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 n INTRODUCTION

Atrial fibrillation (AF) is the most common cardiac arrhythmia, with 
an estimated prevalence between 2 and 4%(1), worldwide, and a ten-
dency for the incidence rate to increase(2,3).

End -stage kidney disease (ESKD) patients have higher risk of devel-
oping AF(1,2,4 -9). The prevalence of AF in this population ranges from 
7 to 27%, a frequency 10 - to 20 -fold higher than in the general popula-
tion, and it seems to be due to specific issues related with this condi-
tion, such as hypertension, left ventricular hypertrophy, ischemic heart 
disease, electrolyte abnormalities, and modulation of sympathetic 
nervous and renin -angiotensin systems(10). There is an established 
relationship between the increased incidence of AF and worsening 
kidney function(9). Furthermore, we are observing a parallel rise in 
incidence of AF and chronic kidney disease (CKD), probably due to 
the increase in the elderly population and comorbidities such as dia-
betes mellitus and hypertension(9).

At this point, the management of AF is controversial. In individuals 
without kidney disease, anticoagulant treatment should be instituted 

based on risk scores, such as the CHA2DS2 -VASc score, to prevent 
thromboembolism. However, CKD stages 3 -5 and 5D patients have 
higher hemorrhagic risk per se that must be weighted by the physician 
when prescribing anticoagulant treatment, and the usual risk scores 
seem to have worse predictive value in this population(5,6). Also, 
guidelines from various societies are contradictory in which is the best 
approach in these situations(1,11 -13).

The aim of this review is to understand the state of art on this 
topic, specifically the recommendations of the newest guidelines, the 
various risk scores and their pitfalls, and the possible benefits of non-
-vitamin K oral anticoagulants (NOAC) versus the well -known vitamin 
K antagonists (VKA).

 n  INDICATIONS FOR ANTICOAGULANT 
TREATMENT IN AF

One of the key points in the treatment of AF is the prevention of 
thromboembolic events. Patients with AF have increased risk of stroke 
(up to five -fold) and transient ischemic attack, due to the abnormal 
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blood stasis in the atria, endothelial dysfunction and abnormalities 
of blood coagulation, conferring a prothrombotic state(1,14,15).

However, this risk is not homogeneous, and it is modulated by the 
presence of specific factors, including age, gender, hypertension, dia-
betes mellitus, heart failure, history of stroke or thromboembolism, 
and vascular disease(1,14,15). For this reason, it is mandatory to assess 
the stroke risk of each individual. The most used clinical risk score is 
the CHA2DS2 -VASc score, which summarizes the common stroke risk 
factors (Table I). It is a good predictor of low -risk patients, and has 
moderate power identifying high -risk patients(1,14).

Following the evidence -based treatment guidelines from the Euro-
pean Society of Cardiology (ESC) and the American Heart Association/

American College of Cardiology/Heart Rhythm Society (AHA/ACC/
HRS), anticoagulation is recommended for prevention of stroke in AF 
patients except those with low risk, therefore oral anticoagulants (OAC) 
should be considered in patients with a CHA2DS2 -VASc score of 2 or 
greater in men or 3 or greater in women(1,11).

Despite the advantages of prescribing anticoagulants to prevent 
thromboembolic events, it is important to take into account the bleed-
ing risk associated with the use of OAC. Based on this premise, when 
initiating antithrombotic therapy, the clinician must assess the patient’s 
bleeding risk, and balance the risk/benefit of these drugs. The most 
used score and the better at predicting bleeding risk is the HAS -BLED 
score. The European Cardiology Society recommends the assessment 
of bleeding risk, not to withhold the use of OAC in high -risk patients 
(evidence shows a net clinical benefit of OAC even in high -risk group), 
but to draw attention and manage the modifiable risk factors, for 
instance hypertension, excessive alcohol intake, concomitant use of 
antiplatelet or non -steroidal anti -inflammatory drugs (NSAIDs), and 
labile international normalized ratio (INR), and flag up the high -risk 
patients for earlier follow -up(1).

Concerning the topic of OAC, several studies have evaluated 
antithrombotic efficacy and hemorrhagic risk of VKAs and NOACs. 
Warfarin reduces stroke by approximately 60% compared with no 
antithrombotic treatment, it is more efficacious than antiplatelet 
therapy and the absolute reductions in stroke are higher than the 
absolute hemorrhagic events(16). However, it is associated with mul-
tiple drug and food interactions, and it requires regular monitoring 
and therapeutic adjustments due to the narrow therapeutic window, 
to achieve and maintain a target INR in the therapeutic range of 
2.0 -3.0(1,14,17,18).

Relative to NOACs, a meta -analysis from 2014 shows that apixaban, 
dabigatran, edoxaban and rivaroxaban have a significantly lower risk 
of stroke and systemic embolic events, intracranial hemorrhage and 
mortality comparing with VKAs, and a similar efficacy in preventing 
ischemic stroke, but an increased gastrointestinal bleeding risk(19). 
These drugs do not require frequent coagulation monitoring, which 
enhances therapeutic adherence and quality of life(1,20), and have 
fewer interactions with drugs and food(18). In fact, the benefits of 
these drugs in reducing the risk of major bleeding compared with 
VKAs are higher when INR control was poor(19). However, it is important 
to note that all NOACs have some degree of renal clearance, mainly 
dabigatran (80% excreted via kidneys), followed by edoxaban (50%), 
and then rivaroxaban and apixaban (35% and 27%, respectively), so 
renal function should be evaluated periodically, to adapt the dose if 
any change occurs(21).

Nevertheless, the prevention of thromboembolism in patients with 
concomitant CKD is a hot -topic on AF management, and the risk/
benefit ratio remains less clear for those with severe CKD (creatinine 
clearance [CrCl] < 30 mL/min) and ESKD (CrCl < 15 mL/min or on 
dialysis), where randomized clinical trials data on the safety and effi-
cacy of OAC are lacking.

CKD is by itself a prothrombotic and a prohemorrhagic condi-
tion(1,12,22,23), and coexists in some degree in about 40 -50% of AF 
patients(1). The presence of simultaneous AF and CKD promotes higher 

Table I

The CHA2DS2 -VASc scoring system and characteristics of bleeding risk scores.

The CHA2DS2 -VASc risk score (28)
Risk factor Score Risk Categories

Congestive HF / LV dysfunction
Hypertension
Age ≥ 75 years
Diabetes mellitus
Stroke / TIA / Thromboembolism
Vascular disease (prior MI, PAD, or aortic plaque)
Age 65 -74 years
Sex category (female gender)

1
1
2
1
2
1
1
1

Low: 0
Intermediate: 1

High: ≥ 2

Bleeding risk scores
Risk score Risk factors (Attributed risk points) Risk categories

HAS -BLED(37) Hypertensiona (1 point)
Abnormal liver or renal function (1 or 2 points)
Stroke (1 point)
Bleeding history or predispositionb (1 point)
Labile INRc (1 point)
Age > 65 years (1 point)
Drugsd or alcohol (1 or 2 points)

Low: 0
Intermediate: 1 -2

High: ≥ 3

HEMORR2HAGES(38) Hepatic or renal disease (1 point)
Ethanol abuse (1 point)
Malignancy (1 point)
Age > 75 years (1 point)
Reduced platelet count or function (1 point)
Re -bleeding risk (2 points)
Hypertensiona (1 point)
Anemia (1 point)
Genetic factorse (1 point)
Excessive fall riskf (1 point)
Stroke (1 point)

Low: 0 -1
Intermediate: 2 -3

High: ≥ 4

ATRIA(39) Anemiag (3 points)
Severe renal diseaseh (3 points)
Age ≥ 75 years (2 points)
Prior bleeding (1 point)
Hypertension (1 point)

Low: 0 -3
Intermediate: 4

High: 5 -10

HF = heart failure; LV = left ventricular; TIA = transient ischemic attack; MI = myocardial infarction; 
PAD = peripheral artery disease.
a Uncontrolled; b Includes anemia; c Defined as the time in therapeutic range < 60%; d Includes 
antiplatelet or nonsteroidal anti -inflammatory drugs; e CYP 2C9 single nucleotide polymorphism;  
f Based on high risk of falling, dementia, Parkinson’s disease or psychiatric disease; g Defined as 
hemoglobin < 13 g/dL in men and < 12 g/dL in women; h Glomerular filtration rate < 30 mL/min or 
dialysis dependent
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rates of thromboembolic events, with an increased risk of death(9). 
Pathophysiological factors behind CKD -related thrombus formation 
include endothelial dysfunction, accelerated arteriosclerosis and 
coagulation abnormalities, and are summarized in Table II(9,23).

Paradoxically, CKD also increases the hemorrhagic risk, mainly intrac-
erebral and gastrointestinal bleeding, which is even more significant 
in dialysis(9). Once more, the pathophysiology of these events is mul-
tifactorial and associated with uremic platelet dysfunction, hemostasis 
abnormalities and nitric oxide metabolism(9). In fact, in contrast to 
what happens in individuals without kidney failure, where the benefits 
of OAC in stroke prevention are well established, in patients with ESKD 
the bleeding risk can outweigh the thrombotic risk(24).

Taking into account the characteristics of these patients, the man-
agement of AF can be challenging. As already mentioned, there is a 
lack of high -quality evidence for the effectiveness and safety of OAC 
in CKD, and principally in ESKD. No randomized clinical trials (RCT) 
have yet studied OAC in patients with concomitant AF and severe CKD 
or ESKD, because this group is systematically excluded from the tri-
als(1,12,18). Indeed, CKD patients at all stages of disease were excluded 
from almost 90% of the RCT evaluating anticoagulants(25). Thus, the 
few recommendations on this topic are based on observational and 
retrospective studies and meta -analyses, which have provided no 
consistent results(8).

Owing to this knowledge gap, the European guidelines recommend 
the use of warfarin or NOACs in patients with AF and CrCl > 30 mL/
min, whereas they do not recommend the use of any of the NOACs 
on CrCl < 15 mL/min or dialysis patients. Relatively to those with CrCl 
15 -30 mL/min, despite the lack of robust evidence, this document 
considers a dose reduction of rivaroxaban, edoxaban and apixaban a 
feasible option in patients with severe CKD(1). On the other hand, 
KDIGO statements do not support VKAs for stroke prevention in CKD 
5(D), although they suggest that clinicians may ponder the use of 
lower doses of apixaban (2,5 mg, orally, twice daily) in this group(13). 
In contrast, ACC/AHA/HRS guidelines recommend anticoagulation with 
warfarin and reduced dose of apixaban in patients with ESKD with a 

CHA2DS2 -VASc score ≥ 2 in men and ≥ 3 in women, despite safety not 
yet having been demonstrated (recommendation class IIb, level of 
evidence B -NR)(11). Finally, the European Stroke Organization guide-
lines state that it might be reasonable to use NOACs over VKAs for 
stroke prevention in patients with mild to moderate renal impairment, 
but recognizes that there is a lack of evidence for OAC in ESKD 
patients(26).

 n  VALIDITY OF THROMBOEMBOLIC AND 
HEMORRHAGIC RISK SCORES IN ESKD

As said, before the institution of anticoagulant treatment in a 
patient with AF, clinicians should assess individual thrombotic and 
hemorrhagic risks. In the general population, there are some risk 
scores, like CHA2DS2 -VASc and HAS -BLED scores that are broadly vali-
dated and applied in clinical practice. However, these risk scores have 
shown a lower predictive value in CKD and the dialyzed population.

Beginning with stroke risk scores, the first widespread one in the 
medical community was the CHADS2 score, which included recent 
congestive heart failure, age ≥ 75, hypertension, diabetes mellitus, 
and history of stroke or transient ischemic attack. The latter risk factor 
scored 2 points, and each one of the others 1 point(27). The CHA2DS2-
-VASc risk score appears as an extension of the CHADS2, with the 
addition of the following risk factors: age between 65 -74, sex and 
vascular disease, which includes previous myocardial infarction, periph-
eral artery disease or aortic plaque(28). Concerning the application in 
CKD patients, these scores have a lower accuracy to discriminate 
patients who will or will not have thrombotic events, mainly in CKD 
stages 4, 5 and 5(D)(6). Chao et al., in a study with more than 10000 
patients, showed that both CHADS2 and CHA2DS2 -VASc can be applied 
in the ESKD population with AF, as well as CHA2DS2 -VASc value in 
ischemic stroke prediction and in accurate identification of those at 
low stroke risk compared with CHADS2, even more refining the risk 
of those with CHADS2 0 -1, showing who had a higher stroke risk(29). 
Still, with the analysis of severe bleeding rate without OAC treatment 
and the annual rate of ischemic stroke in patients with every rating 
of CHA2DS2 -VASc, the authors believe that only when CHA2DS2 -VASc 
> 6 the benefits in stroke prevention outweigh the hemorrhagic risk 
in ESKD patients, so they propose to consider OAC for individuals with 
CHA2DS2 -VASc > 6(29).

Since CKD is per se a prothrombotic condition, some investigators 
proposed the addition of CKD or renal parameters, such as proteinuria 
and estimated glomerular filtration rate (eGFR) to improve the per-
formance of risk scores in CKD patients. R2CHADS2 and ATRIA scores 
have incorporated these factors, and have been validated(5).

R2CHADS2 is an extension of CHADS2, adding CrCl < 60 mL/min (2 
points) to the score, and later, in a modified version, eGFR <60 (1 
point) and <30 (2 points)(30 -32). The prediction ability of the first model 
was better than CHADS2 and CHA2DS2 -VASc, and the score was vali-
dated in some cohorts, including one with ESKD patients(5). However, 
adding CKD to the CHADS2 and CHA2DS2 -VASc stroke risk scores did 
not independently add predictive information(32). Likewise, a Swedish 
study did not find added value for stroke prediction by considering 
CKD(33).

Table II

Pathophysiology of thromboembolism in CKD.

Blood stasis in LA and LAA – reduced LAA emptying velocity
Endothelial dysfunction – intima -media thickening

– increased pulse -wave velocity
Coagulation abnormalities – increased procoagulant complexes

– up -regulated extrinsic pathway
– decreased antithrombin III and PAI -1 levels
– reduced vWF degradation
– augmented platelet aggregability

Other factors – impairment in cerebral autoregulation blood flow
– activation of the RAAS
– chronic inflammation
– vascular calcification
– calcium -phosphate mineral metabolism dysfunction

LA – left atrium; LAA – left atrial appendage; PAI -1 – plasminogen -activator inhibitor -1;  
vWF – von Willebrand factor; RAAS – renin -angiotensin -aldosterone system
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Finally, the ATRIA score is composed of many CHA2DS2 -VASc risk 
factors (age, prior stroke, female sex, diabetes mellitus, heart failure 
and hypertension), and eGFR < 45 mL/min/1,73 m2 or ESKD requiring 
dialysis, proteinuria and interaction between age and prior stroke(34). 
It shows better performance than CHADS2 and CHA2DS2 -VASc, how-
ever a study shows that CHA2DS2 -VASc was still better to identify the 
truly low risk patients(35). Not only did McAlister et al. not find improve-
ments with ATRIA, the authors also recognized that this model has 
worse predictive ability in patients with any degree of CKD(36).

Indeed, it is known that the performance of the traditional tools 
in predicting such events is worse with the increasing in severity of 
CKD(36). The CKD population has unique stroke risk factors that are 
not taken into account in risk scores (Figure 1). Moreover, in CKD stage 
5(D) patients, the AF attributable stroke risk is not yet clarified, and 
also seems to be lower than in the general population. Of note, dialysis 
patients present a higher competing risk of death, that outweighs the 
stroke risk imputable to AF, and have unique thrombotic risk factors 
associated to ESKD: uremia; chronic malnourishment; vascular calci-
fication and use of erythropoiesis -stimulating agents(5).

That said, the applicability of the traditional risk scores to dialysis 
patients is not clear(5).

Furthermore, not only is it challenging to extrapolate stroke risk 
scores from the general population to CKD 5(D) patients, such also 
holds true for bleeding risk scores. Nowadays, the most widely used 
hemorrhagic risk score is the HAS -BLED, which includes hypertension 
(uncontrolled, systolic pressure > 160 mmHg), renal disease (chronic 
dialysis, kidney transplant or creatinine ≥ 2.26 mg/dL), abnormal liver 
function, previous stroke, bleeding history or predisposition (e.g. 
medication), labile INR (defined as the time in therapeutic range < 
60%), age > 65, medication usage predisposing to bleeding (aspirin, 
clopidogrel or NSAIDs), and alcohol use (> 8 drinks/week), as risk 
factors(37). Other bleeding scores used are HEMORR2HAGES, which 
includes kidney or hepatic disease, alcohol abuse, malignancy, age > 
75 years, reduced platelet count or dysfunction, prior bleeding, uncon-
trolled hypertension, anemia, genetic factors (CYP 2C9 single nucleo-
tide polymorphisms), excessive fall risk, and history of stroke, and 
ATRIA, which scores 3 points for anemia and severe kidney dysfunction 
(each one), 2 points for age ≥ 75, and 1 point for prior bleeding and 
diagnosed hypertension (each one)(38,39). Table I summarizes the 
characteristics of the 3 bleeding risk scores.

Comparing these scores, although all show a modest performance in 
predicting any clinically relevant bleeding, the HAS -BLED was better at 
predicting major bleedings, and had the advantage of simplicity, in opposi-
tion, for example, to HEMORR2HAGES, which includes genetic factors, 
an added difficulty in clinical practice(40 -42). In addition, the HAS -BLED 
demonstrated predictive performance for intracranial hemorrhage(5).

To our knowledge, there are no studies validating these risk scores 
in ESKD and dialyzed patients. McAlister et al. found that they have 
poor discrimination abilities in patients with non -dialyzed CKD(36). 
Furthermore, a cohort evaluating their performance in patients on 
dialysis showed poor predictive abilities, mainly in the low -risk group, 
where the incidence rates of bleeding were higher than predicted 
with the scores(43).

These findings may be due to:

1. Bleeding causes cannot be the same in dialyzed patients and the 
general population. Risk factors included in the scores can have 
less relative importance in dialyzed patients, who have unique 
hemorrhagic risk factors (Figure 1) such as heparin use in dialysis 
and uremic platelet dysfunction, which are not included in the 
existent scores. Even anemia, an important and a very frequent 
risk factor present in this population, is only present in HEMOR-
R2HAGES and ATRIA, not in the HAS -BLED score. Additionally, hepa-
rin use can be the main reason for bleeding in low -risk group(5,43,44).

2. Patients on dialysis have higher mortality risk per se, that can 
compete with hemorrhagic risk(43).

3. Few patients on dialysis are categorized as low -risk, in contrast 
with general population, since they usually have bleeding risk 
factors (hypertension, anemia and antiplatelet drugs use) and 
risk scores include kidney disease, which leads to a worse dis-
crimination of actual risk in this group(43).

Finally, it is important to note that these bleeding risk scores were 
developed and validated in patients treated with VKAs, not contem-
plating NOACs, which can have a negative impact on the predictive 
power of current scores. That being said, it is urgent to develop new 
scores, specific for ESKD, on VKAs and NOACs.

Recently, in an opinion article, De Vriese and Heine suggest an 
alternative dialysis -specific score (Table III), to determine the introduc-
tion of anticoagulation, which should be analyzed and validated(45).

Figure 1

Unique thrombotic and hemorrhagic risk factors associated to ESKD on dialysis.

CKD 5(D)

Thrombotic risk factors:
– uremia
– chronic malnourishment
– vascular calcification
– erythropoiesis-stimulating agents

Bleeding risk factors:
– heparin use
– uremic platelet dysfunction
–anemia

 

Table III

The Dialysis Risk score and proposed strategy(45).

Risk factors (Attributed risk points) Strategy
Prior TIA/ischemic stroke (3 points)
Diabetes (1 point)
Age > 75 years (1 point)
GI bleeding < 1 year ( -1 point)

Score ≥ 2: Anticoagulation
Score < 2: No anticoagulation

TIA = transient ischemic attack; GI = gastro -intestinal
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 n USING VKA OR NOAC IN CKD STAGE 5D PATIENTS

A superior benefit/risk profile of NOACs compared with VKAs, 
namely warfarin, has been documented in individuals with normal 
renal function and in patients with eGFR > 25 mL/min(45,46). Meta-
-analyses of RCTs showed that, despite some heterogeneity across 
NOACs, these drugs are better to prevent thromboembolic events 
and are associated with lower rates of intracranial bleeding and death 
compared with VKAs. Conversely, the results on major bleeding risk 
are less consistent(19,47,48).

In retrospective analyses, the heterogeneity across NOACs was 
also identified with regard to the risk of major hemorrhages, and it 
was shown that apixaban and dabigatran have a better benefit/risk 
profile(49).

However, data in OAC in dialyzed patients is sparse: only a few 
observational studies compared stroke and bleeding rates in dialyzed 
patients treated with VKAs or NOACs(45).

This scarcity of high -quality evidence for the correct prescription 
of OAC in CKD stage 5D patients has resulted in a great variability in 
clinical practice and uncertainty among the physicians. In fact, a recent 
physician -based survey on the management of AF in patients with 
CKD showed considerable intra - and inter -specialty heterogeneity in 
the use and dosage of OAC, and across the various stages of CKD. 
Moreover, when deciding treatment with OAC, the patient’s individual 
stroke risk and patient preferences outweigh the estimated bleeding 
risk(12).

Warfarin is the most used OAC in patients on dialysis. The main 
reasons for that include its pharmacokinetics (warfarin is metabolized 
mainly in the liver and is not eliminated by the kidneys, binds to 
plasma proteins, and dialysis does not significantly alter its effective-
ness) and the fact that it was the only OAC recommended by some 
clinical guidelines. However, it is important to note that just a small 
fraction of ESKD patients with AF is treated with warfarin, due to the 
hesitations and worries of clinicians in its prescription(18).

As said, no RCT evaluated warfarin in patients on dialysis, so the 
clinical practice is guided by the results of observational, retrospective 
studies. It is consensual among the various studies that warfarin is 
associated with an increased risk of major bleeding, but the benefit 
in prevention of ischemic events is less consistent(18). Indeed, two 
recent meta -analyses showed that warfarin increases the rate of bleed-
ing events, such as hemorrhagic strokes, without improvements in 
ischemic stroke prevention or mortality, among dialysis patients(8,50). 
These results call into question whether, contrary to what happens 
to non -dialysis patients with AF, the potential benefits of warfarin in 
preventing thromboembolic events in the dialysis population still pre-
vail over the hemorrhagic risk.

This increased risk of bleeding may be explained by several facts. 
Firstly, it is common to use heparin during dialysis session(51,52). Sec-
ondly, warfarin presents multiple drug and food interactions which 
may increase or decrease its plasma concentration(53). Thirdly, it is 
known that the uremic state interferes with the metabolism of warfarin 
through hepatic cytochrome P450, making the maintenance of INR 

in the therapeutic range difficult to achieve(51,52). In fact, in a prospec-
tive work on the use of warfarin in hemodialysis patients, Genovesi 
et al. showed that a higher time in therapeutic range (TTR) reduces 
the bleeding risk, which implies an adequate surveillance of ESKD 
patients using warfarin(54).

Warfarin use is also complicated by the acceleration of vascular 
calcification: this drug interferes with the vitamin K -dependent 
γ -glutamyl carboxylase enzyme, necessary for the activation of matrix 
G1a protein (which is responsible for inhibiting vascular calcification). 
The decrease of the activity of matrix G1a protein leads to accelerated 
vascular or valvular calcification, partially responsible for increasing 
risk of ischemic stroke(6,18,51,53). In addition, this drug is a risk factor 
for calciphylaxis, a rare complication characterized by calcium deposits 
in the arteries and tissues, with patient’s predisposition to severe 
infections and high mortality rates (45 -80% at 1 year)(6,18,45).

The warfarin -related nephropathy is another complication of the 
use of warfarin, defined by an acute increase in INR to values greater 
than 3,0 and the evidence of acute kidney injury(55). The exposure to 
this drug can result in glomerular hemorrhage with tubular obstruc-
tion by red blood cells, causing the acute kidney injury(45,53,55,56). 
Furthermore, due to the microbleeds and the vascular calcification, 
VKAs can accelerate the deterioration of kidney function(52,56).

Regarding NOACs, their use in patients with CrCl < 15 mL/min or 
on dialysis is still not approved in Europe(1). Based on pharmacokinetic 
studies, the US Food and Drug Administration approves the use of 
rivaroxaban and apixaban in dialysis patients, despite emphasizing 
that data on clinical efficacy and safety are still lacking(57 -59).

NOACs seem to be superior to VKAs in terms of hemorrhagic safety. 
However, there is still no evidence that they provide greater protection 
against thromboembolic events, based on observational studies(60 -62).

The decrease of kidney function has a direct impact on NOAC 
pharmacokinetics, as they are eliminated at least in part by the kidneys. 
When glomerular filtration is impaired, their clearance reduces and 
drug exposure increases, which can lead to hemorrhagic events(52,53). 
We know that during hemodialysis, the drug clearance is higher for 
molecules smaller than 1500 Daltons and intravascular unbound drugs, 
which leads to two conclusions: firstly, dabigatran is the only dialyzable 
NOAC due to its lower protein binding rate (35%), and secondly, only 
rivaroxaban and apixaban are considered valid options for dialysis 
patients, since they are practically not eliminated by dialysis (plasma 
protein binding of 92 -95% and 87%, respectively) and they present 
the lowest renal clearance(45,53,63).

Based on its pharmacokinetic and pharmacodynamic profile, it is 
understandable that dabigatran is the least used NOAC in dialysis 
patients. It is a direct thrombin inhibitor and it is mainly excreted by 
the kidneys and due to its protein binding rate, it can be eliminated 
up to 60% during one hemodialysis session, competing for a higher 
bleeding risk owing to the increase in its plasma concentration between 
dialysis sessions and for a lower efficacy to prevent thrombotic events 
after its clearance(18). Also, some evidence seems to suggest that 
dabigatran may cause kidney injury similar to warfarin -related 
nephropathy(64).
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Chan et al. compared the bleeding rates in dialysis patients treated 
with rivaroxaban, dabigatran or warfarin and showed that, despite its 
higher risk compared with warfarin (68.4 events per 100 patient -years 
versus 35.9 events per 100 patient -years), rivaroxaban is safer than 
dabigatran (83.1 events per 100 patient -years)(65). However, recent 
evidence, namely the Valkyrie Study, suggests that a lower dose of 
rivaroxaban (10 mg daily) can reduce the hemorrhagic complications 
compared with warfarin in CKD 5D patients, maintaining its effective-
ness(66). Rivaroxaban is a direct factor Xa inhibitor, non -dialyzable due 
to its extensive protein binding (its area under curve showed no signifi-
cant differences when administrated before or after hemodialysis)(53).

Concerning apixaban, also a direct factor Xa inhibitor, only 25% 
excreted by the kidneys and barely affected by dialysis, it is the main 
alternative to warfarin in dialysis patients with AF(18). Its superiority 
over warfarin in preventing ischemic and hemorrhagic stroke and its 
lower bleeding risk was proven in the ARISTOTLE trial. However, it 
excluded patients with serum creatinine concentration greater than 
2.5 mg/dL or CrCl < 25 mL/min(67). A post hoc analysis of this trial 
showed that even in patients with CKD, the rate of thromboembolic 
and hemorrhagic events was lower in the apixaban -treated group(68). 
Two recent meta -analyses came to show the benefit/risk ratio of 
apixaban compared with warfarin in ESKD patients: in 2018 Chokesu-
wattanaskul et al. included data on more than 40000 patients with 
CKD stages 4, 5 and 5D, and evidenced that apixaban was associated 
with fewer major bleeding events and no differences in thromboem-
bolic risk; two years later Kuno et al. showed that warfarin, dabigatran 
and rivaroxaban are associated with an increased risk of major bleeding 
than twice daily apixaban 5 mg or 2.5 mg(51,62). This last meta -analysis 
also proposed that the use of OAC is not associated with a reduction 
of stroke or systemic thromboembolic events in patients with AF on 
long -term dialysis compared with no anticoagulant(51). Regarding the 
appropriate dosage, an observational study compared 2351 dialyzed 
apixaban users with 7053 dialyzed warfarin users and showed a reduc-
tion in embolic events on the 5 mg twice daily apixaban group, with 
similar hemorrhagic risk compared to the 2.5 mg twice daily apixaban 
group(61). In contrast, Mavrakanas et al. in a pharmacokinetic study 
showed that apixaban 2.5 twice daily resulted in similar area under 
curve in dialysis patients than the standard dosage in non -CKD patients, 
with the dose of 5 mg twice daily being associated with supra-
-therapeutic levels(59).

It is also remarkable to note that when the majority of studies 
were conducted, there was no reversal agent available for NOACs, 
which can explain the higher rate of fatal bleeding compared to war-
farin. Of note, only in 2018 was the use of an andexanet alfa, a reversal 
agent for factor Xa inhibitors, approved by the US Food and Drug 
Administration (and one year later by the European Medicines Agency)
(18). This is a determining factor in the choice of an anticoagulant 
agent in the population eligible for transplantation. Until andexanet 
alfa is promptly available, patients on a waiting list for transplantation 
may be denied kidney transplantation if medicated with a factor Xa 
inhibitor, as they are not dialysable and the bleeding risk may be 
considered unacceptable.

Several RCTs assessing the safety of NOACs and VKAs in hemodi-
alysis patients with AF are currently ongoing or have recently been 
completed. The RENAL -AF trial was halted prematurely due to failure 

to enroll a sufficient number of patients. However, its preliminary 
data showed no significant differences with respect to stroke, bleeding 
or mortality between the treatment arms(69). As said, the Valkyrie 
study also found no significant differences in mortality or stroke risk, 
but showed a higher number of major bleedings on VKA -treated arm 
against rivaroxaban -treated arm(70). The ADAXIA trial and the SAFE -D 
trial are still ongoing, with the addition in the latter of a control arm 
without any OAC treatment, to assess whether or not OACs are really 
effective in preventing stroke in dialysis patients(71,72).

Another promising therapeutic target is the coagulation factor XI 
(FXI), which seems to have a great importance in thrombus growth 
and stabilization, with a small impact on homeostasis. Thus, some 
clinical trials (EMERALD, RE -THINC and CONVERT) are under way to 
assess the efficacy and safety of FXI inhibitors, which could be a poten-
tially useful approach in patients with CKD with or without AF, due to 
their great thrombotic and hemorrhagic tendency(73).

 n CONCLUSIONS

In conclusion, AF is a common condition in patients with ESKD, 
namely in dialysis patients that competes with other risk factors for 
the increase in ischemic and hemorrhagic events. Although OAC with 
VKAs or NOACs has been shown to be effective and safe in patients 
without CKD, data on this topic in CKD stages 4, 5 and 5D patients is 
sparse and the guidelines are also inconsistent in which is the best 
approach for these patients.

The recent results of meta -analyses and Valkyrie and RENAL -AF 
trials seem to point that apixaban 2.5 mg twice daily and rivaroxaban 
10 mg daily are proper options for hemodialysis patients, and should 
be preferable to using VKA, mainly in patients with calciphylaxis.

However, these results should be confirmed in large -scale studies, 
and new risk scores, targeted to this specific group, should also be 
developed.

  n Acknowledgements

The authors thank Dra. Margarida Lima, M.D., Ph.D., head of the 
Unidade de Diagnóstico Hematológico from Serviço de Hematologia 
Clínica (CHUP) and assistant professor at the Instituto de Ciências 
Biomédicas Abel Salazar da Universidade do Porto, for careful review 
of the article.

Disclosure of potential conflicts of interest: none declared. 

References

 1. Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomström -Lundqvist C, et al. 2020 ESC Guide-
lines for the diagnosis and management of atrial fibrillation developed in collaboration with the 
European Association of Cardio -Thoracic Surgery (EACTS). European heart journal. 2020.

 2. Virani SS, Alonso A, Benjamin EJ, Bittencourt MS, Callaway CW, Carson AP, et al. Heart Disease 
and Stroke Statistics -2020 Update: A Report From the American Heart Association. Circulation. 
2020;141(9):e139 -e596.

 3. Chugh SS, Havmoeller R, Narayanan K, Singh D, Rienstra M, Benjamin EJ, et al. Worldwide epidemi-
ology of atrial fibrillation: a Global Burden of Disease 2010 Study. Circulation. 2014;129(8):837 -47.



Port J Nephrol Hypert 2022; 36(1): 57-64     63

Oral anticoagulation in patients with atrial fibrillation  and end-stage kidney disease

 4. Hart RG, Eikelboom JW, Brimble KS, McMurtry MS, Ingram AJ. Stroke prevention in atrial fibrilla-
tion patients with chronic kidney disease. The Canadian journal of cardiology. 2013;29(7 
Suppl):S71 -8.

 5. Molnar AO, Sood MM. Predicting in a predicament: Stroke and hemorrhage risk prediction in 
dialysis patients with atrial fibrillation. Seminars in dialysis. 2018;31(1):37 -47.

 6. Garlo KG, Steele DJR, Nigwekar SU, Chan KE. Demystifying the Benefits and Harms of Anticoagu-
lation for Atrial Fibrillation in Chronic Kidney Disease. Clinical journal of the American Society of 
Nephrology: CJASN. 2019;14(1):125 -36.

 7. Zimmerman D, Sood MM, Rigatto C, Holden RM, Hiremath S, Clase CM. Systematic review and 
meta -analysis of incidence, prevalence and outcomes of atrial fibrillation in patients on dialysis. 
Nephrology, dialysis, transplantation: official publication of the European Dialysis and Transplant 
Association – European Renal Association. 2012;27(10):3816 -22.

 8. Randhawa MS, Vishwanath R, Rai MP, Wang L, Randhawa AK, Abela G, et al. Association Between 
Use of Warfarin for Atrial Fibrillation and Outcomes Among Patients With End -Stage Renal Disease: 
A Systematic Review and Meta -analysis. JAMA network open. 2020;3(4):e202175.

 9. Lau YC, Proietti M, Guiducci E, Blann AD, Lip GYH. Atrial Fibrillation and Thromboembolism in 
Patients With Chronic Kidney Disease. Journal of the American College of Cardiology. 
2016;68(13):1452 -64.

 10. Marinigh R, Lane DA, Lip GY. Severe renal impairment and stroke prevention in atrial fibrillation: 
implications for thromboprophylaxis and bleeding risk. Journal of the American College of Cardi-
ology. 2011;57(12):1339 -48.

 11. January CT, Wann LS, Calkins H, Chen LY, Cigarroa JE, Cleveland JC, Jr., et al. 2019 AHA/ACC/HRS 
Focused Update of the 2014 AHA/ACC/HRS Guideline for the Management of Patients With 
Atrial Fibrillation: A Report of the American College of Cardiology/American Heart Association 
Task Force on Clinical Practice Guidelines and the Heart Rhythm Society. Journal of the American 
College of Cardiology. 2019;74(1):104 -32.

 12. Potpara TS, Ferro C, Lip GYH, Dan GA, Lenarczyk R, Mallamaci F, et al. Management of atrial fibril-
lation in patients with chronic kidney disease in clinical practice: a joint European Heart Rhythm 
Association (EHRA) and European Renal Association/European Dialysis and Transplantation 
Association (ERA/EDTA) physician -based survey. Europace: European pacing, arrhythmias, and 
cardiac electrophysiology: journal of the working groups on cardiac pacing, arrhythmias, and 
cardiac cellular electrophysiology of the European Society of Cardiology. 2020;22(3):496 -505.

 13. Turakhia MP, Blankestijn PJ, Carrero JJ, Clase CM, Deo R, Herzog CA, et al. Chronic kidney disease 
and arrhythmias: conclusions from a Kidney Disease: Improving Global Outcomes (KDIGO) Con-
troversies Conference. European heart journal. 2018;39(24):2314 -25.

 14. Lip GY, Fauchier L, Freedman SB, Van Gelder I, Natale A, Gianni C, et al. Atrial fibrillation. Nature 
reviews Disease primers. 2016;2:16016.

 15. Staerk L, Sherer JA, Ko D, Benjamin EJ, Helm RH. Atrial Fibrillation: Epidemiology, Pathophysiol-
ogy, and Clinical Outcomes. Circulation research. 2017;120(9):1501 -17.

 16. Hart RG, Pearce LA, Aguilar MI. Meta -analysis: antithrombotic therapy to prevent stroke in patients 
who have nonvalvular atrial fibrillation. Annals of internal medicine. 2007;146(12):857 -67.

 17. Hirsh J, Dalen J, Anderson DR, Poller L, Bussey H, Ansell J, et al. Oral anticoagulants: mechanism 
of action, clinical effectiveness, and optimal therapeutic range. Chest. 2001;119(1 Suppl):8s -21s.

 18. Hu A, Niu J, Winkelmayer WC. Oral Anticoagulation in Patients With End -Stage Kidney Disease on 
Dialysis and Atrial Fibrillation. Seminars in nephrology. 2018;38(6):618 -28.

 19. Ruff CT, Giugliano RP, Braunwald E, Hoffman EB, Deenadayalu N, Ezekowitz MD, et al. Comparison 
of the efficacy and safety of new oral anticoagulants with warfarin in patients with atrial fibrilla-
tion: a meta -analysis of randomised trials. Lancet (London, England). 2014;383(9921):955 -62.

 20. Morais AI, Pinto D, Cerca F, Torres I, Novais MJ, Barbosa SA, et al. NOAC versus AVK: avaliação da 
qualidade de vida em idosos com fibrilhação auricular nos cuidados de saúde primários. Revista 
Portuguesa de Medicina Geral e Familiar. 2020;36:16 -23.

 21. Heidbuchel H, Verhamme P, Alings M, Antz M, Diener HC, Hacke W, et al. Updated European Heart 
Rhythm Association Practical Guide on the use of non -vitamin K antagonist anticoagulants in 
patients with non -valvular atrial fibrillation. Europace: European pacing, arrhythmias, and car-
diac electrophysiology: journal of the working groups on cardiac pacing, arrhythmias, and cardiac 
cellular electrophysiology of the European Society of Cardiology. 2015;17(10):1467 -507.

 22. Ha JT, Neuen BL, Cheng LP, Jun M, Toyama T, Gallagher MP, et al. Benefits and Harms of Oral 
Anticoagulant Therapy in Chronic Kidney Disease: A Systematic Review and Meta -analysis. Annals 
of internal medicine. 2019;171(3):181 -9.

 23. Ghoshal S, Freedman BI. Mechanisms of Stroke in Patients with Chronic Kidney Disease. American 
journal of nephrology. 2019;50(4):229 -39.

 24. Reinecke H, Brand E, Mesters R, Schäbitz WR, Fisher M, Pavenstädt H, et al. Dilemmas in the 
management of atrial fibrillation in chronic kidney disease. Journal of the American Society of 
Nephrology: JASN. 2009;20(4):705 -11.

 25. Konstantinidis I, Nadkarni GN, Yacoub R, Saha A, Simoes P, Parikh CR, et al. Representation of 
Patients With Kidney Disease in Trials of Cardiovascular Interventions: An Updated Systematic 
Review. JAMA internal medicine. 2016;176(1):121 -4.

 26. Klijn CJ, Paciaroni M, Berge E, Korompoki E, Kõrv J, Lal A, et al. Antithrombotic treatment for 
secondary prevention of stroke and other thromboembolic events in patients with stroke or 
transient ischemic attack and non -valvular atrial fibrillation: A European Stroke Organisation 
guideline. European stroke journal. 2019;4(3):198 -223.

 27. Gage BF, Waterman AD, Shannon W, Boechler M, Rich MW, Radford MJ. Validation of clinical 
classification schemes for predicting stroke: results from the National Registry of Atrial Fibrillation. 
Jama. 2001;285(22):2864 -70.

 28. Lip GY, Nieuwlaat R, Pisters R, Lane DA, Crijns HJ. Refining clinical risk stratification for predicting 
stroke and thromboembolism in atrial fibrillation using a novel risk factor -based approach: the 
euro heart survey on atrial fibrillation. Chest. 2010;137(2):263 -72.

 29. Chao TF, Liu CJ, Wang KL, Lin YJ, Chang SL, Lo LW, et al. Incidence and prediction of ischemic stroke 
among atrial fibrillation patients with end -stage renal disease requiring dialysis. Heart rhythm. 
2014;11(10):1752 -9.

 30. Piccini JP, Stevens SR, Chang Y, Singer DE, Lokhnygina Y, Go AS, et al. Renal dysfunction as a predic-
tor of stroke and systemic embolism in patients with nonvalvular atrial fibrillation: validation of 
the R(2)CHADS(2) index in the ROCKET AF (Rivaroxaban Once -daily, oral, direct factor Xa inhibition 
Compared with vitamin K antagonism for prevention of stroke and Embolism Trial in Atrial Fibril-
lation) and ATRIA (AnTicoagulation and Risk factors In Atrial fibrillation) study cohorts. Circulation. 
2013;127(2):224 -32.

 31. Apostolakis S, Guo Y, Lane DA, Buller H, Lip GY. Renal function and outcomes in anticoagulated 
patients with non -valvular atrial fibrillation: the AMADEUS trial. European heart journal. 
2013;34(46):3572 -9.

 32. Roldán V, Marín F, Manzano -Fernandez S, Fernández H, Gallego P, Valdés M, et al. Does chronic 
kidney disease improve the predictive value of the CHADS2 and CHA2DS2 -VASc stroke stratifica-
tion risk scores for atrial fibrillation? Thrombosis and haemostasis. 2013;109(5):956 -60.

 33. Friberg L, Benson L, Lip GY. Balancing stroke and bleeding risks in patients with atrial fibrillation 
and renal failure: the Swedish Atrial Fibrillation Cohort study. European heart journal. 
2015;36(5):297 -306.

 34. Singer DE, Chang Y, Borowsky LH, Fang MC, Pomernacki NK, Udaltsova N, et al. A new risk scheme 
to predict ischemic stroke and other thromboembolism in atrial fibrillation: the ATRIA study stroke 
risk score. Journal of the American Heart Association. 2013;2(3):e000250.

 35. Chao TF, Liu CJ, Wang KL, Lin YJ, Chang SL, Lo LW, et al. Using the CHA2DS2 -VASc score for refining 
stroke risk stratification in ‘low -risk’ Asian patients with atrial fibrillation. Journal of the American 
College of Cardiology. 2014;64(16):1658 -65.

 36. McAlister FA, Wiebe N, Jun M, Sandhu R, James MT, McMurtry MS, et al. Are Existing Risk Scores 
for Nonvalvular Atrial Fibrillation Useful for Prediction or Risk Adjustment in Patients With 
Chronic Kidney Disease? The Canadian journal of cardiology. 2017;33(2):243 -52.

 37. Pisters R, Lane DA, Nieuwlaat R, de Vos CB, Crijns HJ, Lip GY. A novel user -friendly score (HAS -BLED) 
to assess 1 -year risk of major bleeding in patients with atrial fibrillation: the Euro Heart Survey. 
Chest. 2010;138(5):1093 -100.

 38. Gage BF, Yan Y, Milligan PE, Waterman AD, Culverhouse R, Rich MW, et al. Clinical classification 
schemes for predicting hemorrhage: results from the National Registry of Atrial Fibrillation (NRAF). 
American heart journal. 2006;151(3):713 -9.

 39. Fang MC, Go AS, Chang Y, Borowsky LH, Pomernacki NK, Udaltsova N, et al. A new risk scheme to 
predict warfarin -associated hemorrhage: The ATRIA (Anticoagulation and Risk Factors in Atrial 
Fibrillation) Study. Journal of the American College of Cardiology. 2011;58(4):395 -401.

 40. Apostolakis S, Lane DA, Guo Y, Buller H, Lip GY. Performance of the HEMORR(2)HAGES, ATRIA, and 
HAS -BLED bleeding risk -prediction scores in patients with atrial fibrillation undergoing anticoagulation: 
the AMADEUS (evaluating the use of SR34006 compared to warfarin or acenocoumarol in patients 
with atrial fibrillation) study. Journal of the American College of Cardiology. 2012;60(9):861 -7.

 41. Olesen JB, Lip GY, Hansen PR, Lindhardsen J, Ahlehoff O, Andersson C, et al. Bleeding risk in ‘real 
world’ patients with atrial fibrillation: comparison of two established bleeding prediction schemes 
in a nationwide cohort. Journal of thrombosis and haemostasis: JTH. 2011;9(8):1460 -7.

 42. Zhu W, He W, Guo L, Wang X, Hong K. The HAS -BLED Score for Predicting Major Bleeding Risk in 
Anticoagulated Patients With Atrial Fibrillation: A Systematic Review and Meta -analysis. Clinical 
cardiology. 2015;38(9):555 -61.

 43. Ocak G, Ramspek C, Rookmaaker MB, Blankestijn PJ, Verhaar MC, Bos WJW, et al. Performance of 
bleeding risk scores in dialysis patients. Nephrology, dialysis, transplantation: official publication 
of the European Dialysis and Transplant Association – European Renal Association. 2019;34(7):1223-
-31.

 44. Weigert AL, Schafer AI. Uremic bleeding: pathogenesis and therapy. The American journal of the 
medical sciences. 1998;316(2):94 -104.

 45. De Vriese AS, Heine G. Anticoagulation Management In Hemodialysis Patients With Atrial Fibril-
lation: Evidence And Opinion. Nephrology, dialysis, transplantation: official publication of the 
European Dialysis and Transplant Association – European Renal Association. 2021.

 46. Bassand JP, Virdone S, Badoz M, Verheugt FWA, Camm AJ, Cools F, et al. Bleeding and related 
mortality with NOACs and VKAs in newly diagnosed atrial fibrillation: results from the GARFIELD-
-AF registry. Blood advances. 2021;5(4):1081 -91.

 47. Tereshchenko LG, Henrikson CA, Cigarroa J, Steinberg JS. Comparative Effectiveness of Interventions 
for Stroke Prevention in Atrial Fibrillation: A Network Meta -Analysis. Journal of the American 
Heart Association. 2016;5(5).

 48. Hicks T, Stewart F, Eisinga A. NOACs versus warfarin for stroke prevention in patients with AF: a 
systematic review and meta -analysis. Open heart. 2016;3(1):e000279.

 49. Larsen TB, Skjøth F, Nielsen PB, Kjældgaard JN, Lip GY. Comparative effectiveness and safety of 
non -vitamin K antagonist oral anticoagulants and warfarin in patients with atrial fibrillation: 
propensity weighted nationwide cohort study. BMJ (Clinical research ed). 2016;353:i3189.

 50. Harel Z, Chertow GM, Shah PS, Harel S, Dorian P, Yan AT, et al. Warfarin and the Risk of Stroke and 
Bleeding in Patients With Atrial Fibrillation Receiving Dialysis: A Systematic Review and Meta-
-analysis. The Canadian journal of cardiology. 2017;33(6):737 -46.

 51. Kuno T, Takagi H, Ando T, Sugiyama T, Miyashita S, Valentin N, et al. Oral Anticoagulation for 
Patients With Atrial Fibrillation on Long -Term Hemodialysis. Journal of the American College of 
Cardiology. 2020;75(3):273 -85.

 52. Vio R, Proietti R, Rigato M, Calò LA. Clinical Evidence for the Choice of the Direct Oral Anticoagu-
lant in Patients with Atrial Fibrillation According to Creatinine Clearance. Pharmaceuticals (Basel, 
Switzerland). 2021;14(3).

 53. Mahmood M, Lip GYH. Nonvitamin K Oral Anticoagulants in Patients With Atrial Fibrillation and 
Severe Renal Dysfunction. Revista espanola de cardiologia (English ed). 2018;71(10):847 -55.

 54. Genovesi S, Rossi E, Gallieni M, Stella A, Badiali F, Conte F, et al. Warfarin use, mortality, bleeding 
and stroke in haemodialysis patients with atrial fibrillation. Nephrology, dialysis, transplantation: 
official publication of the European Dialysis and Transplant Association – European Renal Asso-
ciation. 2015;30(3):491 -8.

 55. Brodsky SV. Anticoagulants and acute kidney injury: clinical and pathology considerations. Kidney 
research and clinical practice. 2014;33(4):174 -80.



64    Port J Nephrol Hypert 2022; 36(1): 57-64 

Tânia B. Azevedo, Sofia Correia

 56. Gutiérrez OM. Risks of anticoagulation in patients with chronic kidney disease and atrial fibrillation: 
More than just bleeding? Res Pract Thromb Haemost. 2019;3(2):147 -8.

 57. De Vriese AS, Caluwé R, Bailleul E, De Bacquer D, Borrey D, Van Vlem B, et al. Dose -finding study 
of rivaroxaban in hemodialysis patients. American journal of kidney diseases: the official journal 
of the National Kidney Foundation. 2015;66(1):91 -8.

 58. Dias C, Moore KT, Murphy J, Ariyawansa J, Smith W, Mills RM, et al. Pharmacokinetics, Pharma-
codynamics, and Safety of Single -Dose Rivaroxaban in Chronic Hemodialysis. American journal of 
nephrology. 2016;43(4):229 -36.

 59. Mavrakanas TA, Samer CF, Nessim SJ, Frisch G, Lipman ML. Apixaban Pharmacokinetics at Steady 
State in Hemodialysis Patients. Journal of the American Society of Nephrology: JASN. 
2017;28(7):2241 -8.

 60. Stanton BE, Barasch NS, Tellor KB. Comparison of the Safety and Effectiveness of Apixaban versus 
Warfarin in Patients with Severe Renal Impairment. Pharmacotherapy. 2017;37(4):412 -9.

 61. Siontis KC, Zhang X, Eckard A, Bhave N, Schaubel DE, He K, et al. Outcomes Associated With 
Apixaban Use in Patients With End -Stage Kidney Disease and Atrial Fibrillation in the United States. 
Circulation. 2018;138(15):1519 -29.

 62. Chokesuwattanaskul R, Thongprayoon C, Tanawuttiwat T, Kaewput W, Pachariyanon P, Cheungpa-
sitporn W. Safety and efficacy of apixaban versus warfarin in patients with end -stage renal disease: 
Meta -analysis. Pacing and clinical electrophysiology: PACE. 2018;41(6):627 -34.

 63. Eriksson BI, Quinlan DJ, Weitz JI. Comparative pharmacodynamics and pharmacokinetics of oral 
direct thrombin and factor xa inhibitors in development. Clinical pharmacokinetics. 2009;48(1):1 -22.

 64. Ryan M, Ware K, Qamri Z, Satoskar A, Wu H, Nadasdy G, et al. Warfarin -related nephropathy is 
the tip of the iceberg: direct thrombin inhibitor dabigatran induces glomerular hemorrhage with 
acute kidney injury in rats. Nephrology, dialysis, transplantation: official publication of the Euro-
pean Dialysis and Transplant Association – European Renal Association. 2014;29(12):2228 -34.

 65. Chan KE, Edelman ER, Wenger JB, Thadhani RI, Maddux FW. Dabigatran and rivaroxaban use in 
atrial fibrillation patients on hemodialysis. Circulation. 2015;131(11):972 -9.

 66. De Vriese AS, Caluwé R, Pyfferoen L, De Bacquer D, De Boeck K, Delanote J, et al. Multicenter 
Randomized Controlled Trial of Vitamin K Antagonist Replacement by Rivaroxaban with or without 
Vitamin K2 in Hemodialysis Patients with Atrial Fibrillation: the Valkyrie Study. Journal of the 
American Society of Nephrology: JASN. 2020;31(1):186 -96.

 67. Granger CB, Alexander JH, McMurray JJ, Lopes RD, Hylek EM, Hanna M, et al. Apixaban versus war-
farin in patients with atrial fibrillation. The New England journal of medicine. 2011;365(11):981 -92.

 68. Hohnloser SH, Hijazi Z, Thomas L, Alexander JH, Amerena J, Hanna M, et al. Efficacy of apixaban 
when compared with warfarin in relation to renal function in patients with atrial fibrillation: 
insights from the ARISTOTLE trial. European heart journal. 2012;33(22):2821 -30.

 69. Pokorney SD. Renal Hemodialysis Patients Allocated Apixaban Versus Warfarin in Atrial Fibrilla-
tion–RENAL -AF. Philadelphia, PA, USA: American Heart Association Annual Scientific Sessions; 
2019.

 70. De Vriese AS, Caluwé R, Van Der Meersch H, De Boeck K, De Bacquer D. Safety and Efficacy of 
Vitamin K Antagonists versus Rivaroxaban in Hemodialysis Patients with Atrial Fibrillation: A 
Multicenter Randomized Controlled Trial. Journal of the American Society of Nephrology: JASN. 
2021;32(6):1474 -83.

 71. Compare Apixaban and Vitamin -K Antagonists in Patients With Atrial Fibrillation (AF) and End -Stage 
Kidney Disease (ESKD). https://ClinicalTrials.gov/show/NCT02933697.

 72. Strategies for the Management of Atrial Fibrillation in patiEnts Receiving Dialysis. https://Clinical-
Trials.gov/show/NCT03987711.

 73. Eikelboom J, Floege J, Thadhani R, Weitz JI, Winkelmayer WC. Anticoagulation in patients with 
kidney failure on dialysis: factor XI as a therapeutic target. Kidney international. 2021;100(6):1199-
-207.

ORCID
Tânia B. Azevedo  0000-0002-6847-6828
Sofia Correia  0000-0001-5025-1658

Correspondence to:
Tânia B. Azevedo
E-mail: tania.azevedo89@gmail.com

https://ClinicalTrials.gov/show/NCT02933697
https://ClinicalTrials.gov/show/NCT03987711
https://ClinicalTrials.gov/show/NCT03987711
https://orcid.org/0000-0002-6847-6828
https://orcid.org/0000-0002-6847-6828
https://orcid.org/0000-0001-5025-1658
https://orcid.org/0000-0001-5025-1658
mailto:tania.azevedo89%40gmail.com?subject=

