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The atrial fibrillation conundrum in
dialysis patients
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Abstract The burden of atrial fibrillation (AF) and the risk of stroke are high in dialysis patients. The decision to use
anticoagulation rests heavily on effective risk stratification. Because both the pathophysiology of the disease and the response to
therapy differ in dialysis, data from the general population cannot be extrapolated. The effect of vitamin K antagonists (VKAs) on the
risk of stroke in dialysis patients with AF has not been studied in randomized trials. The available observational data provide
contradictory results, reflecting differences in the degree of residual confounding, quality of international normalized ratio control, and
stroke characterization. Dialysis patients have a high baseline bleeding risk. It remains unclear to what extent VKAs affect the overall
bleeding propensity, but they may significantly increase the risk of intracerebral hemorrhage. Vascular calcifications are extremely
prevalent in dialysis patients and independently associated with an adverse outcome. Vitamin K antagonists inhibit the activity of key
anticalcifying proteins and may thus compound the risk of vascular calcification progression in dialysis. In the absence of evidence-
based guidelines for anticoagulation in dialysis patients with AF, we provide recommendations to assist clinicians in individualized
risk stratification.We further propose that new oral anticoagulants may have a better benefit-risk profile in dialysis patients than VKA,
provided appropriate dose reductions aremade.Neworal anticoagulantmay yieldmoreon-target anticoagulation, reduce the risk of
intracerebral bleeding, and not interfere with vascular calcification biology. Clinical trials with new oral anticoagulant in dialysis
patients are eagerly awaited, to reveal whether these assumptions can be confirmed. (Am Heart J 2016;174:111-119.)
Atrial fibrillation (AF) is very common in dialysis
patients and its prevalence has risen substantially over
the past few decades,1 mainly reflecting the increasing
age and comorbid conditions of the dialysis population.
In accordance with recent guidelines,2 a sizable propor-
tion of these patients are treated with vitamin K
antagonists (VKAs), with the intention to reduce the
risk of stroke and systemic embolism. However, evidence
is mounting that the benefit-risk ratio of VKA and patient
risk stratification tools applicable to the general popula-
tion may not be extrapolated to patients with end-stage
renal disease (ESRD). Concerns about the use of VKA in
dialysis patients have been mainly ventilated in the
nephrology literature, although VKAs are preferentially
prescribed by cardiologists. The present in-depth review
intends to give a balanced account of the risks and
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benefits of VKA specifically in the dialysis population,
highlighting 3 main aspects: protection against stroke,
risk of major bleeding and in particular intracerebral
hemorrhage, and progression of vascular calcifications.

Epidemiology and pathophysiology of
AF in dialysis patients
A systematic review including 25 studies in patients

with ESRD reported an average prevalence of 11.6%
(range 5.4%-27%) and incidence of 2.7/100 patient-years
(range 0.97-5.9/100 patient-years) of AF.3 This wide
scatter is undoubtedly related to the variability in age
distribution and racial composition of the study popula-
tion and to the AF identification strategies. Because
two-thirds of AF in dialysis may be paroxysmal3 and
several studies only reported symptomatic episodes, the
true incidence of AF in this population may be largely
underestimated.
Age is one of the most important risk factors for

development of AF, with an increase in odds of 25% per
5-year increments.4 However, the occurrence of AF in
dialysis patients markedly exceeds that in the general
population for each age category,4 in large part due to the
high burden of comorbid conditions known to be
associated with AF. For instance, patients 67 years or
older when initiating dialysis had an incidence of AF of
14.8/100 patient-years,1 as compared with 2.8/100
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patient-years in the general Medicare population in the
same age range.5 Blacks, Asians, Native Americans, and
Hispanics are at substantially lower risk for incident AF
compared with whites,1 somewhat counterintuitively in
view of the less favorable cardiovascular risk profiles of
black and Hispanic patients, suggesting a role for genetic
or epigenetic factors in the genesis of AF in dialysis.
Although chronic kidney disease (CKD) is a well-

known risk factor for AF, incident AF is independently
associated with a 67% higher rate of subsequent ESRD.6

These observations highlight a bidirectional relationship
between AF and CKD, fueled by inflammatory and
profibrotic factors, neurohumoral activation, and altered
hemodymamics. Finally, the hemodialysis procedure
itself, with its periodic swings in fluid and electrolyte
status, may be a risk factor for the onset of AF.
Registration of the exact time of onset of AF, by
continuous implantable cardioverter defibrillator moni-
toring, demonstrated that most episodes occurred during
dialysis, especially toward the end of the procedure.7 The
occurrence of AF was associated with higher ultrafiltra-
tion rates and lower diastolic pressure after dialysis,
suggesting a role of intravascular volume depletion.7 In
addition, dialysis induces a prolongation of the P-wave
duration, a measure of intra-atrial conduction velocity,
closely linked to the reduction of serum potassium
concentration during the procedure.8

Epidemiology and pathophysiology of
stroke in dialysis patients
Based on an overview of 20 studies in dialysis

populations, the incidence of stroke can be estimated
to be between 3.1 and 9.5/100 patient-years, and 71% to
87% of strokes can be characterized as ischemic.9 Studies
reporting on an exclusively Japanese population found a
lower incidence, with a relatively higher proportion of
hemorrhagic strokes.9 The increased risk of stroke (up to
10 times higher than in the general population) obviously
reflects the high burden of traditional stroke risk factors
in the dialysis population, although emerging evidence
reveals that CKD-specific risk factors, including mineral
and bone disorders, chronic inflammation, and uremic
toxins, may also play a role.9 A particularly relevant
question is whether in the dialysis population, AF poses a
true risk of ischemic stroke and, as a consequence,
whether (any form of) anticoagulation is warranted in
these patients. It has been suggested that uremic platelet
dysfunction and thrice-weekly systemic anticoagulation
during dialysis protect against ischemic stroke in dialysis
patients with AF. In addition, strokes are more likely to be
hemorrhagic than in the general population. Although
the association between stroke and AF appeared to be
less apparent in some studies,10 a meta-analysis of 13
studies reported an event rate of 5.2/100 patient-years in
dialysis patients with AF vs 1.9/100 patient-years in those
without AF.3 Atrial fibrillation patients on renal replace-
ment therapy not receiving VKA have a higher risk of
stroke compared with AF patients without CKD, ranging
from 5.5-fold in the low-risk to 1.6-fold in the high-risk
CHA2DS2-VASc strata.

11 It would appear therefore that AF
indeed causes ischemic stroke in dialysis patients,
perhaps with a lower attributable risk than in the general
population, which leads to the important question of risk
stratification. Are the CHADS2 and the CHA2DS2-VASc
scores useful to stratify stroke risk in dialysis patients with
AF and guide the decision to initiate anticoagulation?
Although neither score has been formally validated in
populations with CKD, both the CHADS2

4,12 and the
CHA2DS2-VASc score13 were reported to adequately
predict stroke risk in patients undergoing dialysis.
However, a closer look at the data reveals a significant
problem in applying these scores to ESRD patients. In a
population of 10,999 Asian dialysis patients with AF
perceived by physicians as being at low risk of stroke, less
than 4% had a CHA2DS2-VASc score lower than 2.13

Similarly, less than 10% of 12,284 US dialysis patients with
newlydiagnosedAFhadaCHA2DS2-VASc score lower than2.14

In essence, the components of the CHA2DS2-VASc score
(congestive heart failure, hypertension, advanced age,
diabetes, previous stroke, vascular disease) are so prevalent
in dialysis patientswithAF, thatmostwhowould qualify for
oral anticoagulation were the guidelines for the general
population be extrapolated to ESRD. In our opinion, the
current application of the CHA2DS2-VASc score does not
adequately discriminate between dialysis patients deriving
a net benefit and those suffering a net harm from
anticoagulation. Perhaps the threshold for anticoagulation
should be set higher than 2, the weight of certain
components of the CHA2DS2-VASc score should be
modified, and other more dialysis-specific factors should
be taken into account.

Vitamin K antagonist and the risk of
stroke in dialysis patients
In the general population with AF, VKAs are an

extremely effective treatment, preventing nearly
two-thirds of strokes with an acceptable risk of major
bleeding.15 In high-risk AF patients with stage 3 CKD,
VKA have a similar efficacy for prevention of ischemic
stroke with a low rate of major hemorrhage.16 Such clear
evidence derived from randomized controlled trials
(RCTs) is absent in patients with ESRD. Observational
studies4,11,14,17–23 have yielded conflicting results (Table I) and
generated clinical equipoise. A meta-analysis of 6 observational
studies reported no benefit of VKA in ESRD,24 but did not
include a number of recent large studies.11,14,18,22

Observational studies inevitably suffer from confounding
by indication. Patients at the highest risk for stroke receive
anticoagulation; therefore, patients on VKA appear to have
higher stroke rates. This was very nicely illustrated in the



Table I. Observational studies of VKA and the risk of stroke and/or death in patients undergoing renal replacement therapy

Study (reference) Population Outcome HR (95% CI)

Benefit
Olesen et al17 1074 hemodialysis, 212 peritoneal dialysis, 92 kidney transplant Total stroke 0.44 (0.26-0.74)
Bonde et al11 1026 hemodialysis, 344 peritoneal dialysis,

25 kidney transplant with CHA2DS2-VASc score ≥2*
All cause mortality 0.85 (0.72-0.33)

Carrero et al18 478 post-MI with eGFR ≤15 mL/min Composite of death, MI,
ischemic stroke

0.57 (0.37-0.86)

Shen et al14 12,284 prevalent hemodialysis Ischemic stroke 0.68 (0.47-0.99)
No benefit

Wizemann et al4 1001 prevalent hemodialysis ≤65 y Total stroke 1.29 (0.45-3.68)
1137 prevalent hemodialysis 65-75 y Total stroke 1.35 (0.69-2.63)

Winkelmayer et al19 2313 prevalent hemodialysis N65 y Total stroke 1.08 (0.76-1.55)
Ischemic stroke 0.92 (0.61-1.37)
Hemorrhagic stroke 2.38 (1.15-4.96)

Wakasugi et al20 60 prevalent hemodialysis Ischemic stroke 1.94 (0.63-5.93)
Shah et al21 1626 prevalent hemodialysis and peritoneal dialysis Ischemic stroke 1.14 (0.78-1.67)
Genovesi et al22 290 prevalent hemodialysis Ischemic stroke 0.12 (0.00-3.59)

Harm
Chan et al23 1671 incident hemodialysis Total stroke 1.93 (1.29-2.90)

Ischemic stroke 1.81 (1.12-2.92)
Hemorrhagic stroke 2.22 (1.01-4.91)

Wizemann et al4 1107 prevalent hemodialysis N75 y Total stroke 2.17 (1.04-4.53)

A literature search was performed using the electronic databases PubMed, EMBASE, and the Cochrane Library Database to retrieve relevant articles from 1980 to September 2015.
No language restrictions were applied. Keywords included were “atrial fibrillation”/“warfarin,” “oral anticoagulation,” “vitamin K antagonists,” “thromboprophylaxis”/“dialysis,”
“hemodialysis,” “end-stage renal disease,” “chronic kidney disease”/“stroke.” Guidelines from scientific committees and reference lists of identified studies were also reviewed for
relevant publications.
Abbreviations: HR, hazard ratio; MI, myocardial infarction; eGFR, estimated glomerular filtration rate.
*A. Bonde, personal communication.
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nondialysis CKD setting,where the 13% reduction in stroke
reported by an observational trial21 underestimated the
74% reduction observed in an RCT.16 Even with sophisti-
cated statistical methodology, unidentified and residual
confounding remains, essentially because the simple
prevalence of a risk factor (and not its severity, duration,
and treatment) cannot capture the associated risk. Some
studies included a small number of patients on peritoneal
dialysis,11,17,18,21 stage V CKD not yet on dialysis,18 or
kidney transplant recipients11,17 besidesmost hemodialysis
patients. Limited observational data suggest a benefit of
VKA in peritoneal dialysis25 and a neutral effect in
transplant recipients.26 It thus remains unclear if the
heterogeneity of the CKD population included in various
studies may have affected the outcome of the studies. Finally,
absence of detailed stroke characterization and knowledge of
the length of time the patient is in the therapeutic
international normalized ratio (INR) range (TTR) further
complicate the interpretation of the results. Intensity of
anticoagulation is the most important predictor of VKA
effectiveness and safety.27 The cause of stroke could therefore
have been inadequate as well as excessive anticoagulation in
some of these studies. Indeed, a number of studies
documented that dialysis patients on VKA experiencing a
thromboembolic event had an INR less than 2.20,22,28

Therefore, it may come as no surprise that studies reporting
a benefit of VKAmainly have beenperformed in Scandinavian
countries,11,17,18 renowned for the quality of INR control.
Bleeding in dialysis patients
Impaired platelet function and routine trice-weekly

administration of heparin significantly increase the
bleeding risk in hemodialysis patients. Even in hemodi-
alysis patients not taking antiplatelet agents or oral
anticoagulants, the rate of bleeding requiring hospitaliza-
tion is 4.9/100 patients-years.12 None of the bleeding risk
scores developed for the general population29–31 (Table II)
have been validated in dialysis patients. A review of the
components of these risk scores reveals that most dialysis
patients will fall in the high-risk categories, compromising
the discriminative value in this specific population.
However, history of gastrointestinal bleeding within the
past 12months was the strongest predictor of major future
bleeding12 and could therefore be used as a practical tool to
stratify bleeding risk. Hemodialysis patients with a history
of gastrointestinal bleeding had a very high rate of
subsequent bleeding (nearly 20/100 patient-years) that
substantially exceeded the stroke rate, even in those with a
high estimated stroke risk.12

Bleeding complications with VKA in
dialysis patients
In a large international cohort of hemodialysis patients,

the use of oral anticoagulants was associated with a rate
of bleeding requiring hospitalization of 7.8/100 patient-
years,12 to be compared with a rate of major bleeding of



Table II. Bleeding risk scores

Score acronym (reference) Components High risk

Modified Outpatient Bleeding Risk Index (mOBRI)29 Age N65 y (1), history of stroke (1), history of gastrointestinal bleeding
(1), recent myocardial infarction (1), Hct b30% (1), Cr N1.5 mg/dL (1), diabetes (1)

Score ≥4

HEMORR2HAGES30 Hepatic or renal disease (1), ethanol abuse (1), malignancy (1), age ≥75 y
(1), reduced platelet count or function (1), rebleeding risk (2), hypertension
(1), anemia (1), genetic factors (1), excessive fall risk (1), stroke (1)

Score ≥4

ATRIA Bleeding Risk Score30 Anemia (3), eGFRb30 mL/min (3), age ≥75 y (2), history of bleeding (1), hypertension (1) Score ≥5
HAS-BLED Score30 Hypertension (1), abnormal renal (1) or liver (1) function, stroke (1),

bleeding (1), labile INR (1), elderly—age N65 y (1), drugs (1) or alcohol (1)
Score ≥3

ORBIT Score31 Older age N74 y (1), reduced hemoglobin (2), bleeding history (2),
insufficient kidney function (1), treatment with antiplatelets (1)

Score ≥4
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approximately 2/100 patient-years in the general popula-
tion using anticoagulants.32 The existing literature
consists exclusively of observational studies and is highly
contradictory. Bleeding risk in hemodialysis patients on
VKA as compared with those not on VKA has been
reported to be significantly increased,21,22 nonsignifi-
cantly increased,17,33 or not increased.14,18–20,23 Howev-
er, VKA doubled the rate of hemorrhagic stroke (2.6 vs
1.1/100 patient-years),19 which may be intrinsically
related to its mode of action, as discussed below.
Maintaining a therapeutic INR in hemodialysis patients

is challenging and requires close monitoring. Patients
with severe CKD require lower doses of VKA, spend less
time in the therapeutic range, and are at higher risk for
excessive anticoagulation.34 Several studies demonstrat-
ed that appropriate anticoagulation protects against
bleeding complications22,28 and, conversely, that major
bleeding occurs during episodes of overanticoagulation.23

Thrice-weekly administration of VKA to improve adher-
ence resulted in higher TTR (57% vs 49%) and lower time
with INRN4 (2.7%vs 4.3%).35 Lowering the dose of heparin
during dialysis, although not formally studied in this
respect, may further minimize the risk of hemorrhagic
complications.
Warfarin-related nephropathy is a form of acute kidney

injury caused by widespread glomerular hemorrhage
causing obstructive red blood cell cast formation during
episodes of supratherapeutic INR, in particular in patients
with preexisting CKD.36 In a reanalysis of the RE-LY trial
comparing VKA and dabigatran, the decline in renal
function was more pronounced in the VKA arm.37 In
particular patients with poor INR control exhibited a
faster decline in renal function.37 Whether overanticoa-
gulation may result in more rapid loss of residual renal
function and contribute to adverse risk in hemodialysis
patients on VKA has not been studied.
Vascular calcifications in dialysis patients
In patients with CKD and in particular in those on

dialysis, vascular calcifications are highly prevalent,
severe, and rapidly progressive. Accelerated calcification
of intimal plaque, arterial media calcification,38 and aortic
and mitral valve calcification39 are often present simul-
taneously. Both the extent and the rate of progression of
vascular calcifications are potent predictors of all-cause
and cardiovascular mortality in the dialysis population.40

It has been argued that vascular calcifications are the end
stage of vascular inflammation and thus merely a marker
of arterial damage rather than causally related to adverse
outcome.41 However, patients with intimal calcification
are at higher risk for myocardial infarction, stroke,
peripheral vascular disease, and all-cause death. Medial
calcification reduces arterial elasticity and contributes to
left ventricular hypertrophy, diastolic dysfunction, and
ultimately heart failure in dialysis patients. Because of the
extensive interstitial fibrosis that accompanies left
ventricular hypertrophy, dialysis patients may be at
increased risk for arrhythmic death. Finally, valvular
calcification, particularly calcific aortic stenosis, com-
pounds the risk of left ventricular hypertrophy. Mitral
valve annulus calcification is associated with restriction of
leaflet opening, as well as increased transvalvular gradient
and left atrium enlargement and may add to the risk of
developing AF.42 There is a growing consensus that
vascular calcifications constitute a relevant treatment
target43 or, conversely, that therapies that promote
vascular calcifications should be avoided.

Vascular calcifications and VKA use
in dialysis patients
The anticoagulant effect of VKA hinges on the

inhibition of 2 enzymes of the vitamin K cycle, resulting
in endogenous vitamin K depletion (Figure). Vitamin K is
vital for the γ-carboxylation of vitamin K–dependent
proteins, including the coagulation factors (factor II, VII, IX,
andX), the inhibitors of coagulation (proteins S andC), and a
number of proteins responsible for inhibition of vascular
calcification. Thebest knownandmost powerful inhibitor of
calcification present in the arterial media is matrix-Gla
protein (MGP). Growth arrest–specific protein 6 (Gas-6) is
another vascular-protective vitamin K–dependent protein.44

Vitamin K antagonist may accelerate the vascular
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calcification process by impairing the activation of MGP and
Gas-6, an undesirable side effect that is unfortunately
intrinsic to the mechanism of action of these drugs. In
addition, the transglutaminase-2/β-catenin axis has been
identified as an MGP-independent mediator of VKA-induced
vascular calcification.45 Dialysis patients have subclinical
vitamin K deficiency,44 owing to poor dietary intake,
exhaustionbyhigh requirements in the procalcifying uremic
environment, and possibly uremic inhibition of the vitamin
K cycle.46 The dialysis population may thus be particularly
vulnerable to the procalcifying effects of VKA.
Although the theoretical concept of VKA-induced

vascular calcification has been reinforced by convincing
experimental animal data, conclusive clinical evidence is
currently lacking.44 Clinical studies, recently comprehen-
sively reviewed,44 reveal that patients on VKA have more
pronounced coronary artery, aortic and mitral valve, and
peripheral artery calcification. Unfortunately, all are
either retrospective cohort studies or cross-sectional
analyses, and thus suffer from the inevitable confounding
by indication. One recent study, however, was able to
minimize the bias imposed by the underlying cardiovas-
cular disease that is to be expected in patients on
long-term VKA.47 The prevalence of breast arterial
calcification detected on screening mammograms was
50% greater in women treated with VKA than in matched
controls, although the prevalence was not increased in
the mammograms performed prior to beginning therapy
with VKA.47 These results thus pointed at VKA rather
than underlying patient characteristics as the potential
mechanism responsible for the appearance and progres-
sion of vascular calcification. In a prospective evaluation
of hemodialysis patients with similar aortic compliance at
study initiation, treatment with VKA was independently
associated with progression of aortic stiffness as an
indirect marker of vascular calcification.48
Guidelines but no guidance
Given the lack of evidence from RCTs and the

conflicting messages derived from observational studies,
scientific societies2,49–52 have not issued strong recom-
mendations regarding anticoagulation management in
dialysis patients with AF, despite the high risk of stroke in
these patients (Table III). This uncertainty breeds
inconsistent physician practice patterns. A survey of
VKA prescribing practices of Canadian nephrologists
revealed a remarkably high variability in response and
physician uncertainty, especially for patients with a
combined increased risk of stroke and bleeding.53 The
insecurity is also reflected in a particularly low rate of
VKA use in ESRD compared with all other patient groups,
despite higher risk scores in ESRD.18 The ambiguity is
further revealed in wide variations in VKA prescribing



Table III. Anticoagulation guidelines in ESRD patients with AF

Scientific society (reference) Year Guideline

K-DOQI49 2005 Antithrombotic therapy (warfarin and aspirin) should be considered,
based on an assessment of the risk of embolism and of bleeding complications.
Dialysis patients are at increased risk for bleeding and careful
monitoring should accompany intervention.

KDIGO50 2011 Weighing the available evidence, the benefit of warfarin anticoagulation
for primary prevention of stroke in CKD 5D patients is questionable.

European Society of Cardiology51 2012 AF patients with severe renal failure have not been adequately studied
and their risk assessment is complex.

Canadian Society of Cardiology52 2014 There are no randomized trials data for nonvalvular AF patients
who are dialysis dependent, and we therefore cannot
recommend their routine anticoagulation.

American Heart Association/
American College of Cardiology/Heart Rhythm Society2

2014 For patients with nonvalvular AF with a CHA2DS2-VASc score of ≥2 and
who have end-stage CKD (creatinine clearance b15 mL/min) or are on hemodialysis,
it is reasonable to prescribe warfarin (INR 2.0-3.0) for oral anticoagulation.
(Level of Evidence: B)
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patterns for hemodialysis patients with AF across
countries, ranging from 2% in Germany to 26% in the
United States and 37% in Canada,4 or within geographic
regions, varying from 0% to 45% among Canadian
facilities.12
New oral anticoagulants
The new oral anticoagulants (NOACs) inhibit thrombin

(dabigatran) or activated factor X (rivaroxaban, apixaban,
edoxaban, betrixaban). Dabigatran, rivaroxaban, apixa-
ban, and edoxaban have been studied in large phase III
trials in the setting of nonvalvular AF and were found to
have an overall favorable risk-benefit profile vs VKA.54 In
patients with prosthetic heart valves, NOACs have
generally not been studied and in a single study failed
to prove of value.55 Because of substantial renal clearance
(dabigatran 80%, rivaroxaban 35%, apixaban 27%, edox-
aban 50%), the key efficacy trials implemented dose
adjustments in patients with mild to moderate CKD.
Betrixaban has only minimal renal excretion, but has so
far been evaluated in a small phase II trial only.56 The
relative efficacy and safety of the NOACs appears
consistent across the range of renal function included in
the individual trials,57 provided dose recommendations
are followed. As patients with a creatinine clearance b30
mL/min (b25 mL/min for apixaban) were systematically
excluded from all available clinical trials, there are no data
about the efficacy and safety of the NOACs in advanced
CKD and in patients on dialysis. Nevertheless, the US
Food and Drug Administration has extrapolated the
efficacy and safety data and approved dabigatran and
rivaroxaban for use in patients with a creatinine
clearance of 15 to 30 mL/min and apixaban, even in
patients with ESRD. Despite their formal contraindication
in patients with a creatinine clearance b15 mL/min,
dabigatran and rivaroxaban have been prescribed to,
respectively, 3.1% and 2.8% of AF patients on dialysis.58
In most cases, the reduced dose intended for patients
with moderate CKD was used, and a substantial
proportion of patients were given the full dose.58 The
finding of excess morbidity and mortality from bleeding
with dabigatran and rivaroxaban compared with VKA is
therefore not surprising58 and epitomizes the discrepan-
cies between RCTs, official recommendations, and
“real-life” medicine.
Nevertheless, we contend that NOACs hold great

promise for the dialysis population, on condition that
appropriate dosing is implemented. Recently, a compre-
hensive pharmacokinetic analysis was performed for
rivaroxaban, offering a dosing guideline specifically for
the hemodialysis population.59 Preliminary pharmacoki-
netic data in hemodialysis patients have also been
reported for apixaban60 and edoxaban.61 For dabigatran,
only pharmacokinetic modeling data are available.62

The NOACs may provide a substantially more favorable
risk-benefit ratio than the VKA for hemodialysis patients
for several reasons. First, anticoagulation may be more
consistent and predictable, with less interaction with
food and other drugs. In a population notorious for low
TTR on VKA, more on-target anticoagulation with NOACs
may translate in a better protection against stroke.
Furthermore, NOACs may protect dialysis patients against
hemorrhagic stroke. The high risk of intracranial hemor-
rhage seen with VKA has generally been attributed to
impaired anticoagulation. However, NOACs pose a 50%
lower risk of intracranial hemorrhage, consistent across
studies.54 Even when used in inappropriately high doses
in dialysis patients, dabigatran and rivaroxaban were
associated with a 4 times lower rate of hemorrhagic
stroke than the VKA, despite an overall increased
incidence of severe and fatal bleeding.58 This surprising
finding may be related to the inhibition of MGP by VKA.
MGP knockout mice feature an abnormal angiogenesis
and an increased risk of intracranial bleeding,63 perhaps
because they develop a more fragile microvasculature.
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Finally, as NOACs do not interferewith vitamin K–dependent
proteins, they are not expected to accelerate progression
of vascular calcifications. Animal experiments even dem-
onstrated beneficial effects of NOACs on the development
of atherosclerosis.64 The published efficacy NOAC trials
were not designed to detect vascular calcification–related
end points, but several trials comparing the effect of
NOACs and VKA on progression of vascular calcification
are currently ongoing.65

The lack of specific antidotes for NOACs is concerning,
particularly in a frail and old population with a high
baseline bleeding risk. Several agents that directly reverse
the effects of NOACs are currently in different stages of
development66 and idarucizumab (Praxbind®, Boehrin-
ger Ingelheim), the first monoclonal antibody to reverse
the effects of dabigatran,67 was recently approved by the
US Food and Drug Administration and the European
Medicines Agency. Pending their broad availability for
clinical use, reversal of the anticoagulant effect of anti-Xa
antagonists (but not dabigatran) can be attempted with
prothrombin complex concentrates that promote throm-
bin generation.68

Left atrial appendage closure
Percutaneous closure of the left atrial appendage is an

alternative to oral anticoagulation for the prevention of
stroke and systemic embolism in high-risk patients with
AF. The clinical effectiveness and safety of this technique
has been the subject of a series of clinical trials and
registries, recently reviewed in a meta-analysis.69 As
compared with VKA, left atrial appendage closure was
associated with similar rates of all-cause stroke, a higher
rate of ischemic stroke, and a lower rate of hemorrhagic
stroke and nonprocedural bleeding.69 Unfortunately,
patients with CKD were excluded from all published
trials (D. Holmes, personal communication). The risk-be-
nefit ratio of this technique in the dialysis population is
therefore unknown.
Conclusion
Patients with CKD and in particular those on dialysis

differ from the general population for their increased risk
of both ischemic and bleeding events, and propensity to
develop vascular calcification. These peculiarities pro-
foundly alter the benefit-risk ratio of VKA and preclude
the simple extrapolation of guidelines from the general
population. In the absence of RCT that delineate effective
risk stratification in dialysis patients with AF, clinicians
are currently left with little but their common sense
to decide whether or not to start or continue VKA in
their patients.
Pending the development of a dialysis-specific stroke

risk score that takes into account the actual determinants
of stroke in this population, clinicians should know that
AF remains important among the risk factors for stroke in
dialysis patients, albeit less consistently than in the
general population. Unfortunately, none of the available
bleeding risk scores have a better predictive power than
the simple assessment of history of gastrointestinal
bleeding. In the absence of a dialysis-specific bleeding
risk score, caution with VKA is warranted in frail, elderly
patients, particularly when they have a history of major
bleeding. When the decision to initiate VKA is made, the
dose of heparin during dialysis should be minimized, and
if the patient is already taking antiplatelet agents, their
indication should be reevaluated. Finally, VKA should be
avoided in patients with clinical evidence of vascular
calcifications. Taken together, the threshold to initiate
VKA in dialysis patients should probably be much higher
than in the general population. New oral anticoagulants
may have a more favorable risk-benefit ratio than VKA in
dialysis patients, with the unassailable condition that
appropriate dosing be implemented. So far, no clear
dosing strategies are available for dialysis patients, except
for rivaroxaban.59 We look forward to a carefully
designed clinical trial with NOACs in dialysis patients
with AF,65 providing data to support or dispute the
assumption that they may have benefits in this popula-
tion. Ideally, prospective validation in a large patient
cohort of a (as yet to develop) dialysis-specific stroke and
bleeding risk score should precede the conduction of
such a trial.
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