by 76% (95% CI 42–90, P < 0.001) [39]. In a populationbased retrospective cohort study conducted by Mitesh et al., it was found that CKD patients
requiring dialysis with AF, warfarin use, in comparison with no-warfarin use, did not reduce
the risk for stroke however it was associated with a 44% higher risk for having a bleeding
event, whereas warfarin use in nondialysis patients with AF was associated with a 13% lower
risk for stroke with a 19% higher risk for bleeding event [32, 40]. Bleeding in this study was
grouped and defined as intracerebral bleeding, gastrointestinal bleeding, intraocular bleeding,
hematuria, and unspecified location of bleeding. This data should not be surprising though as
it is well known that HD patients have both platelet and coagulation abnormalities and also
have associated comorbidities such as uncontrolled hypertension and diabetes mellitus, all
of which contribute to an increase in the risk for stroke and bleeding [32, 41]. Furthermore,
HD patients usually also receive heparin during dialysis, which also adds to their increased
risk for bleeding. Warfarin use in HD patients, through the inhibition of matrix Gla protein
and Gas-6, thus causing calciphylaxis, can accelerate vascular calcification, which may also
increase the risk for ischemic stroke [32, 42, 43]. This is further supported by a 134,410 patient
retrospective study cohort by Chen et al. who compared ESRD patients requiring renal
replacement therapy with AF receiving either monotherapy with antiplatelets or Warfarin
with a control group who were not using either of the medications [44]. They showed that the
incidence of ischemic stroke or TIAs was no different between the intervention group and the
control group [44]. Furthermore, the results stayed unchanged after propensity match and
also showed no beneficial effect of antiplatelet or warfarin therapy in any subgroups, such as
age and gender [44].
5.3. Direct oral anticoagulation drugs
Currently available oral direct acting anticoagulants are the direct thrombin inhibitor dabigatran, and the factor Xa inhibitors rivaroxaban and apixaban. Their clinical use in the normal
population is favored due to their rapid onset and offset of action. Direct oral anticoagulations
(DOACs) achieve full anticoagulation within 2 h of dosing, and are mostly excreted within
24 h of taking the last dose. In addition to their appeal, none of the DOACs require routine
monitoring to evaluate their extent of anticoagulation performance. There has been minimal
evidence in investigating DOACs for stroke prophylaxis in ESKD patients with AF. All major
trials, comparing DOACs to warfarin for AF and stroke prophylaxis, excluded patients with a
calculated creatinine clearance rate of <25 or 30 mL/min [45, 46].
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The RE-LY study was the first open label study to compare dabigatran, a direct thrombin inhibitor, to warfarin in patients with one or more risk factors for stroke [45]. The study concluded that
a higher dose (110 and 150 twice daily) of dabigatran was superior to warfarin in reducing stroke
and systemic embolism. The study also revealed the effect of creatinine clearance and renal
function on dabigatran’s action and pharmacokinetics. Dabigatran is highly dependent on renal
excretion with 80% being excreted unchanged in the urine. A 20% of patients in the RE-LY study
had a CrCl of 30–50 mL/min (Patients with CrCl<30 were excluded). These patients had a higher
risk of major bleeding compared to patients with a CrCl of >80 mL/min [46]. The RE-LY study
also saw that warfarin-assigned patients with an eCrCl of 30–49 mL/min had a significant rate of
major hemorrhage at 5.4% per year compared to other participants at 3.2% per year [45]. Largescale trials for dabigatran use in CKD patients are not available, and although dabigatran is
partially removed by dialysis, it remains not recommended for anticoagulation during HD [47].
The Rivaroxaban—once daily, oral, direct factor Xa inhibition compared with vitamin-K antagonism for prevention of stroke and Embolism Trial in Atrial Fibrillation (ROCKET AF) trial—
examined rivaroxaban versus warfarin in patients with two or more risk factors for a stroke. The
study showed that rivaroxaban had similar efficacy to warfarin in reducing stroke and embolism
but a significant reduction in ICH. The study was also able to show a statistically significant
trend toward a decrease in all-cause mortality, as with other DOACs [48]. Patients with CrCl
<30 mL/min were excluded from the trial, whereas patients with moderate renal insufficiency
(CrCl of 30–50 mL/min) were included but given an adjusted dose of 15 mg daily based on data
showing 25–30% higher residual serum concentration of rivaroxaban in these patients compared
to patients with normal renal clearance [49, 50]. The ROCKET AF study was unable to demonstrate noninferiority or superiority of rivaroxaban in patients with moderate renal insufficiency
in comparison with warfarin therapy. The rates of stroke and systemic embolism were higher in
patients with moderate renal impairment compared to patients with better renal function [47].
The ROCKET AF trial also examined the primary outcome of major hemorrhage in comparison
with warfarin and was shown to occur in 3.2% of patients per year for those with an eCrCl of
>50 mL/min as compared to 4.7% per year in those with an eCrCl of 30–49 mL/min [48]. There are
no major trials for rivaroxaban therapy in patients with a creatinine clearance of <30 mL/min or
on dialysis. Rivaroxaban has been shown to be able to be completely and immediately reversed
with 50 U/kg prothrombin complex concentrate on patients with normal renal function [51].
Apixaban’s effectiveness was examined in the ARISTOTLE trial, which was similar to the
other DOAC trials, included patients with one or more risk factors for stroke. The trial
revealed that apixaban was superior to warfarin in stroke reduction and systemic embolism [52]. Major and clinically relevant nonmajor bleeding was also found to be significantly less with apixaban when compared to warfarin with ICH being also significantly
reduced [3, 52]. Of the three DOACs available, only apixaban has proven to be statistically
significant for reduction in total mortality when compared with warfarin, regardless of
renal function.
The ARISTOTLE trial involved examining the efficacy of a apixaban in patients with creatinine
of 133–221 μmol/L (1.5–2.5 mg/dL) and lower or creatinine clearance of >25 mL/min [45], and
noted that the incidence of major bleeding events with apixaban was inversely related to renal
functions [8]. Patients with moderate to severe renal insufficiency (creatinine 133–221 μmol/L
or CrCl of <25 mL/min) were given 2.5 mg doses twice daily while patients with normal
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renal function were given 5 mg twice daily. Bleeding episodes were higher in patients with
moderate/severe renal failure when compared to the normal renal function group, however
remained lower with apixaban compared to patients with renal impairment on warfarin. In
terms of observing patients on warfarin, the ARISTOTLE trial showed that major hemorrhage
was at least twice as likely among patients with an eCrCl of 25–50 mL/min compared with
others [52]. The ARISTOTLE trial therefore eludes to apixaban being safe for oral anticoagulation in AF patients with creatinine clearance of >25 mL/min, with dose adjustment as decided
by the treating physician.
Again, there are no major trials investigating the effectiveness of apixaban on ESKD patients
with stroke risks. Further research in this area is awaited. Apixaban like rivaroxaban is not
dialyzable and therefore albeit the small renal excretion of 27 and 36%, respectively, they may
build up in patients with ESKD [53]. Therefore, it is always advisable to continue monitoring
patients with moderate to severe (CrCl 30–80 mL/min) for worsening renal function and possibility of toxicity.

6. Conclusions
In conclusion, patients with ESKD have higher prevalence of AF. In the absence of DOACs
that can be used in patients with ESRD, vitamin-K antagonists still remain the gold standard for systemic anticoagulation in this group of patients. Anticoagulation with vitamin-K
antagonist in patients with ESKD is challenging due to the adverse events such as increased
risk of bleeding and augmentation of risk of calciphylaxis.
The risks of administering vitamin-K antagonists in patients with ESRD should be carefully
weighed against benefits of these agents in preventing embolic episodes. Since newer DOACs
may have a better benefit-risk profile in dialysis patients than vitamin-K antagonists, provided
appropriate dose reductions are made, this strategy may yield more on-target anticoagulation, reduce the risk of intracerebral bleeding, and not interfere with vascular calcification
biology. Clinical trials with direct oral anticoagulant in dialysis patients are eagerly awaited.
In addition, development of a DOAC that has nonrenal mode of excretion and can be safely
given in patients on dialysis may also result in lower rates of bleeding complications, thereby
shifting the risk-benefit balance toward systemic anticoagulation with this group of agents in
the future.

Author details
Quoc Tran1, Bassim Jebeili1, Kamal Sud2,3 and Bhadran Bose2,3*
*Address all correspondence to: bhadran.bose@health.nsw.gov.au
1 Department of Vascular Surgery, Nepean Hospital, Kingswood, NSW, Australia
2 Department of Renal Medicine, Nepean Hospital, Kingswood, NSW, Australia
3 Nepean Clinical School, The University of Sydney, Sydney, NSW, Australia

77

78

Anticoagulant Drugs

References
[1] Chugh SS, Blackshear JL, Shen WK, Hammill SC, Gersh BJ. Epidemiology and natural
history of atrial fibrillation: Clinical implications. Journal of the American College of
Cardiology. 2001;37(2):371-378
[2] Wong CX, Brown A, Tse H-F, Albert CM, Kalman JM, Marwick TH, et al. Epidemiology of
atrial fibrillation: The australian and asia-pacific perspective. Heart, Lung & Circulation.
2017;26(9):870-879
[3] Amerena J, Ridley D. An update on anticoagulation in atrial fibrillation. Heart, Lung &
Circulation. 2017;26(9):911-917
[4] Genovesi S, Pogliani D, Faini A, Valsecchi MG, Riva A, Stefani F, et al. Prevalence of atrial
fibrillation and associated factors in a population of long-term hemodialysis patients.
American Journal of Kidney Diseases. 2005;46(5):897-902
[5] Jha V, Garcia-Garcia G, Iseki K, Li Z, Naicker S, Plattner B, et al. Chronic kidney disease:
Global dimension and perspectives. The Lancet. 2013;382(9888):260-272
[6] Gansevoort RT, Correa-Rotter R, Hemmelgarn BR, Jafar TH, Heerspink HJL, Mann JF,
et al. Chronic kidney disease and cardiovascular risk: Epidemiology, mechanisms, and
prevention. The Lancet. 2013;382(9889):339-352
[7] Shen CH, Zheng CM, Kiu KT, Chen HA, Wu CC, Lu KC, et al. Increased risk of atrial
fibrillation in end-stage renal disease patients on dialysis: A nationwide, populationbased study in Taiwan. Medicine. 2016;95(25):e3933
[8] Hohnloser SH, Hijazi Z, Thomas L, Alexander JH, Amerena J, Hanna M, et al. Efficacy
of apixaban when compared with warfarin in relation to renal function in patients
with atrial fibrillation: Insights from the ARISTOTLE trial. European Heart Journal.
2012;33(22):2821-2830
[9] Olesen JB, Lip GY, Kamper AL, Hommel K, Kober L, Lane DA, et al. Stroke and bleeding
in atrial fibrillation with chronic kidney disease. The New England Journal of Medicine.
2012;367(7):625-635
[10] Connolly SJ, Eikelboom J, Joyner C, Diener HC, Hart R, Golitsyn S, et al. Apixaban in
patients with atrial fibrillation. The New England Journal of Medicine. 2011;364(9):806-817
[11] Investigators A, Connolly SJ, Pogue J, Hart RG, Hohnloser SH, Pfeffer M, et al. Effect
of clopidogrel added to aspirin in patients with atrial fibrillation. The New England
Journal of Medicine. 2009;360(20):2066-2078
[12] Grimm RA, Stewart WJ, Maloney JD, Cohen GI, Pearce GL, Salcedo EE, et al. Impact
of electrical cardioversion for atrial fibrillation on left atrial appendage function and
spontaneous echo contrast: Characterization by simultaneous transesophageal echocardiography. Journal of the American College of Cardiology. 1993;22(5):1359-1366
[13] Stoddard MF, Dawkins PR, Prince CR, Ammash NM. Left atrial appendage thrombus
is not uncommon in patients with acute atrial fibrillation and a recent embolic event: A

Anticoagulation for Atrial Fibrillation in Patients with End-Stage Kidney Disease
http://dx.doi.org/10.5772/intechopen.78022

transesophageal echocardiographic study. Journal of the American College of Cardiology. 1995;25(2):452-459
[14] Cai H, Li Z, Goette A, Mera F, Honeycutt C, Feterik K, et al. Downregulation of endocardial
nitric oxide synthase expression and nitric oxide production in atrial fibrillation: Potential
mechanisms for atrial thrombosis and stroke. Circulation. 2002;106(22):2854-2858
[15] Gage BF, Waterman AD, Shannon W, Boechler M, Rich MW, Radford MJ. Validation of
clinical classification schemes for predicting stroke: Results from the National Registry
of atrial fibrillation. Journal of the American Medical Association. 2001;285(22):2864-2870
[16] Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B, et al. ESC guidelines for
the management of atrial fibrillation developed in collaboration with EACTS. European
Heart Journal. 2016, 2016;37(38):2893-2962
[17] Conway DS, Pearce LA, Chin BS, Hart RG, Lip GY. Plasma von Willebrand factor and
soluble p-selectin as indices of endothelial damage and platelet activation in 1321 patients
with nonvalvular atrial fibrillation: Relationship to stroke risk factors. Circulation.
2002;106(15):1962-1967
[18] Chao TF, Chen SA. Stroke risk predictor scoring systems in atrial fibrillation. Journal of
Atrial Fibrillation. 2014;6(5):998
[19] Singer DE, Chang Y, Borowsky LH, Fang MC, Pomernacki NK, Udaltsova N, et al. A
new risk scheme to predict ischemic stroke and other thromboembolism in atrial fibrillation: The ATRIA study stroke risk score. Journal of the American Heart Association.
2013;2(3):e000250
[20] Aspberg S, Chang Y, Atterman A, Bottai M, Go AS, Singer DE. Comparison of the
ATRIA, CHADS2, and CHA2DS2-VASc stroke risk scores in predicting ischaemic stroke
in a large Swedish cohort of patients with atrial fibrillation. European Heart Journal.
2016;37(42):3203-3210
[21] Pisters R, Lane DA, Nieuwlaat R, de Vos CB, Crijns HJ, Lip GY. A novel user-friendly
score (HAS-BLED) to assess 1-year risk of major bleeding in patients with atrial fibrillation: The euro heart survey. Chest. 2010;138(5):1093-1100
[22] Lane DA, Lip GY. Use of the CHA(2)DS(2)-VASc and HAS-BLED scores to aid decision making for thromboprophylaxis in nonvalvular atrial fibrillation. Circulation.
2012;126(7):860-865
[23] Kalman JM, Sanders P, Brieger DB, Aggarwal A, Zwar NA, Tatoulis J, et al. National
Heart Foundation of Australia consensus statement on catheter ablation as a therapy for
atrial fibrillation. The Medical Journal of Australia. 2013;198(1):27-28
[24] Wang TKM, Sathananthan J, Marshall M, Kerr A, Hood C. Relationships between anticoagulation, risk scores and adverse outcomes in dialysis patients with atrial fibrillation.
Heart, Lung & Circulation. 2016;25(3):243-249
[25] Risk factors for stroke and efficacy of antithrombotic therapy in atrial fibrillation.
Analysis of pooled data from five randomized controlled trials. Archives of Internal
Medicine. 1994;154(13):1449-1457

79

80

Anticoagulant Drugs

[26] Steinberg BA, Piccini JP. State of the art review: Anticoagulation in atrial fibrillation. The
BMJ. 2014;348:g2116
[27] Hijazi Z, Lindback J, Alexander JH, Hanna M, Held C, Hylek EM, et al. The ABC (age,
biomarkers, clinical history) stroke risk score: A biomarker-based risk score for predicting stroke in atrial fibrillation. European Heart Journal. 2016;37(20):1582-1590
[28] McAlister FA, Wiebe N, Jun M, Sandhu R, James MT, McMurtry MS, et al. Are existing
risk scores for nonvalvular atrial fibrillation useful for prediction or risk adjustment in
patients with chronic kidney disease? Canadian Journal of Cardiology. 2017;33(2):243-252
[29] Bonde AN, Lip GY, Kamper A-L, Hansen PR, Lamberts M, Hommel K, et al. Net clinical
benefit of antithrombotic therapy in patients with atrial fibrillation and chronic kidney
disease: A nationwide observational cohort study. Journal of the American College of
Cardiology. 2014;64(23):2471-2482
[30] Bajpai A, Savelieva I, Camm AJ. Treatment of atrial fibrillation. British Medical Bulletin.
2008;88(1):75-94
[31] Investigators SPiAF. Warfarin versus aspirin for prevention of thromboembolism
in atrial fibrillation: Stroke prevention in atrial fibrillation II study. The Lancet.
1994;343(8899):687-691
[32] Shah M, Tsadok MA, Jackevicius CA, Essebag V, Eisenberg MJ, Rahme E, et al. Warfarin
use and the risk for stroke and bleeding in patients with atrial fibrillation undergoing
dialysis. Circulation. 2014;129:1196-1203. DOI: 10.1161/CIRCULATIONAHA.113.004777
[33] Ezekowitz MD, Bridgers SL, James KE, Carliner NH, Colling CL, Gornick CC, et al.
Warfarin in the prevention of stroke associated with nonrheumatic atrial fibrillation.
The New England Journal of Medicine. 1992;327(20):1406-1412
[34] Investigators AF. Risk factors for stroke and efficacy of antithrombotic therapy in atrial
fibrillation: Analysis of pooled data from five randomized clinical trials. Archives of
Internal Medicine. 1994;154:1949-1957
[35] Albers GW, Sherman DG, Gress DR, Paulseth JE, Petersen P. Stroke prevention in
nonvalvular atrial fibrillation: A review of prospective randomized trials. Annals of
Neurology. 1991;30(4):511-518
[36] Saxena R, Koudstaal PJ. Anticoagulants versus antiplatelet therapy for preventing stroke
in patients with nonrheumatic atrial fibrillation and a history of stroke or transient ischemic attack. The Cochrane Library. 2004. Cochrane id: CD000187
[37] Lamberts M, Gislason GH, Olesen JB, Kristensen SL, Olsen A-MS, Mikkelsen A, et al.
Oral anticoagulation and antiplatelets in atrial fibrillation patients after myocardial
infarction and coronary intervention. Journal of the American College of Cardiology.
2013;62(11):981-989
[38] Bubner TK, Laurence CO, Gialamas A, Yelland LN, Ryan P, Willson KJ, et al. Effectiveness
of point-of-care testing for therapeutic control of chronic conditions: Results from the
PoCT in general practice trial. The Medical Journal of Australia. 2009;190(11):624-626

Anticoagulation for Atrial Fibrillation in Patients with End-Stage Kidney Disease
http://dx.doi.org/10.5772/intechopen.78022

[39] Goldman ME, Pearce LA, Hart RG, Zabalgoitia M, Asinger RW, Safford R, et al.
Pathophysiologic correlates of thromboembolism in nonvalvular atrial fibrillation:
I. Reduced flow velocity in the left atrial appendage (the stroke prevention in atrial
fibrillation [SPAF-III] study). Journal of the American Society of Echocardiography.
1999;12(12):1080-1087
[40] Chan KE, Lazarus JM, Thadhani R, Hakim RM. Warfarin use associates with increased
risk for stroke in hemodialysis patients with atrial fibrillation. Journal of the American
Society of Nephrology. 2009;20(10):2223-2233
[41] Marinigh R, Lane DA, Lip GY. Severe renal impairment and stroke prevention in atrial
fibrillation: Implications for thromboprophylaxis and bleeding risk. Journal of the
American College of Cardiology. 2011;57(12):1339-1348
[42] Brandenburg VM, Kramann R, Specht P, Ketteler M. Calciphylaxis in CKD and beyond.
Nephrology, Dialysis, Transplantation. 2012;27(4):1314-1318
[43] Hafiji J, Deegan P, Brais R, Norris P. Warfarin-induced calciphylaxis successfully treated
with sodium thiosulphate. The Australasian Journal of Dermatology. 2013;54(2):133-135
[44] Chen J-J, Lin L-Y, Yang Y-H, Hwang J-J, Chen P-C, Lin J-L. Anti-platelet or anti-coagulant
agent for the prevention of ischemic stroke in patients with end-stage renal disease and
atrial fibrillation—A nation-wide database analyses. International Journal of Cardiology.
2014;177(3):1008-1011
[45] Reilly PA, Lehr T, Haertter S, Connolly SJ, Yusuf S, Eikelboom JW, et al. The effect of
dabigatran plasma concentrations and patient characteristics on the frequency of ischemic stroke and major bleeding in atrial fibrillation patients: The RE-LY trial (randomized evaluation of long-term anticoagulation therapy). Journal of the American College
of Cardiology. 2014;63(4):321-328
[46] Hijazi Z, Hohnloser SH, Oldgren J, Andersson U, Connolly SJ, Eikelboom JW, et al.
Efficacy and safety of dabigatran compared with warfarin in relation to baseline
renal function in patients with atrial fibrillation: A RE-LY trial analysis. Circulation.
2013;129:961-970. DOI: 10.1161/CIRCULATIONAHA.113.003628
[47] Lutz J, Jurk K, Schinzel H. Direct oral anticoagulants in patients with chronic kidney disease: Patient selection and special considerations. International Journal of Nephrology
and Renovascular Disease. 2017;10:135
[48] Committee ES, investigators RAs. Rivaroxaban—Once daily, oral, direct factor Xa inhibition compared with vitamin K antagonism for prevention of stroke and embolism trial
in atrial fibrillation: Rationale and design of the ROCKET AF study. American Heart
Journal. 2010;159(3):340-347. e1
[49] Fox KA, Piccini JP, Wojdyla D, Becker RC, Halperin JL, Nessel CC, et al. Prevention of
stroke and systemic embolism with rivaroxaban compared with warfarin in patients
with non-valvular atrial fibrillation and moderate renal impairment. European Heart
Journal. 2011;32(19):2387-2394

81

82

Anticoagulant Drugs

[50] Kubitza D, Becka M, Mueck W, Halabi A, Maatouk H, Klause N, et al. Effects of
renal impairment on the pharmacokinetics, pharmacodynamics and safety of rivaroxaban, an oral, direct factor Xa inhibitor. British Journal of Clinical Pharmacology.
2010;70(5):703-712
[51] Eerenberg ES, Kamphuisen PW, Sijpkens MK, Meijers JC, Buller HR, Levi M. Reversal
of rivaroxaban and dabigatran by prothrombin complex concentrate: A randomized,
placebo-controlled, crossover study in healthy subjects. Circulation. 2011;124:1573-1579.
DOI: 10.1161/CIRCULATIONAHA.111.029017
[52] Lopes RD, Alexander JH, Al-Khatib SM, Ansell J, Diaz R, Easton JD, et al. Apixaban for
reduction in stroke and other ThromboemboLic events in atrial fibrillation (ARISTOTLE)
trial: Design and rationale. American Heart Journal. 2010;159(3):331-339
[53] Bansal VK, Herzog CA, Sarnak MJ, Choi MJ, Mehta R, Jaar BG, et al. Oral anticoagulants to
prevent stroke in nonvalvular atrial fibrillation in patients with CKD stage 5D: An NKFKDOQI controversies report. American Journal of Kidney Diseases. 2017;70(6):859-868

