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Atrial fibrillation (AF) and chronic kidney disease (CKD) often coexist as they share multiple risk factors, including

hypertension, diabetes mellitus, and coronary artery disease. Although there is irrefutable evidence supporting

anticoagulation in AF in the general population, these data may not be transferable to the setting of advanced CKD,

where the decision to commence anticoagulation poses a conundrum. In this cohort, there is a progressively increased risk

of both ischemic stroke and hemorrhage as renal function declines, complicating the decision to initiate anticoagulation.

No definitive clinical guidelines derived from randomized controlled trials exist to aid clinical decision-making, and the

findings from observational studies are conflicting. In this review, the authors outline the pathophysiological mechanisms

at play and summarize the limited existing data related to anticoagulation in those with concomitant CKD and AF. Finally,

the authors suggest how to approach the decision of whether and how to use oral anticoagulation in these patients.

(J Am Coll Cardiol 2019;74:2204–15) © 2019 Published by Elsevier on behalf of the American College of Cardiology Foundation.
A trial fibrillation (AF), the most commonly
occurring sustained arrhythmia worldwide,
is associated with an increased risk of throm-

boembolic stroke and all-cause mortality. In the gen-
eral population with AF at increased risk for
thromboembolic complications, oral anticoagulant
therapy (OAT) for stroke thromboprophylaxis is uni-
versally recommended in clinical guidelines (1–5).
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Chronic kidney disease (CKD), affecting up to 15%
of adults worldwide, is associated with increased
cardiovascular disease (CVD) risk and age-
standardized all-cause mortality, independent of
other known risk factors (6,7) (Figure 1). It is not
necessarily the case that therapeutic interventions,
whose efficacy and safety profiles are well under-
stood in the non-CKD setting, can be utilized in CKD
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HIGHLIGHTS

� The decision to initiate OAT poses a
clinical conundrum in patients with
coexisting AF and advanced CKD.

� In CKD, several pathophysiological fac-
tors result in a progressively increased
risk of both ischemic stroke and hemor-
rhage as renal function declines, irre-
spective of OAT.

� The limited available data suggests that
DOACs should generally be favored over
VKAs in view of their probable increased
safety and efficacy in CKD, with a lower
risk of vascular calcification and
anticoagulant-associated nephropathy.

� Until dedicated RCTs are completed to
define optimal management, clinical
decision-making should be informed by
the limited data available, which neces-
sitates individualization and physician-
patient collaboration.

AB BR E V I A T I O N S

AND ACRONYM S

ACC = American College of

Cardiology

AF = atrial fibrillation

AHA = American Heart

Association

CKD = chronic kidney disease

DOAC = direct oral

anticoagulant

EHRA = European Heart

Rhythm Association

HRS = Heart Rhythm Society

KDIGO = Kidney Disease:

Improving Global Outcomes

OAT = oral anticoagulant

therapy

VKA = vitamin K antagonist
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patients with a similar risk-to-benefit ratio. Indeed,
there are situations where it has been shown to be
incorrect to extrapolate from non-CKD to CKD cohorts
(e.g., statins do not reduce mortality in patients with
stage 5 CKD) (8). To date, the few large observational
studies that have specifically studied the outcomes of
OAT in patients with coexisting advanced CKD and AF
have yielded conflicting results, in both nondialysis
(9–12) and end-stage renal disease (ESRD) cohorts
(13–18). Interestingly, some series have reported a
paradoxical increase in ischemic stroke in non-ESRD
(12) and hemodialysis patients with AF treated with
OAT (16). This highlights the compelling need for
adequately powered randomized controlled trials
(RCTs) to provide clarity on this issue.

It is the purpose of this review to address the
evidential gap of whether, when, and how to attempt
OAT in patients with concomitant AF and advanced
CKD to safely reduce the risk of subsequent stroke.

ARRHYTHMIAS IN CKD

Arrhythmias including AF, atrial flutter, ventricular
arrhythmias, and sudden cardiac death are frequent in
patients with advanced CKD (19). They are associated
with stroke, vascular dementia, myocardial infarction,
heart failure, progressive CKD, and death.
Population-based studies suggest that AF
occurs in around 1 in 5 patients with CKD not
receiving dialysis (20), and about 1 in 3 pa-
tients receiving dialysis (21,22). Although the
prevalence of AF is reported to be up to 10-fold
higher in patients with CKD age <55 years
compared with age-matched nondialysis pa-
tients, it is in those over the age of 60 years
that the prevalence of AF is the highest (21). As
renal function declines, the prevalence of AF
increases; among 235,818 subjects followed
for 6 years, AF prevalence increased by 57%
for those with an estimated glomerular
filtration rate (eGFR) <30 ml/min/1.73 m2

compared with 32% for those with an eGFR of
30 to 59 ml/min/1.73 m2 (23).

A number of mechanisms have been pro-
posed to account for why AF is more common

in CKD patients. CKD is associated with a number of
arrhythmogenic substrates, which can result in the
development of AF (Table 1). Activation of the renin-
angiotensin-aldosterone system, occurring in CKD
and associated with progressive renal disease, in-
creases circulating levels of angiotensin II, which
contribute to atrial myocyte apoptosis and interstitial
fibrosis (24). Studies in patients without CKD have
found a correlation between markers of inflammation
and AF burden (25), and an inverse relationship be-
tween levels of inflammation and maintenance of si-
nus rhythm following cardioversion (26). Similarly,
inflammatory markers are elevated in CKD patients,
and the prevalence of AF in patients with CKD is
higher in the presence of a chronically elevated level
of CRP (27). Left atrial enlargement and diastolic
dysfunction are more common in patients with than
without CKD, (28), and this is associated with AF (20).
Myocardial fibrosis is common in CKD, and this may
provide a structural substrate which enhances atrial
re-entrant excitation (29).

AF in CKD is associated with stroke, heart failure,
progressive CKD, and death, as well as the potential
adverse consequences of stroke risk prophylaxis us-
ing OAT. In a study of over 116,000 patients with CKD
(eGFR <60 ml/min/1.73 m2), new-onset AF was asso-
ciated with a higher incidence of both stroke and
death (30). AF is not only an independent predictor of
death, but also a marker of underlying CVD and its
associated impact (19). In a study of 206,229 patients
with CKD, developing AF was associated with a 67%
enhanced risk of progression to end-stage renal dis-
ease (ESRD) at 5-year follow-up (31).



FIGURE 1 Stages of Chronic Kidney Disease
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disease; GFR ¼ glomerular filtration rate.

TABLE 1 Why Does C

Factor

Hypertension

Heart failure

Vascular disease

Diabetes mellitus

Urea and electrolyte
imbalance

Autonomic imbalance

AF ¼ atrial fibrillation; CKD
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CLOTTING AND BLEEDING IN CKD

Renal dysfunction causes alterations in hemostatic
systems that may result in both a prothrombotic state
and a bleeding diathesis (Figures 2 and 3). Changes in
coagulation are influenced by the various patho-
physiological mechanisms that cause CKD and also
differ in acute kidney injury (AKI) versus CKD and in
patients undergoing dialysis. The pathophysiological
mechanisms related to the effect of uremic toxins on
KD Predispose to AF?

Mechanism

Left ventricular hypertrophy, frequently due to hypertension, can cause
heart failure and myocardial fibrosis, each predisposing to AF.

This is a substrate for the development of AF through atrial dilatation,
fibrosis, and electromechanical remodeling.

Peripheral, cerebral, and coronary artery disease are associated with an
increased risk of AF.

Often associated with vascular disease, and thus the risk of AF, diabetes
mellitus is also associated with autonomic imbalance, and therefore
AF.

Uremia and hyperparathyroidism are associated with myocardial fibrosis,
which is arrhythmogenic. Dialysis induced ischemia and abnormal
pre-dialysis potassium are associated with AF. Dysregulation of
intracellular calcium flux also predisposes to AF.

Heightened sympathetic activity is common in CKD which, in turn,
predisposes to AF.

¼ chronic kidney disease.
various aspects of blood coagulation are poorly un-
derstood, and many of the studies that have tried to
address this experimentally were performed when
dialysis was in its infancy, and thus would benefit
from repetition with modern dialysis patients and
practices (32). The interactions among anti-
coagulation used for hemodialysis (typically heparin),
simultaneous use of 1 or more antiplatelet agents, and
OAT are poorly characterized in the dialysis popula-
tion with the risk of increased bleeding (33).

AF AND STROKE IN CKD PATIENTS

CKD is an independent risk factor for incident stroke
(34). There is a linear relationship between GFR and
risk of stroke increasing by 7% for every
10-ml/min/1.73 m2 GFR decrease (35). Albuminuria is
also independently associated with stroke and
cognitive impairment. The presumed etiology of
these pathologies in CKD is multifactorial.

Both CKD and stroke share common traditional risk
factors such as diabetes mellitus, smoking, hyper-
tension, hypercholesterolemia, and AF. Disorganized
atrial contraction with a reduction in atrial blood
flow, atrial fibrosis, endothelial and endocardial
injury and dysfunction, augmented expression of
tissue factor and von Willebrand factor, amplified
platelet activation, and fibrinolysis may all predis-
pose to thrombus formation and systemic emboliza-
tion in CKD patients with AF (34).

CHALLENGES OF QUANTIFYING LOSS OF

RENAL FUNCTION ON AN INDIVIDUAL

PATIENT BASIS

The most commonly used renal function estimation
equations based on serum creatinine concentration
and demographic variables are the Cockcroft-Gault
formula (CG), the Modification of Diet in Renal Dis-
ease Study (MDRD), and the most recent equation
from the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) (Table 2, Figure 1) (36).
Although most nephrologists favor the latest CKD-EPI
equation for diagnosing and classifying CKD, there is
no consensus about the best formula to use for
guiding drug dose choices; medical regulatory re-
quirements still mandate the use of the dated CG
formula despite it no longer being used in clinical
practice. This is a concern given the potential for drug
dosing errors; many commonly used medications in
patients with AF or heart failure require dose
adjustment according to renal function. There can be
striking differences between the derived GFR values
using these different equations (36).



FIGURE 2 Pathophysiology of the Increased Thrombotic Risk in Coexistent CKD and AF
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Alterations in the 3 components of Virchow’s triad contribute to the increased risk of thromboembolism in coexistent CKD and AF. Altered pro-thrombotic

blood constituents and increased platelet activity create a hypercoagulable state. Alterations in atrial anatomy and contractility, activation of the renin-

angiotensin-aldosterone system (RAAS), and altered vessel wall contractility secondary to inflammation result in deranged hemodynamics. Injury and

dysfunction of the cardiac muscle and vascular endothelium predisposes to thrombus formation. There is significant interplay between the individual

effectors and the components of the triad. IL ¼ interleukin.
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THE UTILITY OF BLEEDING AND CLOTTING

SCORING SCHEMES IN CKD

In the general population with AF, OAT is supported
by guidelines that mandate the use of scoring systems
to estimate thromboembolic and bleeding risk, most
commonly through the CHA2DS2-VASc (congestive
heart failure, hypertension, age $75 years, diabetes
mellitus, prior stroke, transient ischemic attack, or
thromboembolism, vascular disease, age 65–74 years,
sex category [female]) and HAS-BLED (hypertension,
abnormal renal or liver function, stroke, bleeding,
labile international normalized ratio, elderly, drugs or
alcohol) scores, respectively (5). Other scores include
CHADS2 (congestive heart failure, hypertension, age,
diabetes mellitus, prior stroke or transient ischemic
attack), R2CHADS2 (renal dysfunction, congestive
heart failure, hypertension, age, diabetes mellitus,



FIGURE 3 The Pathophysiology of Hemorrhage in CKD
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Platelet dysfunction which is common in chronic kidney disease (CKD) can degrade hemostasis facilitating a pro-hemorrhagic state. Altered composition of a-granules,

abnormal calcium mobilization, dysregulation of arachidonic acid metabolism, and increased oxidative stress all conspire to alter platelet function and activation.

Proteolysis of platelet glycoprotein (GP) IIb receptors and defective interactions with von Willebrand factor (vWF) reduces adhesion to denuded endothelium. Platelet

aggregation is compromised through competitive inhibition of the GPIIb/IIIa receptor complex by circulating fibrinogen fragments present in uremia and through

altered receptor function. Coexistent anemia alters platelet function through a variety of indirect mechanisms. Many common medications used in the context of CKD

treatment can act on the coagulation pathway; there are a number of regular dialysis and other procedures that mandate blood vessel wall breach with consequential

hemorrhage. ADP ¼ adenosine diphosphate; Ca2þ ¼ calcium ion; NO ¼ nitric oxide; NSAIDs ¼ nonsteroidal anti-inflammatory drugs; PGE2 ¼ prostaglandin E2;

PGH2 ¼ prostaglandin H2; PGI2 ¼ prostaglandin I2; TXA2 ¼ thromboxane A2.
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prior stroke or transient ischemic attack), ABC (Age,
Biomarkers [growth differentiation factor-15, high-
sensitivity cardiac troponin T, and hemoglobin], and
Clinical history [previous bleeding]), GARFIELD
(Global Anticoagulant Registry in the FIELD), and
ATRIA (Anticoagulation and Risk Factors in Atrial
Fibrillation) (to estimate stroke risk); and ABC, ATRIA,
GARFIELD, ORBIT (Outcomes Registry for Better
Informed Treatment), HEMORR2HAGES (hepatic or
renal disease [serum creatinine >2.5 mg/dl or end-
stage renal disease], alcohol abuse, malignancy, age
>75 years, reduced platelet count or function, prior
hemorrhage, uncontrolled hypertension, anemia,
genetic factors [CYP 2C9 single nucleotide poly-
morphisms], excessive fall risk, and history of stroke)
(to estimate hemorrhage risk) (37). Although these
scoring systems have been studied in a range of
populations, their transferability to the setting of CKD
is largely untested.

The most commonly used score for predicting
stroke risk, CHA2DS2-VASc, was superior to CHADS2 in
predicting the risk of ischemic stroke in a Taiwanese
cohort of patients with ESRD requiring dialysis. How-
ever, neither of these scoring systems takes into



TABLE 2 The Most Commonly Used Equations for the Derivation of GFR From Serum Creatinine and a Number of Other Parameters

Method Equation Additional Variables

Cockroft and Gault GFR ðml =minÞ ¼ ð140� ageÞ �weight ðkgÞ
7:2� SCr ðmg=dlÞ

� 0.085 if female

MDRD 4-Variable study equation GFR ðml =min=1:73 m2Þ ¼ 186� SCr ðmg=dlÞ�1:154 � age�0:203 � 0:742 ðif femaleÞ � 1.21 if Black-American
� 0.763 if Japanese
� 1.233 if Chinese

MDRD 4-Variable study equation
(IDMS traceable)

GFR ðml =min=1:73 m2Þ ¼ 175� SCr ðmg=dlÞ�1:154 � age�0:203 � 0:742 ðif femaleÞ � 1.21 if Black-American
� 0.763 if Japanese
� 1.233 if Chinese

CKD – EPI
creatinine equation GFR ¼ 141� min

�
SCr
k

; 1
�a

� max
�
SCr
k

; 1
��1:209

� 0:993age

a ¼ –0.329 if female, –0.411 if male
k ¼ 0.7 if female, 0.9 if male

min ¼ the minimum of SCr
k

or 1

max ¼ the maximum of
SCr
k

or 1

� 1.018 if female
� 1.159 if Black

A detailed discussion of this complex topic is beyond the scope of this paper, but readers are directed to Szummer et al. (36).

CKD-EPI ¼ Chronic Kidney Disease Epidemiology Collaboration; GFR ¼ glomerular filtration rate; IDMS ¼ isotope-dilution mass spectrometry; MDRD ¼Modification of Diet in
Renal Disease Study; SCr ¼ serum creatinine (mg/dl).

J A C C V O L . 7 4 , N O . 1 7 , 2 0 1 9 Kumar et al.
O C T O B E R 2 9 , 2 0 1 9 : 2 2 0 4 – 1 5 Anticoagulation in Patients With Coexisting AF and CKD

2209
account of loss of renal function (38). Moreover,
R2CHADS2, which does incorporate a measure of
renal status in the form of eGFR or creatinine
clearance <60ml/min, has not yet been validated at
creatinine clearances <30 ml/min. ATRIA has a single
risk inflection point at an eGFR <45 ml/min/1.73 m2

and does not further subdivide severity of renal
impairment or take into consideration the different
renal replacement therapy modalities that patients
may be receiving.

While the commonly used scores to estimate
bleeding (HAS-BLED, ATRIA, ORBIT, and HEMOR-
R2HAGES) attempt to reflect kidney function, they do
not utilize eGFR thresholds and they fail to
TABLE 3 Absorption and Metabolism of the Different DOACs

Dabigatran Apixaban

Bioavailability 3% to 7% 50%

Prodrug Yes No

Clearance nonrenal/renal
of absorbed dose

20%/80% 73%/27%

Plasma protein binding 35% 87%

Dialyzability 50% to 60% 14% (in part dialyzab

Liver metabolism:
CYP3A4 involved

No Yes (elimination, mode
contribution [z25%

Absorption with food No effect No effect

Absorption with H2B/PPI �12% to 30% (not
clinically relevant)

No effect

Asian ethnicity þ25% No effect

Elimination half-life, h 12–17 12

Other Dyspepsia (5% to
10%)

*Hepatic metabolism in total of z25%, mostly via CYP3A4, with minor contributions of
differentiate between patients receiving different
forms of renal replacement therapy. Current bleeding
scoring systems are unreliable when applied to dial-
ysis patients (39).

ORAL ANTICOAGULANTS IN CKD

VITAMIN K ANTAGONISTS. Vitamin K antagonists
(VKAs) interfere with the synthesis of functional
coagulation factors through inhibition of the vitamin K
epoxide reductase. Management with VKAs is chal-
lenging due to their narrow therapeutic range, unpre-
dictable dose-response, and interactions with drugs
and food, which necessitate close monitoring of the
Edoxaban Rivaroxaban

62% 15 min/20 mg: 66% without food,
80% to 100% with food

No No

50%/50% 65%/35%

55% 95%

le) n.a. (in part dialyzable) n.a. (in part dialyzable)

rate
]*)

Minimal (<4% of
elimination)

Yes (hepatic elimination 18%)

6% to 22% more; minimal
effect on exposure

39% more (see above)

No effect No effect

No effect No effect

10–14 5–9 (young)
11–13 (elderly)

Intake of 15 min/20 mg with food
mandatory

CYP1A2, 2J2, 2C8, 2C9, and 2C19. Adapted from Steffel et al. (3).



TABLE 4 DOAC Dosing and Oral Anticoagulation Medical Guidelines (2016 Onwards) for AF in CKD

Guidelines (Year) (Ref. #) Warfarin Dabigatran Apixaban Rivaroxaban Edoxaban

CrCl 30–59 ml/min AHA/ACC/HRS (2019) (5) Adjusted dose
INR 2–3

150 mg BID 5.0 or 2.5 mg
BID*

15 mg QD 30 mg QD

CHEST guideline (2018) (4) Adjusted dose
TTR >70%

150 or 110 mg BID (non-
U.S.)

5.0 or 2.5 mg
BID*

15 mg QD 30 mg QD

KDIGO (2018)† (2) Adjusted dose
INR 2–3

150 or 110 mg BID 5.0 or 2.5 mg
BID*

15 mg QD 30 mg QD

EHRA practical guide
(2018) (3)

Adjusted dose
INR 2–3

150 mg or 110 mg BID 5.0 or 2.5 mg
BID*

20 mg (or 15 mg if
CrCl <50)

30 mg QD

ESC (2016) (1) Adjusted dose INR
2–3

150 mg or 110 mg BID 5.0 or 2.5 mg
BID*

15 mg QD 30 mg (or 15 mg if
CrCl <50)

CrCl 15–29 ml/min AHA/ACC/HRS (2019) (5) Adjusted dose INR
2–3

75 mg BID 5.0 or 2.5 mg
BID*

15 mg QD Not recommended

CHEST Guideline (2018) (4) Adjusted dose
TTR >70%

75 mg BID (U.S. only)
Not recommended outside

U.S.

2.5 mg BID 15 mg QD 30 mg QD

KDIGO (2018)† (2) Consider adjusted
dose

INR 2–3

Unknown (consider 75 mg
BID)

Consider 2.5 mg
BID

Consider 15 mg QD Consider 30 mg QID

EHRA practical guide
(2018) (3)

Not discussed Not recommended 2.5 mg BID 15 mg QD 30 mg QD

ESC (2016) (1) Adjusted dose
INR 2–3

Not recommended Not
recommended if

CrCl <25

Not recommended Not recommended

CrCl <15 ml/min
(Dialysis)

AHA/ACC/HRS (2019) (5) Adjusted dose
INR 2–3

Not recommended 5.0 or 2.5 mg
BID*

Not recommended Not recommended

CHEST guideline (2018) (4) Adjusted dose
TTR >70%

Not recommended 5 mg BID‡ Not recommended Not recommended

KDIGO (2018)† (2) Equipoise Not recommended Consider
2.5 mg BID

Unknown (15 mg QD
mentioned)

Not recommended

EHRA practical guide
(2018) (3)

Not discussed Not recommended Not
recommended

Not recommended Not recommended

ESC (2016) (1) Not discussed Not recommended Not
recommended

Not recommended Not discussed

Regulatory authorities (e.g., European Medicines Agency and U.S. Food and Drug Administration) consistently use CrCl in their guidance. Many clinical authorities and clinical guideline groups use GFR.
Unfortunately, these are not synonymous and very significant differences can be seen between these systems for the same patients. Also, there is not complete overlap between the clinically used eGFR
classifications into CKD grades and the arbitrary subdivisions of CrCl offered in regulatory guidance. This further adds to confusion and impracticality of proffered advice. *Use apixaban 2.5 mg BID if any 2
patient characteristics are present: Cr >1.5 mg/dl (133 mmol/l), >80 years of age, body weight <60 kg. Apixaban is not recommended in patients with severe hepatic impairment. †KDIGO Controversies
Conference was held in 2016 but the outcomes were published in 2018. ‡In the United States only.

AHA/ACC/HRS ¼ American Heart Association Task Force/American College of Cardiology/Heart Rhythm Society; BID ¼ twice daily; CrCl ¼ creatinine clearance; EHRA ¼ European Heart Rhythm Association;
INR ¼ International Normalized Ratio; KDIGO ¼ Kidney Disease: Improving Global Outcomes; QD ¼ once daily; TTR ¼ time in the International Normalized Ratio target range.
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prothrombin time (International Normalized Ratio
[INR]) (40). The benefits of warfarin in AF patients with
mild and moderate CKD to reduce stroke is firmly estab-
lished (41). However, robust data on the benefits and
risks in patients with severe CKD and ESRD are lacking.

In patients with severe CKD, the proportion of time
in the INR target range is lower than in patients with
milder or no CKD (42). Low time in the INR target
range is associated with an increased risk for stroke,
bleeding, and death (43). Even though warfarin is
metabolized hepatically, patients with CKD require a
lower dose of warfarin compared with patients with
lesser or no renal impairment: typically 20% lower in
severe CKD (42). Patients with CKD have a more labile
INR and an increased risk for supratherapeutic INRs,
especially during initiation.

Another important consideration of VKA in CKD is
the risk of enhanced vascular calcification (44).
Vascular calcification is inhibited by Matrix Gla
Protein, a protein that also requires vitamin
K–dependent carboxylation to interact with calcium
similarly to the vitamin K–dependent coagulation
factors. Uncarboxylated Matrix Gla Protein may
further enhance vascular calcification, a specific
concern in CKD patients who have the burden of
excess calcium and phosphate body deposition (45).

CKD patients who receive OAT are susceptible to
anticoagulant-related nephropathy, which manifests
as AKI secondary to glomerular hemorrhage and renal
tubular obstruction as a consequence of excessive
anticoagulation (46). Notably, in patients treated with
warfarin, biopsy-proven anticoagulant-related ne-
phropathy occurred twice as frequently in those with
CKD compared to patients without underlying renal
disease (47).

DIRECT ORAL ANTICOAGULANTS. There are several
direct oral anticoagulants (DOACs) currently



TABLE 5 EMA/FDA Recommendation for CKD Stages 4 and 5D Patients

Dabigatran Apixaban Rivaroxaban Edoxaban

CrCl 15-30 ml/min FDA 75 mg BID 5 or 2.5 mg BID* 15 mg QD 30 mg QD

EMA Contraindicated 2.5 mg BID Limited clinical data —15 mg QD 30 mg QD

CrCl < 15 ml/min FDA Not approved 5 mg BID Limited clinical data—15 mg QD Not approved

EMA Contraindicated Contraindicated Contraindicated Contraindicated

Dialysis FDA Not approved 5 mg BID Limited clinical data—15 mg QD Not approved

EMA Contraindicated Contraindicated Contraindicated Contraindicated

Regulatory authorities (e.g., EMA and FDA) consistently use CrCl in their guidance. Many clinical professional societies and guideline groups use GFR. Unfortunately, these are
not synonymous, and very significant differences can be seen between these systems for the same patient. Unfortunately, there is not complete overlap between the clinically
used eGFR classifications into CKD grades and the arbitrary subdivisions of CrCl offered in regulatory guidance. This further adds to confusion and impracticality of proffered
advice. *Use apixaban 2.5 mg BID if any 2 patient characteristics are present: Cr >1.5 mg/dL (133 mmol/l), >80 years of age, body weight<60 kg. Apixaban is not recommended
in patients with severe hepatic impairment

5D ¼ patients receiving chronic dialysis; EMA ¼ European Medicines Agency; FDA ¼ U.S. Food and Drug Administration; other abbreviations as in Table 4.
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approved for clinical use in AF that act as direct in-
hibitors of factor Xa (apixaban, edoxaban, and rivar-
oxaban) or of thrombin (dabigatran). RCTs have
demonstrated a benefit of DOACs compared with
warfarin, including in patients with mild to moderate
CKD (48). A recent systematic review and meta-
analysis of >78,000 patients with nondialysis CKD
and AF found that DOACs had a superior safety and
efficacy profile to VKA, reducing stroke consistently
with fewer major bleeding events (49). Indeed,
contemporary evidence-based guidelines currently
recommend DOACs over VKAs if OAT is judged
appropriate, including those with CKD stages 1 to 3
(1–5). However, the situation in CKD stages 4 and 5 is
more nuanced, mainly because these patients have
been largely excluded from all of the registration and
post-registration trials.

Relevant drug characteristics of DOACs are sum-
marized in Table 3 (3). There is concern about drug/
metabolite accumulation in patients with severe CKD.
Although there is a dose-response relationship for
drug levels and bleeding (50,51), ideal therapeutic
ranges of drug concentrations are not yet clearly
established (3). Post hoc analyses of the RCTs have
revealed that DOACs, particularly dabigatran and
rivaroxaban, are associated with reduced loss of GFR
compared to warfarin (52,53). More trials with these
outcomes as their primary focus are urgently
required, particularly as there are currently in-
consistencies in the prescribed doses of DOACs in
routine clinical practice (54).

ORAL ANTICOAGULANT THERAPY IN CKD

In patients with mild/moderate CKD (eGFR 30 to
59ml/min or stage 3a and 3b), present evidence on OAT
suggests that it can be used safely and confers benefit.
In this category of patients, both VKAs and DOACs
have shown similar efficacy. In the majority of studies
on DOACs, their safety profile seems to be at least
noninferior or even superior to VKAs (55–57). Inter-
estingly, only when using the CKD-EPI equation was
there an interaction between dabigatran and renal
function in terms of risk of bleeding (58). It must be
conceded, however, in the RE-LY (Randomized Eval-
uation of Long-Term Anticoagulation Therapy) study,
the dose of dabigatran was not titrated to reflect the
degree of CKD. Furthermore, in a recent systematic
review and meta-analysis of 5 RCTs including 13,878
AF patients with moderate CKD, DOAC use was asso-
ciated with reduced risk of stroke/systemic embolism
(odds ratio [OR]: 0.79; 95% confidence interval [CI]:
0.67 to 0.94) and lower incidence of major bleeding
(OR: 0.74; 95% CI: 0.65 to 0.86) (59). In this context,
OAT is recommended by the European Society of Car-
diology, by the European Heart Rhythm Association
(EHRA), and in U.S, guidelines by the American Heart
Association Task Force/American College of Cardiol-
ogy/Heart Rhythm Society (AHA/ACC/HRS), American
College of Chest Physicians (CHEST guideline), and
Kidney Disease: Improving Global Outcomes (KDIGO)
conference reports (Table 4) (1–5).

In individuals with CKD stage 4, all guidelines
allow the use of warfarin, although the net-benefit
OAT itself has never been prospectively assessed in
an RCT in this patient population. Additionally, AHA/
ACC/HRS guidelines suggest treatment for patients
with nonvalvular AF and moderate-to-severe CKD
with CHA2DS2-VASc scores of 2 or greater, using
reduced doses of dabigatran and rivaroxaban (creat-
inine clearance 30 to 49 ml/min), or apixaban (if
creatinine clearance between 25 and 29 ml/min),
Class IIb, Level of Evidence: C. Although the EHRA/
KDIGO guidelines do not formally recommend the use
of DOACs in this category of patients, they do suggest
that they can be considered for use (Table 4).



CENTRAL ILLUSTRATION Proposed Approach to Stroke Thromboprophylaxis in a Patient With
Concomitant Chronic Kidney Disease and Atrial Fibrillation

Decision to anticoagulate based on
current clinical guidelines and randomized
controlled trial (RCT)-derived consensus

statements with direct oral
anticoagulants (DOACs) favored.*

Registry evidence favors DOAC over vitamin K antagonist (VKA) for both efficacy and safety.
If vascular calcification, calciphylaxis or glomerular hemorrhage are a concern, avoid VKAs.

Use appropriate (usually labelled) dose of OAT.‡

Yes
No

Yes
No

Consider non-
pharmacological

treatment method
(e.g., left atrial

appendage occlusion)
or no therapy

Anticoagulate only after
careful consideration of

benefit and harm.†

1CKD
Stage

eGFR eGFR

CKD
Stage2 3a 3b 4 5 5D

≥90 60-89 45-59 30-44 15-29 <15

No RCT-based evidence to
support oral anticoagulant

therapy (OAT). Does
individual circumstance,

clinician and patient
preference favor OAT?

Kumar, S. et al. J Am Coll Cardiol. 2019;74(17):2204–15.

*See references 1 to 5. †Existing scoring systems are not validated in this setting. ‡Please refer to Tables 4 and 5 for current dosage recommendations. 5D ¼ patients

receiving chronic dialysis; DOAC ¼ direct oral anticoagulant; OAT ¼ oral anticoagulant therapy; RCT ¼ randomized controlled trial; VKA ¼ vitamin K antagonist.
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Although there are limited efficacy and safety
outcome data, both the U.S. Food and Drug Admin-
istration (FDA) and European Medicines Agency have
approved reduced doses of apixaban, edoxaban, and
rivaroxaban in patients with an eGFR 15 to 30 ml/min;
the FDA has also approved the use of a specific low-
dose dabigatran (75 mg twice daily), based solely on
pharmacokinetic data, for these patients (Table 5).

In patients with CKD stage 5 and AF, there is no
RCT-derived evidence that OAT has a favorable
benefit–risk ratio. In this context, the EHRA did not
provide specific recommendations regarding anti-
coagulation in HD, underlining the absence of RCTs
for both VKAs and DOACs, and the contradictory re-
sults of observational studies reporting stroke prev-
alence. The KDIGO recommendations (2018)
concluded that there is insufficient high-quality evi-
dence to recommend VKAs for prevention of stroke in
CKD stage 5 patients with AF, especially when
balancing the significant risks of bleeding, acceler-
ated vascular calcification, and calcific uremic arte-
riopathy associated with VKA therapy. Most recently,
there was an updated 2019 AHA/ACC/HRS focused
update guideline for the management of patients
with AF; in this report there was a soft recommen-
dation for using OAT with either warfarin or apixaban
with the caveat “but further study is warranted” (5).

NO RCTs, BUT WHAT ABOUT REGISTRIES

AND REGULATORS?

A meta-analysis of 43,850 patients from 5 observa-
tional cohort studies including CKD stage 4 to 5 or 5D
found that the use of apixaban was associated with a
lower risk of major bleeding compared with warfarin,
and that is was relatively effective with no excess risk
of thromboembolic events (60). A recent systematic
review including 10 observational studies (3 with pa-
tients with eGFR <25 ml/min or on dialysis) found that
in dialysis patients, there was no difference in stroke
risk between apixaban, dabigatran (relative risk [RR]:
1.71; 95% CI: 0.97 to 2.99), or rivaroxaban (RR: 1.80;
95% CI: 0.89 to 3.64) versus warfarin (59). In hemodi-
alysis patients, rivaroxaban and dabigatran were
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associated with an increased major bleeding risk (RR:
1.45 to 1.76), whereas there was no major bleeding
difference with apixaban compared with warfarin. A
retrospective cohort study of Medicare beneficiaries
included in the U.S. Renal Data System (2,351 patients
on apixaban and 23,172 patients on warfarin) found
that apixaban use may be associated with a lower risk
of major bleeding compared with warfarin, with a
standard 5-mg twice daily dose also associated with
reductions in thromboembolic and mortality risk in
ESRD (14). A retrospective series of AF patients with
stage 4 and 5 CKD compared outcomes of 1,896 and
4,848 patients treated with rivaroxaban and warfarin,
respectively, using MarketScan data. Rivaroxaban was
associated with fewer major bleeding events than
warfarin, although neither anticoagulant reduced
stroke or systemic embolism (61).

Although the FDA does mention OAT usage, it is
crucial to understand that while both VKAs and
DOACs have a recommended dosing for dialysis pa-
tients with AF (Tables 4 and 5), the FDA itself has not
endorsed this indication for use in this population.
Both labels indicate, “it is not known whether these
concentrations will lead to similar stroke reduction
and bleed risk in patients with ESRD on dialysis as
was seen in ROCKET-AF/ARISTOTLE.” These de-
cisions appear to be underpinned by very limited
pharmacokinetic and pharmacodynamic studies
(62–65). The European Medical Agency has not yet
conformed with this approach.

NONANTICOAGULATIVE APPROACHES

Other options such as left atrial appendage occlusion
(LAAO) closure or excision may be a viable alterna-
tive to OAT in patients at risk of both cardioembolic
stroke related to AF and life-threatening or recurrent
major bleeding. Those with advanced CKD and AF
comprise the most at-risk group. One LAAO device is
approved in the United States, and several are
available in Europe; the technique is recommended
in major guidelines (1,5) and reviewed elsewhere
(66,67).
HOW TO APPROACH OAT IN PATIENTS WITH

CKD AND AF

Presently, there is no RCT-based evidence regarding
the benefit of OAT in patients with AF and advanced
CKD (Table 4). A suggested approach is provided in
the Central Illustration. A rigorous discussion of the
risk and benefits of OAT, taking into account patients’
characteristics and preferences is crucial to inform
the decision. If it is deemed appropriate to use OAT,
DOACs should generally be favored in view of the
limited efficacy and safety data available, along with
the increased risk of vascular calcification, calciphy-
laxis, and anticoagulant-associated nephropathy
(glomerular hemorrhage) associated with VKAs. If
OAT is not initiated, the viability of a non-
pharmacological treatment such as LAAO should be
considered, or whether in fact no therapy is the most
prudent choice.

CONCLUSIONS

Clinical trial and real-world clinical data from the
non-CKD setting cannot be reliably and safely
extrapolated into clinical practice for patients with
significant/dialysis-requiring CKD. Initiating OAT in
CKD patients is contentious due to their increased
propensity to both thrombosis and bleeding.
Furthermore, conventional scoring systems for esti-
mating bleeding and clotting risk are not validated in
CKD patients and cannot be relied upon alone for
clinical decision-making. Until dedicated RCTs are
undertaken, the decision of whether and how to
initiate OAT in patients with concomitant CKD and AF
requires an individualized approach with physician-
patient collaboration.

ADDRESS FOR CORRESPONDENCE: Dr. David
Goldsmith, Renal and Transplantation Department,
Guys and St. Thomas’ Hospitals NHS Foundation Trust,
Great Maze Pond, London SE1 9RT United Kingdom.
E-mail: professordavidgoldsmith@gmail.com. Twitter:
@StGeorgesUni, @GSTTnhs, @ucl.
RE F E RENCE S
1. Kirchhof P, Benussi S, Kotecha D, et al. 2016
ESC guidelines for the management of atrial
fibrillation developed in collaboration with EACTS.
Eur Heart J 2016;37:2893–962.

2. Turakhia MP, Blankestijn PJ, Carrero JJ,
et al. Chronic kidney disease and arrhyth-
mias: conclusions from a Kidney Disease:
Improving Global Outcomes (KDIGO) Con-
troversies Conference. Eur Heart J 2018;39:
2314–25.
3. Steffel J, Verhamme P, Potpara TS, et al.
The 2018 European Heart Rhythm Association
practical guide on the use of non-vitamin K
antagonist oral anticoagulants in patients with
atrial fibrillation. Eur Heart J 2018;39:
1330–93.

4. Lip GYH, Banerjee A, Boriani G, et al. Antith-
rombotic therapy for atrial fibrillation: CHEST
Guideline and expert panel report. Chest 2018;
154:1121–201.
5. January CT, Wann LS, Calkins H, et al. 2019
AHA/ACC/HRS focused update of the 2014 AHA/
ACC/HRS Guideline for the Management of Pa-
tients With Atrial Fibrillation: a report of the
American College of Cardiology/American Heart
Association Task Force on Clinical Practice Guide-
lines and the Heart Rhythm Society. J Am Coll
Cardiol 2019;74:104–32.

6. Tonelli M, Muntner P, Lloyd A, et al. Risk of
coronary events in people with chronic kidney

mailto:professordavidgoldsmith@gmail.com
https://twitter.com/StGeorgesUni
https://twitter.com/GSTTnhs
https://twitter.com/ucl
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref1
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref1
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref1
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref1
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref2
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref2
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref2
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref2
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref2
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref2
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref3
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref3
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref3
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref3
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref3
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref3
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref4
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref4
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref4
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref4
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref5
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref5
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref5
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref5
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref5
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref5
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref5
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref5
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref6
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref6


Kumar et al. J A C C V O L . 7 4 , N O . 1 7 , 2 0 1 9

Anticoagulation in Patients With Coexisting AF and CKD O C T O B E R 2 9 , 2 0 1 9 : 2 2 0 4 – 1 5

2214
disease compared with those with diabetes: a
population-level cohort study. Lancet 2012;380:
807–14.

7. Kumar S, Bogle R, Banerjee D. Why do young
people with chronic kidney disease die early?
World J Nephrol 2014;3:143–55.

8. Baigent C, Herrington WG, Coresh J, et al.
Challenges in conducting clinical trials in
nephrology: conclusions from a Kidney Disease-
Improving Global Outcomes (KDIGO) Contro-
versies Conference. Kidney Int 2017;92:297–305.

9. Olesen JB, Lip GY, Kamper AL, et al. Stroke and
bleeding in atrial fibrillation with chronic kidney
disease. N Engl J Med 2012;367:625–35.

10. Keskar V, McArthur E, Wald R, et al. The as-
sociation of anticoagulation, ischemic stroke, and
hemorrhage in elderly adults with chronic kidney
disease and atrial fibrillation. Kidney Int 2017;91:
928–36.

11. Jun M, James MT, Ma Z, et al. Warfarin initia-
tion, atrial fibrillation, and kidney function:
comparative effectiveness and safety of warfarin
in older adults with newly diagnosed atrial fibril-
lation. Am J Kidney Dis 2017;69:734–43.

12. Kumar S, de Lusignan S, McGovern A, et al.
Ischaemic stroke, haemorrhage, and mortality in
older patients with chronic kidney disease newly
started on anticoagulation for atrial fibrillation: a
population based study from UK primary care. BMJ
2018;360:k342.

13. Genovesi S, Rossi E, Gallieni M, et al. Warfarin
use, mortality, bleeding and stroke in haemodial-
ysis patients with atrial fibrillation. Nephrol Dial
Transplant 2015;30:491–8.

14. Siontis KC, Zhang X, Eckard A, et al. Outcomes
associated with apixaban use in end-stage kidney
disease patients with atrial fibrillation in the
United States. Circulation 2018;138:1519–29.

15. Shah M, Avgil Tsadok M, Jackevicius CA, et al.
Warfarin use and the risk for stroke and bleeding in
patients with atrial fibrillation undergoing dialysis.
Circulation 2014;129:1196–203.

16. Chan KE, Lazarus JM, Thadhani R, Hakim RM.
Warfarin use associates with increased risk for
stroke in hemodialysis patients with atrial fibril-
lation. J Am Soc Nephrol 2009;20:2223–33.

17. Bonde AN, Lip GY, Kamper AL, et al. Net clin-
ical benefit of antithrombotic therapy in patients
with atrial fibrillation and chronic kidney disease: a
nationwide observational cohort study. J Am Coll
Cardiol 2014;64:2471–82.

18. Winkelmayer WC, Liu J, Setoguchi S,
Choudhry NK. Effectiveness and safety of warfarin
initiation in older hemodialysis patients with inci-
dent atrial fibrillation. Clin J Am Soc Nephrol 2011;
6:2662–8.

19. Roberts PR, Green D. Arrhythmias in chronic
kidney disease. Heart 2011;97:766–73.

20. Ananthapanyasut W, Napan S, Rudolph EH,
et al. Prevalence of atrial fibrillation and its pre-
dictors in nondialysis patients with chronic kidney
disease. Clin J Am Soc Nephrol 2010;5:173–81.

21. Wetmore JB, Mahnken JD, Rigler SK, et al. The
prevalence of and factors associated with chronic
atrial fibrillation in Medicare/Medicaid-eligible
dialysis patients. Kidney Int 2012;81:469–76.
22. Wizemann V, Tong L, Satayathum S, et al.
Atrial fibrillation in hemodialysis patients: clinical
features and associations with anticoagulant
therapy. Kidney Int 2010;77:1098–106.

23. Watanabe H, Watanabe T, Sasaki S, Nagai K,
Roden DM, Aizawa Y. Close bidirectional relation-
ship between chronic kidney disease and atrial
fibrillation: the Niigata preventive medicine study.
Am Heart J 2009;158:629–36.

24. Burstein B, Nattel S. Atrial fibrosis: mecha-
nisms and clinical relevance in atrial fibrillation.
J Am Coll Cardiol 2008;51:802–9.

25. Crandall MA, Horne BD, Day JD, et al. Atrial
fibrillation and CHADS2 risk factors are associated
with highly sensitive C-reactive protein incre-
mentally and independently. Pacing Clin Electro-
physiol 2009;32:648–52.

26. Smit MD, Maass AH, De Jong AM, Muller
Kobold AC, Van Veldhuisen DJ, Van Gelder IC. Role
of inflammation in early atrial fibrillation recur-
rence. Europace 2012;14:810–7.

27. Lau YC, Proietti M, Guiducci E, Blann AD,
Lip GYH. Atrial fibrillation and thromboembolism
in patients with chronic kidney disease. J Am Coll
Cardiol 2016;68:1452–64.

28. Hung MJ, Yang NI, Wu IW, Cheng CW, Wu MS,
Cherng WJ. Echocardiographic assessment of
structural and functional cardiac remodeling in
patients with predialysis chronic kidney disease.
Echocardiography 2010;27:621–9.

29. Nattel S. Molecular and cellular mechanisms
of atrial fibrosis in atrial fibrillation. J Am Coll
Cardiol EP 2017;3:425–35.

30. Carrero JJ, Trevisan M, Sood MM, et al. Inci-
dent atrial fibrillation and the risk of stroke in
adults with chronic kidney disease: the Stockholm
CREAtinine Measurements (SCREAM) Project. Clin
J Am Soc Nephrol 2018;13:1314–20.

31. Bansal N, Fan D, Hsu CY, Ordonez JD,
Marcus GM, Go AS. Incident atrial fibrillation and
risk of end-stage renal disease in adults with
chronic kidney disease. Circulation 2013;127:
569–74.

32. Hedges SJ, Dehoney SB, Hooper JS,
Amanzadeh J, Busti AJ. Evidence-based treatment
recommendations for uremic bleeding. Nat Clin
Pract Nephrol 2007;3:138–53.

33. Burlacu A, Genovesi S, Goldsmith D, et al.
Bleeding in advanced CKD patients on antith-
rombotic medication—a critical appraisal. Phar-
macol Res 2018;129:535–43.

34. Lip G, Freedman B, De Caterina R, Potpara TS.
Stroke prevention in atrial fibrillation: Past, pre-
sent and future. Comparing the guidelines and
practical decision-making. Thromb Haemost 2017;
117:1230–9.

35. Masson P, Webster AC, Hong M, Turner R,
Lindley RI, Craig JC. Chronic kidney disease and
the risk of stroke: a systematic review and meta-
analysis. Nephrol Dial Transplant 2015;30:1162–9.

36. Szummer K, Evans M, Carrero JJ, et al. Com-
parison of the Chronic Kidney Disease Epidemi-
ology Collaboration, the Modification of Diet in
Renal Disease study and the Cockcroft-Gault
equation in patients with heart failure. Open
Heart 2017;4:e000568.
37. Ravera M, Bussalino E, Paoletti E, Bellasi A, Di
Lullo L, Fusaro M. Haemorragic and thromboem-
bolic risk in CKD patients with non valvular atrial
fibrillation: do we need a novel risk score calcu-
lator? Int J Cardiol 2019;274:179–85.

38. Chao TF, Liu CJ, Wang KL, et al. Incidence and
prediction of ischemic stroke among atrial fibril-
lation patients with end-stage renal disease
requiring dialysis. Heart Rhythm 2014;11:1752–9.

39. Ocak G, Ramspek C, Rookmaaker MB, et al.
Performance of bleeding risk scores in dialysis
patients. Nephrol Dial Transplant 2019;34:
1223–31.

40. Kumar S, Howell J, Mattock C. Recent phar-
macological advances for treating venous throm-
boembolism: are we witnessing the demise of
warfarin? J R Soc Med 2013;106:441–6.

41. Hart RG, Pearce LA, Asinger RW, Herzog CA.
Warfarin in atrial fibrillation patients with moder-
ate chronic kidney disease. Clin J Am Soc Nephrol
2011;6:2599–604.

42. Limdi NA, Beasley TM, Baird MF, et al. Kidney
function influences warfarin responsiveness and
hemorrhagic complications. J Am Soc Nephrol
2009;20:912–21.

43. Yang F, Hellyer JA, Than C, et al. Warfarin
utilisation and anticoagulation control in patients
with atrial fibrillation and chronic kidney disease.
Heart 2017;103:818–26.

44. Eggebrecht L, Prochaska JH, Schulz A, et al.
Intake of vitamin K antagonists and worsening of
cardiac and vascular disease: results from the
population-based Gutenberg Health Study. J Am
Heart Assoc 2018;7:e008650.

45. Weijs B, Blaauw Y, Rennenberg RJ, et al. Pa-
tients using vitamin K antagonists show increased
levels of coronary calcification: an observational
study in low-risk atrial fibrillation patients. Eur
Heart J 2011;32:2555–62.

46. Narasimha Krishna V, Warnock DG, Saxena N,
Rizk DV. Oral anticoagulants and risk of nephrop-
athy. Drug Saf 2015;38:527–33.

47. Brodsky SV, Satoskar A, Chen J, et al. Acute
kidney injury during warfarin therapy associated
with obstructive tubular red blood cell casts: a
report of 9 cases. Am J Kidney Dis 2009;54:
1121–6.

48. Ruff CT, Giugliano RP, Braunwald E, et al.
Comparison of the efficacy and safety of new oral
anticoagulants with warfarin in patients with atrial
fibrillation: a meta-analysis of randomised trials.
Lancet 2014;383:955–62.

49. Malhotra K, Ishfaq MF, Goyal N, et al. Oral
anticoagulation in patients with chronic kidney
disease: A systematic review and meta-analysis.
Neurology 2019;92:e2421–31.

50. Reilly PA, Lehr T, Haertter S, 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). J Am Coll Cardiol
2014;63:321–8.

51. Ruff CT, Giugliano RP, Braunwald E, et al. As-
sociation between edoxaban dose, concentration,
anti-Factor Xa activity, and outcomes: an analysis

http://refhub.elsevier.com/S0735-1097(19)37512-6/sref6
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref6
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref6
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref7
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref7
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref7
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref8
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref8
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref8
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref8
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref8
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref9
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref9
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref9
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref10
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref10
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref10
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref10
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref10
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref11
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref11
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref11
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref11
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref11
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref12
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref12
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref12
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref12
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref12
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref12
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref13
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref13
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref13
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref13
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref14
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref14
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref14
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref14
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref15
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref15
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref15
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref15
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref16
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref16
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref16
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref16
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref17
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref17
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref17
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref17
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref17
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref18
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref18
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref18
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref18
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref18
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref19
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref19
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref20
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref20
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref20
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref20
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref21
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref21
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref21
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref21
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref22
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref22
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref22
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref22
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref23
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref23
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref23
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref23
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref23
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref24
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref24
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref24
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref25
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref25
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref25
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref25
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref25
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref25
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref26
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref26
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref26
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref26
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref27
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref27
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref27
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref27
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref28
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref28
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref28
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref28
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref28
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref29
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref29
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref29
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref30
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref30
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref30
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref30
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref30
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref31
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref31
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref31
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref31
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref31
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref32
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref32
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref32
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref32
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref33
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref33
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref33
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref33
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref34
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref34
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref34
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref34
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref34
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref35
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref35
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref35
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref35
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref36
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref36
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref36
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref36
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref36
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref36
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref37
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref37
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref37
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref37
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref37
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref38
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref38
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref38
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref38
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref39
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref39
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref39
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref39
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref40
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref40
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref40
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref40
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref41
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref41
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref41
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref41
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref42
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref42
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref42
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref42
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref43
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref43
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref43
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref43
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref44
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref44
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref44
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref44
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref44
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref45
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref45
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref45
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref45
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref45
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref46
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref46
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref46
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref47
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref47
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref47
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref47
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref47
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref48
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref48
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref48
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref48
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref48
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref49
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref49
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref49
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref49
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref50
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref50
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref50
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref50
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref50
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref50
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref50
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref51
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref51
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref51


J A C C V O L . 7 4 , N O . 1 7 , 2 0 1 9 Kumar et al.
O C T O B E R 2 9 , 2 0 1 9 : 2 2 0 4 – 1 5 Anticoagulation in Patients With Coexisting AF and CKD

2215
of data from the randomised, double-blind
ENGAGE AF-TIMI 48 trial. Lancet 2015;385:
2288–95.

52. Yao X, Tangri N, Gersh BJ, et al. Renal out-
comes in anticoagulated patients with atrial
fibrillation. J Am Coll Cardiol 2017;70:2621–32.

53. Fordyce CB, Piccini JP, Patel MR. Response by
Fordyce et al to letter regarding article, “On-
Treatment Outcomes in Patients With Worsening
Renal Function With Rivaroxaban Compared With
Warfarin: Insights From ROCKET AF”. Circulation
2016;134:e532–3.

54. Yao X, Shah ND, Sangaralingham LR, Gersh BJ,
Noseworthy PA. Non-vitamin K antagonist oral
anticoagulant dosing in patients with atrial fibril-
lation and renal dysfunction. J Am Coll Cardiol
2017;69:2779–90.

55. Hohnloser SH, Hijazi Z, Thomas L, et al. Effi-
cacy of apixaban when compared with warfarin in
relation to renal function in patients with atrial
fibrillation: insights from the ARISTOTLE trial. Eur
Heart J 2012;33:2821–30.

56. Bohula EA, Giugliano RP, Ruff CT, et al. Impact
of renal function on outcomes with edoxaban in
the ENGAGE AF-TIMI 48 Trial. Circulation 2016;
134:24–36.

57. Fox KA, Piccini JP, Wojdyla D, et al. Pre-
vention of stroke and systemic embolism with
rivaroxaban compared with warfarin in patients
with non-valvular atrial fibrillation and moder-
ate renal impairment. Eur Heart J 2011;32:
2387–94.

58. Hijazi Z, Hohnloser SH, Oldgren J, et al. Effi-
cacy and safety of dabigatran compared with
warfarin in relation to baseline renal function in
patients with atrial fibrillation: a RE-LY (Random-
ized Evaluation of Long-term Anticoagulation
Therapy) trial analysis. Circulation 2014;129:
961–70.

59. Ando G, Capranzano P. Non-vitamin K antag-
onist oral anticoagulants in atrial fibrillation pa-
tients with chronic kidney disease: a systematic
review and network meta-analysis. Int J Cardiol
2017;231:162–9.

60. Chokesuwattanaskul R, Thongprayoon C,
Tanawuttiwat T, Kaewput W, Pachariyanon P,
Cheungpasitporn W. Comparative safety and effi-
cacy of apixaban versus warfarin in patients with
end stage renal disease: meta-analysis. Pacing Clin
Electrophysiol 2018 May 23 [E-pub ahead of
print].

61. Coleman CI, Kreutz R, Sood NA, et al. Rivar-
oxaban versus warfarin in patients with non-
valvular atrial fibrillation and severe kidney
disease or undergoing hemodialysis. Am J Med
2019 May 2 [E-pub ahead of print].

62. Mavrakanas TA, Samer CF, Nessim SJ, Frisch G,
Lipman ML. Apixaban pharmacokinetics at steady
state in hemodialysis patients. J Am Soc Nephrol
2017;28:2241–8.

63. Dias C, Moore KT, Murphy J, et al. Pharma-
cokinetics, pharmacodynamics, and safety of
single-dose rivaroxaban in chronic hemodialysis.
Am J Nephrol 2016;43:229–36.

64. Wang X, Tirucherai G, Marbury TC, et al.
Pharmacokinetics, pharmacodynamics, and safety
of apixaban in subjects with end-stage renal dis-
ease on hemodialysis. J Clin Pharmacol 2016;56:
628–36.

65. De Vriese AS, Caluwe R, Bailleul E, et al.
Dose-finding study of rivaroxaban in hemodi-
alysis patients. Am J Kidney Dis 2015;66:
91–8.

66. Turagam MK, Velagapudi P, Kar S, et al. Car-
diovascular therapies targeting left atrial
appendage. J Am Coll Cardiol 2018;72:448–63.

67. Holmes DR Jr., Alkhouli M, Reddy V. Left
atrial appendage occlusion for the unmet clin-
ical needs of stroke prevention in nonvalvular
atrial fibrillation. Mayo Clin Proc 2019;94:
864–74.
KEY WORDS atrial fibrillation, chronic
kidney disease, direct oral anticoagulant,
hemorrhage, stroke, vitamin K antagonist,
warfarin

http://refhub.elsevier.com/S0735-1097(19)37512-6/sref51
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref51
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref51
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref52
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref52
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref52
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref53
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref53
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref53
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref53
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref53
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref53
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref54
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref54
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref54
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref54
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref54
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref55
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref55
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref55
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref55
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref55
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref56
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref56
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref56
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref56
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref57
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref57
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref57
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref57
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref57
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref57
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref58
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref58
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref58
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref58
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref58
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref58
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref58
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref59
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref59
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref59
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref59
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref59
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref60
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref60
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref60
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref60
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref60
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref60
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref60
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref61
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref61
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref61
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref61
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref61
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref62
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref62
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref62
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref62
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref63
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref63
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref63
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref63
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref64
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref64
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref64
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref64
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref64
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref65
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref65
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref65
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref65
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref66
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref66
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref66
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref67
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref67
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref67
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref67
http://refhub.elsevier.com/S0735-1097(19)37512-6/sref67

	Anticoagulation in Concomitant Chronic Kidney Disease and Atrial Fibrillation
	Arrhythmias in CKD
	Clotting and Bleeding in CKD
	AF and Stroke in CKD Patients
	Challenges of Quantifying Loss of Renal Function on an Individual Patient Basis
	The Utility of Bleeding and Clotting Scoring Schemes in CKD
	Oral Anticoagulants in CKD
	Vitamin K antagonists
	Direct oral anticoagulants

	Oral Anticoagulant Therapy in CKD
	No RCTs, But What About Registries and Regulators?
	Nonanticoagulative Approaches
	How to Approach OAT in Patients With CKD and AF
	Conclusions
	References


