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Abstract
Atrial fibrillation and chronic kidney disease (CKD) frequently coexist, increasing thromboembolic and bleeding risks. This is 
a narrative review of pathophysiology and clinical evidence for anticoagulation strategies in CKD patients. Direct oral antico-
agulants are preferred in CKD stages 1–4. Recent data suggest that the efficacy of apixaban and rivaroxaban is comparable to 
that of warfarin in end-stage renal disease. In advanced CKD, anticoagulation should be tailored with close monitoring.
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Introduction

Definitions and classification of chronic kidney disease (CKD)
CKD is defined by the Kidney Disease: Improving Global Out-
comes guidelines as abnormalities of the kidney structure or func-
tion persisting for more than 3 months.1 The classification system 
incorporates the two key dimensions of estimated glomerular fil-
tration rate (eGFR) and degree of albuminuria, providing a com-
prehensive framework for disease staging and prognosis (Table 
1). In clinical practice, eGFR calculated from serum creatinine 
concentration and albuminuria assessment is the most commonly 
employed diagnostic tool.2 Progressive decline through CKD stag-
es G1-G5 (eGFR categories from > 90 to < 15 mL/min/1.73 m2) 
reflects worsening clinical status, with patients reaching end-stage 
renal disease (ESRD; G5) potentially requiring renal-replacement 
therapy through dialysis or kidney transplantation.1

The bidirectional relationship between atrial fibrillation (AF) 
and CKD
The coexistence of AF and CKD is more than a simple comorbidity. 
These conditions share a bidirectional pathophysiological relation-
ship that amplifies cardiovascular risk.3 Approximately 50% of pa-
tients with AF demonstrate some degree of renal impairment, while 

one in five patients with CKD experience symptomatic AF.4 This 
bidirectional association manifests through multiple mechanisms: 
kidney dysfunction increases AF incidence through electrolyte dis-
turbances, volume overload, and neurohormonal activation, while 
AF accelerates CKD progression through hemodynamic instability 
and reduced renal perfusion.3 Prospective studies have demonstrated 
that incident AF confers a threefold-increased risk of progression to 
ESRD during follow-up periods averaging 5.9 years.5 The intercon-
nection between these conditions extends beyond mere association 
because they share common risk factors, including advanced age, 
hypertension, diabetes mellitus, heart failure, obesity, and cardiovas-
cular disease, supporting the hypothesis of shared abnormal molecu-
lar signaling pathways contributing to their pathogenesis.4

Impact on mortality and cardiovascular outcomes
The combined burden of CKD and AF substantially elevates the 
risks of ischemic stroke, bleeding complications, and mortality.2 

Table 1.  CKD stage according to GFR

GFR 
category

GFR (mL/min 
per 1.73 m2) Terms

G1 ≥ 90 Normal to high

G2 60–89 Mildly decreased

G3a 45–59 Mildly to moderately decreased

G3b 30–44 Moderately to severely decreased

G4 15–29 Severely decreased

G5 <15 Kidney failure or ESRD

CKD, chronic kidney disease; GFR, glomerular filtration rate; ESRD, end-stage renal 
disease.
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An inverse relationship exists between eGFR and adjusted hazard 
ratios (HRs) for all-cause mortality: patients with eGFR < 15 mL/
min/1.73 m2 face a nearly sixfold-increased mortality risk com-
pared to those with eGFR > 60 mL/min/1.73 m2.6 In comprehen-
sive systematic analyses, AF was found to be associated with a 
46% higher risk of all-cause mortality.7 The presence of both con-
ditions creates a vicious cycle: CKD-related uremic milieu, plate-
let dysfunction, endothelial damage, and inflammation predispose 
to AF, while AF-induced hemodynamic compromise and reduced 
cardiac output impair renal perfusion, accelerating renal-function 
decline.8 This bidirectional pathophysiology necessitates inte-
grated management approaches that address both cardiac-rhythm 
control and renal-function preservation.

Age-related considerations and global epidemiology
Both AF and CKD predominantly affect elderly populations, with 
their prevalence increasing proportionally with advancing age.9 
The worldwide prevalence of CKD ranges from 8% to 16%, es-
calating dramatically to 23.4–35.8% in individuals beyond 64 
years of age.10 Similarly, AF prevalence rises progressively with 
age, with several studies demonstrating directly proportional cor-
relations between age and CKD prevalence.11 This demographic 
overlap has profound clinical implications as the global popula-
tion ages, projecting substantial increases in the number of patients 
requiring complex management for concurrent AF and CKD. El-
derly people with these conditions typically present with multiple 
comorbidities, polypharmacy, and increased frailty, further com-
plicating anticoagulation decisions and necessitating individual-
ized risk-benefit assessments.12

Pathophysiological mechanisms: Coagulation dysfunction in 
CKD and AF

The coagulation paradox in CKD
Patients with CKD, particularly those with an advanced stage of 
the disease, exhibit a paradoxical hemostatic state characterized 
by simultaneous prothrombotic and hemorrhagic tendencies.2 This 
complex coagulation imbalance stems from multiple intercon-
nected mechanisms that disrupt normal hemostatic equilibrium. 
Uremia-induced platelet dysfunction is a primary contributor to 
bleeding risk, manifesting through impaired platelet adhesion, 
aggregation, and release reactions.13 Concurrently, patients with 
CKD demonstrate a hypercoagulable state driven by elevated 
levels of procoagulant factors (fibrinogen, factor VIII, and von 
Willebrand factor), reduced natural anticoagulant proteins (pro-
tein C, protein S, and antithrombin), and endothelial dysfunction 
with impaired nitric-oxide production.2 The accumulation of ure-
mic toxins further amplifies this imbalance by inducing chronic 
inflammation, oxidative stress, and vascular calcification, creating 
an environment that simultaneously predisposes to both thrombo-
sis and bleeding.9

Inflammatory and endothelial dysfunction in the AF-CKD axis
Chronic low-grade systemic inflammation is a central pathophysi-
ological mechanism linking AF and CKD.2 CKD-associated in-
flammation manifests through elevated levels of pro-inflammatory 
cytokines (interleukin-6 [IL-6], tumor necrosis factor-α [TNF-α], 
and C-reactive protein) that promote atrial structural and electri-
cal remodeling, creating a substrate for AF initiation and mainte-
nance.14 Endothelial dysfunction, characterized by impaired nitric-
oxide signaling, increased endothelin-1 production, and activation 

of the renin-angiotensin-aldosterone system (RAAS), contributes 
to atrial fibrosis and progressive kidney damage.15 Studies have 
documented elevated levels of circulating endothelial/platelet 
microparticles in patients with AF and progressive renal dysfunc-
tion, demonstrating a significant correlation with declining eGFR 
(P < 0.001) and CKD stage progression.8 This endothelial acti-
vation perpetuates a vicious cycle: renal dysfunction exacerbates 
endothelial damage through uremic-toxin accumulation, while en-
dothelial dysfunction promotes further renal injury through micro-
vascular dysfunction and impaired autoregulation.

Neurohormonal and hemodynamic contributions
RAAS activation plays a pivotal role in the pathophysiology of 
both AF and CKD progression.15 In CKD, compensatory RAAS 
upregulation initially maintains glomerular filtration through ef-
ferent arteriolar vasoconstriction but subsequently drives intra-
glomerular hypertension, proteinuria, and progressive fibrosis.16 
Aldosterone excess promotes atrial fibrosis, ion channel remod-
eling, and electrical instability, predisposing to AF development.17 
Hemodynamic factors further contribute to this pathophysiologi-
cal cascade: AF-related loss of atrial contraction and irregular ven-
tricular response compromise cardiac output by 15–25%, reducing 
renal-perfusion pressure and activating compensatory mechanisms 
that paradoxically accelerate kidney damage.3 Volume overload 
in CKD increases atrial stretch, promoting electrical remodeling 
and triggered activity through mechanosensitive ion channel acti-
vation.4 This complex interplay of neurohormonal activation and 
hemodynamic compromise creates a self-perpetuating cycle that 
accelerates both AF progression and renal-function decline.

Mineral and bone disorder: impact on cardiovascular calcifica-
tion
CKD-mineral and bone disorder is a unique pathophysiological 
link between kidney disease and cardiovascular complications.18 
Hyperphosphatemia, hyperparathyroidism, and vitamin D and 
Klotho deficiency characterize advanced CKD, promoting vas-
cular calcification through multiple mechanisms, including the 
transformation of vascular smooth muscle cells into osteoblast-like 
cells.18 This calcification process particularly affects the cardiac 
valves and coronary arteries, increasing stroke risk in patients with 
AF and complicating anticoagulation management.19 Warfarin 
therapy paradoxically accelerates vascular calcification by inhibit-
ing vitamin K–dependent matrix Gla protein, a critical inhibitor of 
vascular calcification, raising concerns about its use in advanced 
CKD.20 There is emerging evidence that direct oral anticoagulants 
(DOACs) may offer advantages in this context by avoiding vita-
min K antagonism, although definitive comparative studies remain 
limited.1

Pharmacology of anticoagulants: Mechanisms, pharmacoki-
netics, and renal considerations

Molecular mechanisms of DOACs: direct thrombin and factor 
Xa inhibition
The use of DOACs represents a paradigm shift in anticoagula-
tion therapy through their targeted inhibition of specific coagula-
tion cascade components.21 Dabigatran functions as a selective, 
competitive, direct thrombin (factor IIa) inhibitor, blocking the 
final common pathway of coagulation and preventing fibrin for-
mation.22 In contrast, rivaroxaban, apixaban, and edoxaban act 
as direct factor Xa inhibitors, interrupting coagulation at an ear-
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lier step, where both intrinsic and extrinsic pathways converge.22 
These agents demonstrate relatively short half-lives (5–17 h, de-
pending on the specific DOAC and renal-function level), achieve 
peak plasma concentrations within 1–4 h after administration, and 
exhibit predictable pharmacodynamic responses without requir-
ing routine laboratory monitoring.23 The molecular selectivity of 
DOACs confers advantages over warfarin, which nonspecifically 
inhibits multiple vitamin K-dependent clotting factors (II, VII, IX, 
and X) and anticoagulant proteins (proteins C and S), resulting in 
variable anticoagulant effects and necessitating frequent Interna-
tional Normalized Ratio (INR) monitoring.21

Pharmacokinetics and renal-elimination pathways
The pharmacokinetic profiles of DOACs demonstrate critical dif-
ferences in renal elimination that directly impact their use in pa-
tients with CKD.24 Dabigatran exhibits the highest renal clearance 
(approximately 80%), necessitating significant dose adjustments 
or contraindications in advanced CKD.25 Edoxaban demonstrates 
approximately 50% renal elimination, rivaroxaban approximately 
33%, and apixaban 27% (the lowest), making apixaban theoreti-
cally the most favorable option for patients with severe renal im-
pairment.26 These agents also undergo varying degrees of hepato-
biliary elimination and metabolism via cytochrome P450 enzymes 
(primarily CYP3A4) and P-glycoprotein (P-gp) transporter sys-
tems.27 In patients with declining renal function, accumulation of 
the parent drug and active metabolites increases the anticoagulant 
effect and bleeding risk, necessitating dose adjustments based on 
creatinine clearance (CrCl) thresholds specific to each DOAC.25 
Pharmacokinetic studies have demonstrated that even in patients 
with severe renal impairment (CrCl < 30 mL/min), dose-adjusted 
apixaban and rivaroxaban maintain the therapeutic-drug levels 
within acceptable ranges, although individual variability remains 
substantial.26

Calculating renal function for DOAC dosing: importance of the 
Cockcroft-Gault formula
Accurate assessment of renal function is a critical prerequisite for 
safe DOAC prescribing in patients with CKD.25 While multiple 
equations for calculating eGFR exist (including Modification of 
Diet in Renal Disease [MDRD] and CKD Epidemiology Collabo-
ration [CKD-EPI]), the Cockcroft-Gault formula calculating CrCl 
using actual body weight was employed in all pivotal DOAC reg-
istration trials and remains the recommended method for DOAC 
dosing decisions.28 This distinction carries significant clinical 
implications: the CKD-EPI and MDRD equations, which provide 
eGFR normalized to body surface area, often overestimate renal 
function compared to Cockcroft-Gault CrCl, potentially leading 
to inappropriate DOAC dosing and increased bleeding risk.29 For 
example, a 75-year-old female weighing 50 kg with 1.2 mg/dL se-
rum creatinine would have a CrCl (Cockcroft-Gault) of approxi-
mately 35 mL/min but an eGFR (CKD-EPI) of approximately 48 
mL/min—a difference that could alter dose recommendations.25 
Regular monitoring of renal function remains essential, with ex-
perts recommending monitoring frequency (in months), calculated 
as CrCl divided by 10 (e.g., for CrCl 40 mL/min, recheck every 4 
months).30

Drug-drug interactions and P-gp modulation
DOACs demonstrate clinically significant interactions with medi-
cations affecting P-gp transport and CYP3A4 metabolism, which 
are particularly relevant in patients with CKD who typically re-
ceive multiple concurrent medications.31 Strong dual inhibitors of 

both P-gp and CYP3A4 (including azole antifungals, human im-
munodeficiency virus [HIV] protease inhibitors, and dronedarone) 
substantially increase DOAC plasma levels, amplifying bleeding 
risk and necessitating dose reduction or alternative anticoagula-
tion strategies.32 Conversely, strong inducers (including rifampin, 
carbamazepine, phenytoin, and St. John’s Wort) accelerate DOAC 
metabolism and elimination, potentially resulting in subtherapeu-
tic anticoagulation and increased thrombotic risk.33 Commonly 
prescribed medications for patients with CKD warrant particular 
attention: amiodarone and verapamil increase dabigatran levels 
through P-gp inhibition, clarithromycin and erythromycin increase 
rivaroxaban and apixaban exposure, and nonsteroidal anti-inflam-
matory drugs confer additive bleeding risk through antiplatelet 
effects.34 Recent pharmacokinetic studies have demonstrated that 
even commonly prescribed statins (particularly atorvastatin and 
simvastatin, both CYP3A4 substrates) may modestly increase 
apixaban and rivaroxaban levels, although clinical significance 
remains unclear.35 Systematic medication reviews at initiation and 
during DOAC therapy are essential safety measures for patients 
with CKD.36

Anticoagulation in CKD stages 1–4: Evidence, dosing, and 
comparative effectiveness

Evidence from pivotal trials: DOAC superiority in mild–moder-
ate CKD
The landmark randomized controlled trials establishing DOAC ef-
ficacy in AF (RE-LY for dabigatran, ROCKET-AF for rivaroxa-
ban, ARISTOTLE for apixaban, and ENGAGE AF-TIMI 48 for 
edoxaban) demonstrated non-inferiority or superiority compared 
to warfarin for stroke prevention, with prespecified subgroup 
analyses evaluating outcomes across renal-function strata.37 In the 
collective evidence obtained from patients with CKD stages 1–3 
(eGFR > 30 mL/min) in these trials, the use of DOACs showed 
a 19% reduction in stroke/systemic-embolism risk, a 51% reduc-
tion in hemorrhagic-stroke incidence, a 10% reduction in all-cause 
mortality, a 14% reduction in major bleeding cases, and a 52% 
reduction in intracranial-hemorrhage occurrence compared to 
warfarin.38 Meta-analyses incorporating data from over 16,000 pa-
tients with CKD confirmed that these benefits extend consistently 
across CKD stages 1–3, with some analyses suggesting enhanced 
relative-risk reduction in patients with moderate renal impairment 
(eGFR 30–49 mL/min) compared to those with preserved renal 
function.39 The safety advantages of DOACs appeared particularly 
pronounced for intracranial bleeding, with HRs decreasing pro-
gressively with declining renal function (a 6.2% decrease in HR 
per 10 mL/min decrease in CrCl), suggesting potential enhanced 
benefit-risk profiles in moderate CKD.39

Comparative effectiveness of individual DOACs in CKD
Direct head-to-head comparisons of DOACs in CKD populations 
are limited, with most of the existing evidence derived from network 
meta-analyses and real-world observational studies.40 Among the 
four available DOACs, apixaban demonstrated the most favorable 
pharmacokinetic profile for advanced CKD due to its minimal re-
nal-elimination rate (27%), with approval for use down to CrCl 15 
mL/min in some jurisdictions.41 The results of network meta-anal-
yses evaluating comparative effectiveness across CKD stages sug-
gest that apixaban and edoxaban rank highest for reducing stroke/
systemic-embolism risk, while apixaban demonstrates a superior 
safety profile, with the lowest rates of major bleeding across all 
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CKD stages.37 Rivaroxaban, despite a mere 33% renal-elimination 
rate, has shown effectiveness in patients with CKD stage 4 (eGFR 
15–29 mL/min) in real-world studies, with reduced major bleeding 
compared to warfarin.42 Dabigatran, with an 80% renal-elimina-
tion rate, generally requires avoidance in CKD stages 4–5 due to 
substantial drug accumulation and elevated bleeding risk, although 
a reduced 75 mg twice-daily dose received US Food and Drug Ad-
ministration (FDA) approval based on pharmacokinetic modeling 
for CrCl 15–30 mL/min (not approved in Europe).25 The results of 
comparative-effectiveness studies in CKD stages 3–4 suggest that 
apixaban and rivaroxaban demonstrate similar efficacy levels, but 
apixaban may offer modest safety advantages, with 20–30% lower 
major bleeding rates.19

Dose adjustments and regulatory guidance across CKD stages
Dose adjustment recommendations for DOACs vary by agent and 
differ between regulatory authorities (FDA vs. European Medi-
cines Agency), creating potential confusion in clinical practice 
(Table 2).43 For apixaban, the standard dosing is 5 mg twice daily, 
with a reduction to 2.5 mg twice daily recommended when two or 
more of the following criteria are met: age ≥ 80 years, body weight 
≤ 60 kg, and serum creatinine ≥ 1.5 mg/dL (≥133 µmol/L).25 Nota-
bly, CrCl 15–29 mL/min alone mandates dose reduction to 2.5 mg 
twice daily regardless of other factors.26 The rivaroxaban standard 
dosing of 20 mg once daily requires a reduction to 15 mg once 
daily for CrCl 15–49 mL/min in patients with AF, while edoxa-
ban 60 mg once daily requires a reduction to 30 mg once daily 
for CrCl 15–50 mL/min, body weight ≤ 60 kg, or concomitant 
P-gp inhibitors.44 Dabigatran dosing varies substantially between 
regions: FDA approved 75 mg twice daily for CrCl 15–30 mL/
min based solely on pharmacokinetic data, while European guide-
lines contraindicate dabigatran for CrCl < 30 mL/min due to safety 
concerns.25 Real-world studies have revealed concerning rates of 
inappropriate DOAC dosing (both under- and over-dosing), ap-
proaching 25–50% in CKD populations, emphasizing the need for 
improved clinician education and decision support tools.45

Monitoring requirements: renal-function and coagulation 
parameters
While DOACs do not require routine coagulation monitoring for 
dose titration, systematic assessment of renal function is a critical 
safety measure, particularly because renal function may fluctuate 
due to acute illness, volume depletion, or medication changes.12 
Evidence-based guidelines recommend baseline renal-function as-
sessment before DOAC initiation, with the subsequent monitoring 
frequency tailored to CKD stage and clinical stability.43 There is 

expert consensus that annual monitoring suffices for CrCl > 60 
mL/min, with increasing frequency as renal function declines: eve-
ry 6 months for CrCl 30–60 mL/min, every 3–4 months for CrCl 
15–30 mL/min, and monthly to quarterly for dialysis patients.29 
The practical formula for monitoring frequency (frequency in 
months = CrCl/10) provides individualized guidance (e.g., CrCl 
40 mL/min warrants monitoring every 4 months).30 Beyond renal 
function, assessment of hemoglobin, hepatic function, and clinical 
signs of bleeding or thrombosis should occur at each monitoring 
visit.46 While routine measurement of DOAC drug levels or anti-
Xa activity is not recommended for standard management, specific 
clinical scenarios may warrant testing, including suspected over-
dose, urgent surgery, active bleeding, thrombosis despite antico-
agulation, or concerns about medication adherence.47

Advanced CKD and ESRD: Evidence, controversies, and 
emerging strategies

The evidence gap: Why patients with ESRD were excluded from 
pivotal trials
Patients with severe CKD (CrCl < 25–30 mL/min) and those re-
quiring dialysis were systematically excluded from the pivotal 
DOAC registration trials, creating a substantial evidence gap for 
this high-risk population.48 This exclusion stemmed from mul-
tiple concerns: unpredictable pharmacokinetics due to severely 
impaired renal elimination, elevated baseline bleeding risk from 
uremic-platelet dysfunction, concern for drug accumulation given 
prolonged half-lives in advanced renal failure, and ethical consid-
erations regarding the benefit-risk balance in a population already 
experiencing high mortality.49 Consequently, FDA and European 
Medicines Agency regulatory approvals for DOACs explicitly 
excluded or provided limited guidance for ESRD/dialysis popula-
tions, with most labels contraindicating use or stating “not recom-
mended” for patients with CrCl < 15 mL/min.50 Notable excep-
tions include FDA labeling for apixaban (5 mg twice daily can be 
used in patients with ESRD, including hemodialysis) and rivaroxa-
ban (15 mg once daily can be considered, albeit with limited clini-
cal data), while European labels remain more conservative.51 This 
regulatory discrepancy reflects the paucity of prospective data and 
the reliance on pharmacokinetic modeling rather than clinical-out-
come evidence.50

Concerns with warfarin in ESRD: Bleeding risk and vascular 
calcification
Despite being the traditional anticoagulant of choice for patients 

Table 2.  Dose selection criteria for DOACs

CrCl Dabigatran Rivaroxaban Edoxaban Apixaban

90 mL/min; 50 mL/min 150 mg BID; 110 mg BIDa 20 mg 60mgb 5 mg BID

30 mL/min 110 mg BID* 15 mg 30 mg 2.5 mg BIDc

15 mL/min X 15 mg* 30 mg* 2.5 mg BID*

Dialysis Contraindicated as per SmPCs; Limited data available for outcome; 
Multidisciplinary, individualized approach; Off-label situation

aA 110 mg BID dose may be considered in patients with a high bleeding risk, in accordance with the SmPC. bAdditional dose-reduction criteria may apply, including body weight ≤ 
60 kg or concomitant therapy with potent P-gp inhibitors. For edoxaban, the EMA recommends use in patients with high creatinine clearance only after careful evaluation of the 
individual thromboembolic and bleeding risks. cApixaban 2.5 mg twice daily should be used when at least two of the following criteria are present: age ≥ 80 years, body weight ≤ 
60 kg, or serum creatinine ≥ 1.5 mg/dL (133 µmol/L). *Situations requiring cautious use of the drug. BID, twice daily; CrCl, creatinine clearance; DOACs, direct oral anticoagulants; 
EMA, European Medicines Agency; P-gp, P-glycoprotein; SmPC, Summary of Product Characteristics.
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with ESRD, warfarin use in this population is associated with sig-
nificant concerns regarding both safety and mechanism-mediated 
toxicity.20 Observational studies have demonstrated that warfarin 
significantly increases bleeding risk as CrCl declines, with HRs 
for major bleeding approaching twofold to threefold in patients 
with ESRD compared to patients with preserved renal function.52 
More concerning, warfarin induces vascular calcification through 
inhibition of matrix Gla protein, a vitamin K-dependent inhibitor 
of vascular calcification, potentially accelerating cardiovascular-
disease progression in a population already burdened by CKD-
mineral and bone disorder.20 This warfarin-associated arteriopathy 
manifests as progressive calcification of the arterial media and in-
tima, contributing to arterial stiffness, left ventricular hypertrophy, 
and increased cardiovascular mortality.18 In extreme cases, warfa-
rin can precipitate calciphylaxis (calcific uremic arteriolopathy), a 
rare but often fatal condition characterized by painful skin necrosis 
resulting from calcification and thrombosis of dermal arterioles.51 
Despite these concerns, observational studies evaluating the effi-
cacy of warfarin versus no anticoagulation in patients with dialysis 
and AF have yielded conflicting results: some suggest a modest 
reduction in stroke risk with warfarin, others demonstrate no ben-
efit or even increased harm, and nearly all show elevated bleeding 
risk.52 This equipoise regarding warfarin’s benefit-risk balance in 
ESRD has motivated the investigation of DOACs as potentially 
safer alternatives.

Randomized evidence in ESRD: The AXADIA-AFNET 8, 
RENAL-AF, and Valkyrie trials
Three landmark randomized controlled trials discussed in articles 
published in 2020–2023 have substantially advanced the evidence 
base for anticoagulation in ESRD patients with AF.19 The AX-
ADIA-AFNET 8 trial randomized 97 patients with AF undergo-
ing chronic hemodialysis to apixaban 2.5 mg twice daily versus 
phenprocoumon (a vitamin K antagonist); apixaban did not meet 
the prespecified non-inferiority criteria for the composite safety/
efficacy endpoint (International Society on Thrombosis and Hae-
mostasis major bleeding or all-cause mortality), with similar rates 
between groups, but the trial was underpowered.19 The RENAL-
AF trial, which was prematurely terminated due to slow enroll-
ment, compared apixaban (2.5 mg or 5 mg twice daily per FDA 
labeling) and warfarin in 154 patients undergoing hemodialysis. 
The major bleeding rates were numerically similar (apixaban 10% 
vs. warfarin 11%), although the cardiovascular mortality rate was 
unexpectedly higher with apixaban (apixaban 19% vs. warfarin 
11%, HR 1.75, 95% confidence interval [CI]: 0.62–4.94).19 The 
Valkyrie trial had more promising results. This three-arm study 
randomized 132 hemodialysis patients with AF to rivaroxaban 10 
mg once daily, rivaroxaban 10 mg plus vitamin K2 supplemen-
tation, or warfarin and found significantly lower composite car-
diovascular events and major bleeding with rivaroxaban compared 
to warfarin (HR 0.47, 95% CI: 0.24–0.93, P = 0.03).19 Notably, 
vitamin K2 co-administration did not provide additional benefits 
beyond rivaroxaban alone.19

Meta-analyses of ESRD trials: Synthesizing the evidence
Two meta-analyses presented at the 2023 European Society of Car-
diology Congress synthesized the randomized evidence obtained 
from the AXADIA-AFNET 8, RENAL-AF, and Valkyrie trials, 
encompassing approximately 380 patients with ESRD undergoing 
chronic hemodialysis.19 They had concordant conclusions: there 
were no significant differences between DOACs (apixaban or ri-
varoxaban) and warfarin for cardiovascular mortality, all-cause 

mortality, ischemic stroke, or major/life-threatening bleeding.19 
The pooled estimates suggested that DOACs were at least as safe 
and effective as warfarin, although the CIs remained wide due to 
limited sample sizes and event rates.19 Importantly, these meta-
analyses highlighted the fact that despite anticoagulation with 
either DOACs or warfarin, patients with ESRD and AF retain a 
substantially elevated risk for adverse outcomes: annual rates of 
major bleeding approached 8–12%, stroke rates 2–4%, and all-
cause mortality 15–25%, underscoring the high baseline risk in 
this population regardless of the anticoagulation strategy used.19 
These findings support the conclusion that DOACs are reasonable 
alternatives to warfarin in ESRD, potentially offering practical ad-
vantages (no INR monitoring and fewer drug interactions) with-
out compromising safety or efficacy, although neither approach 
eliminates the substantial residual risk inherent in this vulnerable 
population.

Renal preservation and DOAC selection: Optimizing out-
comes

Nephroprotective effects of DOACs: Beyond anticoagulation
There is emerging evidence that DOACs, particularly factor Xa 
inhibitors, may confer nephroprotective benefits beyond antico-
agulant effects, contrasting with warfarin’s potential to accelerate 
CKD progression.1 Large observational cohorts have demonstrat-
ed that DOAC use is associated with lower rates of acute kidney 
injury, reduced incidence of CKD development, and slower eGFR 
decline compared to warfarin treatment.53 Mechanistic studies 
have proposed several pathways through which DOACs may pre-
serve renal function: reduction of renal microthrombi formation 
and ischemic injury, decreased glomerular endothelial activation 
and inflammation, mitigation of prothrombotic uremic milieu 
without inducing vascular calcification (which occurs with war-
farin), and preservation of renal microcirculatory perfusion.1 The 
XARENO registry, a prospective observational study of patients 
with AF and advanced CKD (CrCl 15–49 mL/min), demonstrated 
that rivaroxaban is associated with a 38% reduction in compos-
ite adverse kidney outcomes (eGFR decline to < 15 mL/min/1.73 
m2, need for dialysis, or acute kidney injury) compared to warfarin 
(HR 0.62, 95% CI: 0.43–0.88) over 2.1-year follow-up.42 Similar-
ly, the results of a large Korean national cohort data encompassing 
over 20,000 patients with AF showed that rivaroxaban conferred 
a 61% lower risk of kidney failure (defined as dialysis initiation 
or transplantation) compared to warfarin, with particular benefits 
in patients with baseline eGFR ≤ 60 mL/min (HR 0.389, 95% CI: 
0.300–0.499).42

Rivaroxaban: Specific evidence for renal outcomes
Among DOACs, rivaroxaban has accumulated the most robust 
evidence for renal-preservation benefits, supported by data from 
mechanistic studies and large-scale clinical outcomes.42 Pharma-
cokinetic studies have demonstrated that despite a mere 33% renal-
elimination rate, rivaroxaban maintains favorable clearance char-
acteristics even in severe renal impairment (CrCl 15–29 mL/min), 
with modest increases in drug exposure manageable through dose 
reduction to 15 mg once daily.26 The nephroprotective mecha-
nisms of rivaroxaban appear multifactorial: inhibition of factor Xa 
reduces protease-activated receptor signaling in the renal endothe-
lium, potentially mitigating inflammation and fibrosis; prevention 
of fibrin deposition in glomerular capillaries preserves microvas-
cular perfusion; and avoidance of vitamin K antagonism preserves 
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matrix Gla protein function, preventing vascular calcification.1 
Clinical evidence of particularly striking renal benefits was ob-
tained from the XARENO study: among patients with severe renal 
impairment (CrCl < 30 mL/min) at baseline (comprising 20.8% 
of the cohort), rivaroxaban reduced adverse kidney outcomes by 
38%, higher compared to warfarin, with an additional 24% reduc-
tion in all-cause mortality (HR 0.76, 95% CI: 0.59–0.98).42 These 
nephroprotective effects may translate into meaningful clinical 
benefits: preserving residual renal function delays dialysis initia-
tion, reduces cardiovascular complications, improves quality of 
life, and may extend survival, even in patients who eventually re-
quire dialysis.42

Apixaban versus Rivaroxaban: Comparative safety in advanced 
CKD
Direct comparative studies evaluating apixaban versus rivaroxa-
ban specifically in advanced CKD populations remain limited, 
with most of the existing evidence derived from observational 
cohorts and network meta-analyses.19 Both agents demonstrate fa-
vorable benefit-risk profiles compared to warfarin, although sub-
tle differences may inform drug selection.41 Apixaban’s minimal 
renal-elimination rate (27%) theoretically confers an advantage 
in severe renal impairment, with FDA approval supporting its use 
down to CrCl 15 mL/min and even in dialysis patients.41 Results 
of comparative observational studies in CKD stage 4–5 popula-
tions suggest that apixaban is associated with 20–30% lower major 
bleeding rates compared to rivaroxaban, although the differences 
in stroke prevention appear similar.19 Real-world effectiveness 
studies in ESRD populations demonstrate that both agents perform 
comparably to warfarin: apixaban data from the AXADIA-AFNET 
8 and RENAL-AF trials show similar bleeding and stroke rates 
to warfarin, but with the practical advantages of no INR moni-
toring,19 while rivaroxaban data from the Valkyrie trial suggests 
potential superiority for composite cardiovascular outcomes.19 
Network meta-analyses ranking DOACs across safety and efficacy 
endpoints have consistently positioned apixaban with the highest 
probability of being “best” for major bleeding prevention, while 
edoxaban and apixaban rank similarly for stroke prevention.37 
Practically, apixaban’s twice-daily dosing may challenge adher-
ence compared to rivaroxaban’s once-daily regimen, although 
twice-daily dosing provides a more stable anticoagulant effect, 
with lower peak-to-trough variability.25

Practical algorithm for DOAC selection in patients with CKD-
AF
Synthesizing the available evidence into practical clinical guid-
ance, we propose a structured approach to DOAC selection across 
the CKD spectrum (Table 2).43 For CKD stages 1–3a (eGFR ≥ 
45 mL/min), any DOAC is appropriate, with selection based on 
patient-specific factors, including comorbidities, concomitant 
medications, dosing-frequency preferences, and cost considera-
tions; apixaban or edoxaban may be preferred for patients with 
higher bleeding risk, given their slight safety advantages.37 For 
CKD stage 3b (eGFR 30–44 mL/min), apixaban, rivaroxaban, and 
edoxaban are preferred over dabigatran; however, dose adjustment 
is required for rivaroxaban (15 mg daily) and edoxaban (30 mg 
daily), and apixaban dose adjustment is required if two additional 
risk factors are presented (age ≥ 80, weight ≤ 60 kg, or creatinine ≥ 
1.5 mg/dL).25 For CKD stage 4 (eGFR 15–29 mL/min), apixaban 
(2.5 mg twice daily) and rivaroxaban (15 mg daily) are preferred 
options; edoxaban (30 mg daily) is an acceptable alternative, but 
dabigatran should be avoided (contraindicated in Europe, limited 

evidence for 75 mg twice daily dose in the United States).26 For 
CKD stage 5/ESRD on dialysis, individualized decision-making is 
essential; apixaban (5 mg twice daily per FDA label in the United 
States, or 2.5 mg twice daily if the dose reduction criteria are met) 
and rivaroxaban (15 mg daily) are reasonable alternatives to warfa-
rin based on emerging trial data, but close monitoring for bleeding 
and thrombotic events is mandatory, and non-anticoagulation may 
be appropriate for selected high-bleeding risk patients after shared 
decision-making.50 This algorithm emphasizes that DOAC selec-
tion in advanced CKD requires the integrated consideration of re-
nal function, bleeding risk, drug interactions, patient preferences, 
and clinical judgment, with no single “correct” choice applicable 
to all patients.

Monitoring, safety, and practical management considerations

Renal-function monitoring: Frequency and thresholds
Systematic monitoring of renal function is a cornerstone of safe 
DOAC management in CKD populations, given the potential for 
acute deterioration and consequent drug accumulation.12 Evi-
dence-based guidelines and expert consensus recommend baseline 
assessment of serum creatinine and calculation of CrCl using the 
Cockcroft-Gault formula before DOAC initiation, with subse-
quent monitoring frequency stratified by baseline renal function 
and clinical stability.29 For stable outpatients, the recommended 
monitoring intervals are as follows: annually for CrCl > 60 mL/
min, every 6 months for CrCl 30–60 mL/min, every 3–4 months 
for CrCl 15–30 mL/min, and monthly to quarterly for dialysis 
patients.46 The pragmatic formula of monitoring frequency (fre-
quency in months = CrCl/10) provides individualized guidance, 
accounting for the principle that patients with lower renal function 
require more frequent assessment.30 Beyond scheduled monitor-
ing, reassessment should occur with any acute illness, introduction 
of nephrotoxic medications or P-gp/CYP3A4 inhibitors, evidence 
of volume depletion or hypotension, or development of bleeding or 
thrombotic complications.12 When CrCl declines below thresholds 
requiring dose adjustment or drug discontinuation, alternative anti-
coagulation strategies should be promptly implemented.25 Emerg-
ing evidence suggests that beyond creatinine-based estimations, 
cystatin C-based eGFR calculations may provide more accurate 
renal-function assessment in patients with extreme body mass or 
muscle wasting, although cystatin C is not routinely available in 
many clinical settings.54

Coagulation testing: When and what to measure
While DOACs do not require routine coagulation monitoring for 
dose titration (unlike warfarin’s INR monitoring requirement), 
specific clinical scenarios warrant measurement of the DOAC 
anticoagulant effect or drug level.47 These scenarios include life-
threatening bleeding requiring assessment of anticoagulant activ-
ity and consideration of reversal agents, urgent/emergent surgery 
where timing of procedure depends on anticoagulant washout, sus-
pected thrombosis despite anticoagulation therapy raising concern 
for underdosing or non-adherence, suspected overdose with bleed-
ing manifestations, pre-procedural assessment for high-bleeding 
risk procedures where the residual anticoagulant effect could be 
catastrophic, and extreme body weight or renal function where the 
effects of pharmacokinetics are unpredictable.55 For dabigatran, 
dilute thrombin time or ecarin clotting time provides quantitative 
assessment, while chromogenic anti-Xa assays calibrated to spe-
cific DOACs enable measurement of rivaroxaban, apixaban, and 
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edoxaban levels.56 Standard coagulation tests are insensitive and 
nonspecific for DOACs, although qualitative prolongation may 
suggest drug presence.57 The target therapeutic ranges for DOACs 
in AF have not been firmly established, but general guidance sug-
gests apixaban trough 50–250 µg/L, peak 100–300 µg/L; rivar-
oxaban trough 10–150 µg/L, peak 150–350 µg/L; and edoxaban 
trough 15–150 µg/L.58 Importantly, interpretation requires consid-
eration of timing relative to the last dose (trough vs. peak), renal-
function status, and clinical context.59 Recent advances include 
point-of-care urine qualitative testing (DOASENSE Dipstick), 
which demonstrates 99% concordance with quantitative plasma 
measurements and offers rapid assessment in emergency situa-
tions, although validation in ESRD populations remains limited.60

Management of bleeding complications and reversal strategies
Despite optimal DOAC selection and monitoring, bleeding com-
plications occur in 2–8% of patients with CKD annually, with the 
rates increasing proportionally with CKD severity.2 Management 
strategies should be risk-stratified based on bleeding severity: mi-
nor bleeding (epistaxis and superficial bruising) typically responds 
to temporary DOAC discontinuation and supportive care; moder-
ate bleeding (requiring transfusion but hemodynamically stable) 
necessitates DOAC cessation, investigation of bleeding source, 
and consideration of prothrombin complex concentrates; and ma-
jor or life-threatening bleeding requires immediate DOAC reversal 
with specific antidotes when available.12 Idarucizumab (for dabi-
gatran) and andexanet alfa (for factor Xa inhibitors) are targeted 
reversal agents, although their use in ESRD populations requires 
careful consideration of altered pharmacokinetics and limited ef-
ficacy data in this setting.55 In patients undergoing dialysis who 
experience major bleeding, emergent hemodialysis can effectively 
clear dabigatran (80% removed in a 4-hour session due to low pro-
tein binding) but provides minimal benefit for factor Xa inhibitors, 
given the high protein binding (87–95%).48 Prevention remains 
paramount: systematic bleeding risk assessment using validated 
scores (HAS-BLED), minimization of concomitant antiplatelet 
therapy, proactive management of modifiable bleeding risk factors 
(uncontrolled hypertension, anemia, and thrombocytopenia), and 
patient education regarding warning signs constitute essential ele-
ments of comprehensive care.61

Special considerations: Peritoneal dialysis and transplant 
recipients
While most of the existing ESRD anticoagulation evidence has 
been derived from hemodialysis populations, patients undergoing 
peritoneal dialysis are a distinct cohort with unique considera-
tions.62 The percentage of patients with ESRD initiating renal-re-
placement therapy with peritoneal dialysis nearly doubled between 
2009 (6.2%) and 2019 (11.5%), making it an increasingly relevant 
population.62 Limited pharmacokinetic data suggest that apixaban 
clearance via peritoneal dialysis is negligible, with the steady-
state drug levels comparable to those of patients with CKD stage 
5 who are not undergoing dialysis, supporting twice-daily dosing 
regimens.63 The currently ongoing Apixaban in Peritoneal Dialysis 
Patients (APIDP2) trial randomizes patients with AF who are un-
dergoing peritoneal dialysis to apixaban 2.5 mg twice daily versus 
dose-adjusted warfarin, with the primary endpoint of major or clin-
ically relevant non-major bleeding at 12 months.63 In recipients of 
kidney transplants, DOAC use appears feasible with stable graft 
function (eGFR > 30 mL/min), although drug interactions with 
calcineurin inhibitors (cyclosporine or tacrolimus) require con-
sideration; the results of pharmacokinetic studies demonstrate that 

cyclosporine increases the apixaban area under the curve by 20% 
through P-gp inhibition, although the clinical significance remains 
uncertain, and dose adjustments are not routinely recommended.64

Conclusions and future perspectives
Anticoagulation management in patients with concurrent AF and 
CKD, particularly those with an advanced disease stage or ESRD, 
is one of the most challenging clinical scenarios in contemporary 
cardiology and nephrology practice.1 The available evidence, 
synthesized in this comprehensive review, supports several key 
conclusions that should guide clinical decision-making. First, in 
CKD stages 1–3 (eGFR > 30 mL/min), DOACs demonstrate clear 
superiority over warfarin, with consistent reductions in stroke inci-
dence, major bleeding (particularly intracranial hemorrhage), and 
all-cause mortality, establishing their use as the preferred antico-
agulation strategy.38 Second, in CKD stage 4 (eGFR 15–29 mL/
min), dose-adjusted DOACs—particularly apixaban and rivar-
oxaban—appear safe and effective, offering practical advantages 
over warfarin, including predictable pharmacokinetics, absence of 
INR monitoring requirements, and potential nephroprotective ben-
efits.42 Third, emerging randomized evidence from ESRD popula-
tions (in the AXADIA-AFNET 8, RENAL-AF, and Valkyrie trials) 
suggests that DOACs perform comparably to warfarin for both 
safety and efficacy endpoints, supporting their use as reasonable 
alternatives in patients undergoing hemodialysis, although neither 
strategy eliminates the substantial residual risk inherent in this vul-
nerable population.19

Beyond the aforementioned evidence-based conclusions, sev-
eral critical practical principles have emerged. Individualized 
risk-benefit assessment remains paramount: not all patients with 
ESRD and AF require or benefit from anticoagulation, and shared 
decision-making incorporating patient values, bleeding risk pro-
file, comorbidities, and life expectancy should guide therapy.50 
When anticoagulation is pursued, rigorous monitoring is a non-
negotiable safety imperative: systematic renal-function assessment 
at intervals tailored to CKD stage, proactive evaluation for bleed-
ing complications, comprehensive medication review to identify 
and manage drug interactions, and regular reassessment of indica-
tion and appropriateness as clinical circumstances evolve.29 The 
choice among DOACs in advanced CKD should consider multiple 
factors beyond efficacy alone: apixaban offers the lowest renal-
elimination rate (27%) and has obtained FDA approval for dialysis 
populations; rivaroxaban has obtained robust evidence for nephro-
protection in CKD stage 4; edoxaban provides once-daily dosing 
convenience; and dabigatran generally should be avoided due to its 
high renal-elimination rate.25

Looking forward, several critical knowledge gaps require in-
vestigation through well-designed prospective studies. Large-scale 
randomized trials adequately powered to detect clinically mean-
ingful differences in ESRD populations are urgently needed be-
cause the existing trials are small and potentially underpowered 
for definitive conclusions.19 Head-to-head comparisons of DOACs 
in advanced CKD would inform optimal drug selection, which is 
currently extrapolated from indirect comparisons and observation-
al data.37 Investigating optimal DOAC dosing in ESRD through 
pharmacokinetic/pharmacodynamic studies could refine the cur-
rent empiric dose recommendations.59 Studies evaluating the role 
of DOAC drug level monitoring in guiding dose adjustments in 
advanced CKD may identify subpopulations benefiting from in-
dividualized therapeutic-drug monitoring.47 Finally, research into 
novel anticoagulant strategies, including factor XI inhibitors cur-
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rently in development, may offer improved benefit-risk profiles 
for this challenging population by targeting coagulation pathways 
with less bleeding liability.65

In conclusion, the landscape of anticoagulation for AF in CKD 
has evolved substantially over the past decade, with DOACs 
emerging as preferred agents across much of the CKD spectrum. 
While challenges persist—particularly in ESRD, where evidence 
remains limited—growing data support cautious, individualized 
DOAC use as a viable alternative to warfarin. The integration of 
mechanistic understanding, pharmacokinetic principles, emerging 
clinical-trial evidence, and rigorous monitoring protocols will pro-
vide a framework for optimizing anticoagulation in the aforemen-
tioned high-risk population, balancing stroke prevention against 
bleeding risk while potentially preserving residual renal function. 
As the global population ages and the prevalence of both AF and 
CKD continues to rise, refined evidence-based strategies for anti-
coagulation management in this complex population will become 
increasingly critical to improving patient outcomes and quality of 
life.61
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