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Abstract

Purpose of review: Direct oral anticoagulants (DOACs) are variably eliminated by the kidneys 

rendering their use potentially problematic in patients with chronic kidney disease (CKD) or 

necessitating appropriate dose adjustment.

Recent findings: Both observational and limited randomized trial data for DOACs compared 

with no treatment or with warfarin for patients with atrial fibrillation on maintenance dialysis were 

recently published. In a randomized trial in patients on hemodialysis, there was no significant 

difference in vascular calcification between patients who received rivaroxaban with or without 

vitamin K2 or vitamin K antagonists. A randomized trial of apixaban versus warfarin was 

terminated owing to poor enrollment and preliminary results identified no difference in clinical 

outcomes between groups. However, valuable pharmacodynamic data will be forthcoming from 

that trial. In observational research, among patients newly diagnosed with atrial fibrillation there 

were opposing trends in the associations of apixaban initiation versus no oral anticoagulation with 

ischemic versus hemorrhagic stroke and no association was present with the overall risk of stroke 

or embolism. In another study comparing apixaban with warfarin initiation, apixaban was 

associated with less bleeding. Regular dose apixaban (5 mg twice daily) associated with reduced 

rates of ischemic stroke or systemic embolism, whereas no such association was present for those 

prescribed the reduced dose (2.5 mg twice daily).

Summary: DOACs may be used after appropriate dose adjustment for an established clinical 

indication in patients with advanced CKD. Quality evidence for oral anticoagulation, with any 

specific agent or dose, for stroke prevention in hemodialysis continues to be lacking.
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1. Introduction

Direct oral anticoagulants (DOACs) were developed to simplify management of patients 

with venous thromboembolic disease (VTE) or atrial fibrillation (AF). These agents are 

particularly attractive because they offer predictable anticoagulant activity at fixed doses 

with less frequent drug-drug or food-drug interactions compared with the traditionally used 

vitamin K antagonists (VKAs), and no need for therapeutic drug monitoring. Several well-

conducted randomized controlled trials (RCTs) have established their superiority or non-

inferiority compared with VKAs for the prevention of thromboembolic events as well as 

their safety profile (major bleeding events) in the general population. However, all DOACs 

are eliminated by the kidneys at various degrees rendering their use potentially problematic 

in patients with chronic kidney disease (CKD) or necessitating appropriate dose adjustment. 

In this review article, we focus on the most recent data on DOACs in CKD and discuss their 

indications and dosing.

2. Estimation of kidney function and CKD definition

The Cockroft-Gault equation for creatinine clearance (CrCl) has been used to estimate 

kidney function in pharmacokinetic studies. This equation does not correct for body surface 

area and tends to underestimate kidney function in older individuals with low body weight. 

It remains unclear whether use of more precise equations for the estimated glomerular 

filtration rate (eGFR) would provide more accurate pharmacokinetic estimations.

While the gold standard to define kidney function is measurement of glomerular filtration 

rate using a variety time-dilution techniques, estimation of kidney function using a variety of 

equations based on standardized serum creatinine and demographic characteristics is more 

commonly used. While eGFR has been recommended and used to define the ‘G’-domain 

among stages of CKD [1], much of the pharmacologic literature uses CrCl owing to 

regulatory guidance. Clinically meaningful changes in drug levels may occur at a CrCl <50 

ml/min for most agents. For this review, we will define CKD as a CrCl < 60 ml/min and 

classify it as moderate if the CrCl is between 30 and 59 ml/min and advanced if the CrCl is 

< 30 ml/min. Patients on maintenance dialysis will be examined separately. It is important to 

note, however, that CrCl does not equal eGFR and that findings using one cannot be 

automatically transferred to a setting where the other estimation approach is being used.

3. Pharmacokinetic data

All DOACs are eliminated by the kidneys in various degrees. For dabigatran, a direct 

thrombin inhibitor, kidney clearance represents 80% of the total elimination. The three direct 

factor Xa inhibitors have lower excretion by the kidneys: edoxaban at 50% of the absorbed 

dose, rivaroxaban at 35%, and apixaban at 27% [2].

Based on pharmacokinetic data, dose adjustment has been proposed for all four agents in 

patients with various degrees of kidney function impairment. For apixaban, age ≥80 years 

and body weight ≤60 kg are also to be considered for dose adjustment per package insert. 

However, the guidelines or statements from different societies have yielded conflicting 

recommendations and are presented in Table 1 [3–7].
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Stanifer et al. recently published pharmacokinetic data from the Apixaban for Reduction in 

Stroke and Other Thromboembolic Events in Atrial Fibrillation (ARISTOTLE) trial in 

patients with a CrCl of 25–30 ml/min [8]. There were 12 patients with advanced CKD 

randomized to apixaban 5 mg twice daily and 19 patients randomized to apixaban 2.5 mg 

twice daily who had pharmacokinetic data assessed. The median area under the curve at 

steady state was only moderately higher in patients with advanced CKD who received the 5 

mg dose compared with patients with moderate CKD. Apixaban exposure was nearly 

identical for all patients who received the 2.5 mg dose across a CrCl range of 25 to >60 

ml/min [8].

Specific pharmacokinetic studies have been conducted in patients on maintenance 

hemodialysis. De Vries et al. administered 10 mg of rivaroxaban once daily for seven days 

on 18 patients on hemodialysis without residual kidney function [9]. They demonstrated that 

rivaroxaban at this dose resulted in a similar area under the curve compared with the 

standard 20 mg dose in healthy volunteers. Mavrakanas et al. administered apixaban in 

seven patients on hemodialysis for a total of eight days [10]. They showed that apixaban at 

the reduced dose of 2.5 mg twice daily resulted in drug exposure near the lower end of the 

range achieved with the standard those of 5 mg twice daily in patients without kidney 

function impairment, whereas 5 mg twice daily resulted in doses within the range in 3 

individuals. However, as 2 patients were well above the range seen in persons with normal 

kidney function, the authors suggested that the standard apixaban dose may lead to 

supratherapeutic levels in patients on maintenance dialysis and should be avoided. 

Hemodialysis per se did not affect rivaroxaban or apixaban levels [9–10].

The RENal hemodialysis patients ALlocated apixaban versus warfarin in Atrial Fibrillation 

trial (RENAL-AF) randomized patients on maintenance dialysis with AF to receive warfarin 

or apixaban 5 mg twice daily, unless a dose reduction to 2.5 mg twice daily was indicated 

per drug label. Detailed pharmacokinetic data were collected for ~50 patients on apixaban 

and detailed findins are expected to be published later in 2020. This will be the largest pool 

of patients with end-stage kidney disease (ESKD) on apixaban ever reported and will 

provide important information from detailed samples collected over a longer period of time. 

At least one other trial of similar design is currently underway (Compare Apixaban and 

Vitamin K Antagonists in Patients with Atrial Fibrillation and End-stage Kidney Disease, 

AXADIA, NCT09233697).

4. DOACs versus VKAs in patients with CKD

4.1 Patients with moderate CKD (CrCl 30–59 ml/min)

The large RCTs in VTE or AF enrolled patients with a CrCl as low as 30 ml/min (and a 

small number of patients with a CrCl of 25–30 ml/min for apixaban) [8,11–18]. These trials 

were summarized in two recent meta-analyses [19–20]. Since these agents have different 

pharmacokinetic profiles, degree of elimination by the kidneys, and pharmacodynamic 

properties, results are presented individually for each agent rather than lumping them 

together as a single DOAC group. All agents were of non-inferior or superior efficacy to 

VKAs with respect to an outcome of stroke or embolism. A non-inferior or lower incidence 

of hemorrhagic stroke was observed with DOACs compared with VKAs. Based on these 
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data, all four DOACs can be used in moderate CKD at their respective recommended dose 

(Table 2).

4.2 Patients with advanced CKD (CrCl <30 ml/min)

Randomized data have been reported for stroke or systemic embolism in patients with AF 

who had advanced CKD [8]. A lower incidence of major bleeding and a similar incidence of 

stroke or systemic embolism was observed in patients who received apixaban compared with 

patients treated with warfarin. Similarly, several observational cohort studies examined the 

efficacy and safety of anticoagulation in CKD but they either included a very small number 

of patients on DOACs or very few patients had advanced CKD and the results were not 

separately reported for this subgroup [21–24]. We present in this section the cohort studies 

that have reported outcomes with DOACs in advanced CKD.

The first of these studies enrolled patients >65 years old from England with newly diagnosed 

AF and had an eGFR<50 ml/min/1.73m2 comparing 2424 patients on anticoagulants (641 on 

DOACs) with 2424 propensity score-matched patients not receiving any anticoagulation 

[25]. In this cohort, approximately 16% had advanced CKD and anticoagulation was 

associated with higher incidence of ischemic stroke and of gastrointestinal or cerebral 

hemorrhage but a paradoxically lower incidence of all-cause mortality, compared with no 

anticoagulation, that could be due to selection bias.

Coleman et al. used the United States MarketScan database to compare 1896 rivaroxaban 

users with 4848 warfarin users with new or prevalent AF and stage 4 or 5 CKD (including 

patients on renal replacement therapy) using inverse probability treatment weighting [26]. 

Approximately 40% of rivaroxaban users received a renally-adapted dose of <20 mg per day. 

There was no difference in stroke or systemic embolism between the two groups, but 

rivaroxaban was associated with lower incidence of bleeding-related hospitalizations, 

compared with warfarin. A study of similar design was conducted by Weir et al. [27]. They 

used the Optum Health medical record to compare 781 rivaroxaban-treated patients with 

1536 propensity score-matched warfarin-treated patients with AF and stage 4 or 5 CKD. 

There was no significant difference in the incidence of ischemic stroke or systemic 

embolism (hazard ratio [HR] 0.93, 95% confidence interval [CI] 0.46–1.90) or in major 

bleeding (HR 0.91, 95% CI 0.65–1.28) between the two groups.

Two additional cohort studies included patients who received anticoagulation for various 

indications. A sizeable proportion of patients had moderate or advanced CKD. Ashley et al. 

used the Ontario Provincial Database to compare 27,552 new DOAC users with matched 

new warfarin users [28]. There was a lower incidence in cardiovascular events or mortality 

and in bleeding requiring hospitalization with DOACs compared with VKAs. The magnitude 

of the association of DOACs with cardiovascular events or mortality was greatest at an 

eGFR<30 ml/min/1.73m2. Edgett et al. used the OptumLabs Data Warehouse in the United 

States to compare 4,587 DOAC or warfarin users with stage 5 CKD or ESRD [29]. DOAC 

use was associated with a significantly lower incidence of ischemic stroke compared with 

warfarin.
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Yao et al. used an administrative database to examine the effectiveness and safety of three 

DOACs, rivaroxaban, apixaban, and dabigatran, compared with warfarin for stroke 

prevention in patients with AF across an eGFR range of 15 to ≥90 ml/min/1.73m2 [30]. All 

three DOACs were of at least similar effectiveness and safety compared with warfarin. No 

significant interaction was detected between treatment group and CKD stage for any 

outcome. In the subgroup of patients with advanced CKD, the incidence of stroke or major 

bleeding was not different between rivaroxaban or apixaban-treated patients, compared with 

patients who received warfarin [30].

From the available observational studies, the following conclusions can be drawn: i) there 

are no high-quality data for DOACs in patients with advanced CKD; ii) no major safety 

signal has been detected with DOACs compared with warfarin; iii) appropriate dose 

reduction is not universally applied in patients with advanced CKD; iv) data on whether 

DOACs (or warfarin) reduce the incidence of stroke compared with no treatment in patients 

with advanced CKD is inconclusive.

4.3 Risk of acute kidney injury or progression of CKD with DOACs versus VKAs

Cases of unexplained acute kidney injury (AKI) with macroscopic hematuria in patients on 

warfarin with supratherapeutic international normalized ratio levels led to the description of 

warfarin-related nephropathy. Biopsy findings of these cases identified the red cell casts in 

numerous renal tubules but unremarkable glomeruli [31]. It was hypothesized that 

supratherapeutic anticoagulation was unmasking an underlying glomerular disorder or was 

leading to hematuria and tubular damage in patients with substantially reduced number of 

nephrons rendering them vulnerable to hemorrhage. The term evolved into anticoagulant-

related nephropathy (ARN) to include cases of AKI in patients on DOACs. Prognosis of 

ARN is not uniform with some of the patients developing CKD of variable severity after one 

or multiple ARN episodes.

Five retrospective cohort studies tried to estimate incidence of AKI and/or CKD progression 

in patients with or without underlying CKD who were receiving DOACs or warfarin for AF 

[32–36]. Rivaroxaban or dabigatran, but not apixaban, were superior to warfarin for both 

clinical outcomes in the studied populations. It has been hypothesized that warfarin use is 

more frequently associated with time periods of supratherapeutic anticoagulation, essential 

to induce ARN, compared with the DOACs that have a more predictable pharmacodynamic 

profile. Similarly, progression to CKD may be due to multiple unresolving or partially 

resolving ARN episodes in the same patient that more commonly occur with warfarin than 

DOACs. If these hypotheses are correct, failure of apixaban to show better renal outcomes 

than warfarin may be caused by supratherapeutic anticoagulation with this agent due to lack 

of dose adjustment: indeed, according to current dosing recommendations, apixaban is 

prescribed at the standard dose regardless of kidney function unless the patient also has a 

low body weight (<60 kg) or is older than 80 years. This is not the case of rivaroxaban or 

edoxaban: for these two agents, dose reduction is recommended when the CrCl drops below 

50 ml/min.

In summary, the magnitude of protection seen in the available analyses was small and 

additional prospective data, in particular from randomized trials, are needed before any 

Mavrakanas et al. Page 5

Curr Opin Nephrol Hypertens. Author manuscript; available in PMC 2021 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



recommendations for the selection of DOACs versus VKAs for the point of protective 

benefit for kidney function can be made.

5 VKAs and DOACs in patients with ESKD

Although VTE is more common in patients with ESRD than the general population, there 

are no data with VKAs or DOACs for this indication [37]. Therefore, for patients on 

maintenance dialysis, we will focus on available data for stroke prevention in AF [38].

5.1 VKAs or DOACs versus no anticoagulation in ESKD

5.1.1 Warfarin versus no anticoagulation—Anticoagulation in AF is a preventive 

strategy against stroke or embolism in patients who are considered to be at high risk for this 

complication. Benefit from anticoagulation compared with antiplatelet therapy or no 

treatment has been established in the general population. Multiple retrospective analyses and 

systematic reviews of those analyses have analyzed outcomes of warfarin compared to no 

anticoagulation among ESKD with AF. These studies were recently reviewed [38–39]. There 

was no significant benefit from VKAs versus no anticoagulation with respect to ischemic 

stroke. Moreover, a significantly higher incidence of major bleeding was seen with VKAs 

compared with no treatment. Although these studies have engendered concerns about 

whether there is a net benefit to anticoagulation for AF in the setting of ESKD, 

inconsistency in study design and quality preclude making firm conclusions. A randomized 

trial is underway and will compare the traditionally used VKAs with no anticoagulation in 

ESKD (NCT02886962).

5.1.2 DOACs versus no anticoagulation—Almost no studies have been conducted 

examining the question of DOAC effectiveness compared to a strategy not using oral 

anticoagulation. While a single observational study of apixaban has recently been published, 

there are no studies comparing rivaroxaban, dabigatran, or edoxaban to no anticoagulation in 

ESKD patients.

In a cohort study of patients with newly diagnosed AF and ESKD in the USRDS [40], 

Mavrakanas et al. compared 521 patients initiating apixaban with 1561 propensity-matched 

patients who did not initiate anticoagulation. Apixaban was not associated with the 

incidence of any stroke (ischemic or hemorrhagic) in this population compared with no 

treatment, although precision of the estimated association was low. Similar to findings with 

oral anticoagulation using VKA, apixaban was associated with higher incidence of fatal or 

intracranial bleeding compared with no anticoagulation [40].

5.2 VKAs versus DOACs in ESKD

5.2.1 Rivaroxaban and dabigatran—The first study to assess the safety of 

rivaroxaban and dabigatran in patients on hemodialysis was a cohort study of 281 

dabigatran-treated and 244 rivaroxaban-treated patients who were compared with 8064 

patients started on warfarin. Both rivaroxaban and dabigatran were independently associated 

with significantly higher risks of hospitalization and death from bleeding compared with 

warfarin [41]. Both doses of dabigatran and the standard rivaroxaban dose were associated 
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with more bleeding events compared with warfarin. On the contrary, similar rates of 

bleeding events were observed with the reduced rivaroxaban dose (15 mg daily) or with 

warfarin. Furthermore, none of the patients in this cohort received the reduced dose of 10 mg 

of rivaroxaban that has been proposed for patients on maintenance hemodialysis [9]. 

Therefore, the increased incidence of bleeding with DOACs in this cohort could possibly be 

due to supratherapeutic anticoagulation in the absence of appropriate dose adjustment or a 

warfarin comparison group that spent most of their time in the subtherapeutic range [42].

The Valkyrie study was the first RCT using rivaroxaban 10 mg once daily with or without 

menaquinone-7, a form of vitamin K2, against VKAs in 132 patients on chronic 

hemodialysis with AF [43]. The trial was designed to examine the effect of vitamin K 

deficiency on vascular calcification as assessed by calcium scores on heart computed 

tomography and pulse wave velocity. There was no significant difference in calcification at 

18 months between the three groups. Although the study was not powered for clinical 

outcomes, the total number of life-threatening or major bleeding events was lower with 

rivaroxaban compared with VKAs. The authors suggested that rivaroxaban at 10 mg daily 

might be safely used in patients on maintenance hemodialysis. They also hypothesized that 

vascular calcifications may have already progressed beyond a point of no return in this 

prevalent dialysis cohort with most patients already on VKAs upon inclusion. In this case, 

use of DOACs at earlier stages of CKD instead of warfarin could potentially have a 

beneficial effect on vascular calcification. This hypothesis, that has never been studied, 

merits further investigation.

Miao et al. used the MarketScan database to retrospectively compare 787 rivaroxaban with 

1836 apixaban users with AF and ESRD, using inverse probability weighting to adjust for 

differences at baseline [44]. Only 29% of patients received a reduced DOAC dose. There 

was no significant difference between the two studied agents for all clinical outcomes 

(stroke or embolism, ischemic stroke, or major bleeding).

5.2.2 Apixaban versus warfarin—Apixaban, the DOAC least excreted by the kidneys, 

became increasingly popular in the United States since 2014 and has been prescribed at 

either the full or the reduced dose. Siontis et al. used the United States Renal Data System 

(USRDS) to compare effectiveness and safety of apixaban to warfarin in this population 

[45]. There was no difference in the incidence of ischemic stroke or embolism between the 

two groups. However, when examining this association by dosing group (5 mg vs. 2.5 mg) 

the standard dose was associated with significantly lower rates of stroke compared with 

warfarin, whereas the reduced dose was not significantly different. In addition, apixaban was 

superior to warfarin with respect to major bleeding regardless of dose.

The RENAL-AF trial randomized patients on maintenance dialysis with AF to receive 

warfarin or standard dose apixaban (5 mg twice daily), unless a criterion for dose reduction 

was present, and was designed as a non-inferiority safety trial for clinically significant 

bleeding [46]. The study was initially planned to recruit 760 patients but had to terminate 

enrollment at 154 patients due to slower than anticipated enrollment. A total of 71% of 

patients received the standard apixaban dose. In an exploratory analysis, there were no 
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significant differences in the incidences of stroke or major bleeding between the apixaban 

and warfarin groups.

6 Conclusions

Based on the data discussed above, the following suggestions could be made. All four 

DOACs can be used in moderate CKD at the recommended dose. DOACs may be used after 

appropriate dose adjustment for an established clinical indication in patients with advanced 

CKD. Suggested doses based on current evidence are proposed in Figure 1. Prescription of a 

DOAC (or VKA) for stroke prevention in ESKD is currently not an evidence based practice 

and hampered by near absence of quality data regarding the net harms and benefits. If oral 

anticoagulation is being considered, choice and dosing should be individualized taking into 

account the patient’s risk profile and/or preferences. While rivaroxaban at 10 mg daily and 

apixaban at 2.5 mg twice daily seem to present acceptable safety profiles compared with 

warfarin, they may not achieve the level of anticoagulation needed for the objective of such 

treatment, prevention of stroke and other thromboembolic events and whether higher doses 

(e.g. 5 mg twice daily of apixaban) are likely to be optimal remains uncertain. Appropriate 

dose reduction for DOACs is commonly overlooked in CKD-ESRD and should deliberately 

be considered at the time of DOAC initiation in these patients.
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Key points

• All four DOACs can be used in moderate CKD at the recommended dose.

• DOACs may be used after appropriate dose adjustment for an established 

clinical indication in patients with advanced CKD.

• Prescription of a DOAC (or VKA) for stroke prevention in ESRD is not based 

on solid evidence and, if considered, should be individualized taking into 

account the patient’s risk profile and/or preferences and the limited evidence.
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Figure 1. 
Suggested doses for direct oral anticoagulants in patients with chronic kidney disease

Green arrow: the agent can be used; yellow arrow: use with caution; red arrow: use in 

selected cases only after careful assessment of risk profile and potential benefits.

Suggested doses are for atrial fibrillation or venous thromboembolism after the high 

intensity time period (21 days for rivaroxaban, 7 days for apixaban, 5 days for edoxaban and 

dabigatran).

Qd, once daily; bid, twice daily; CrCl, creatinine clearance

*, 2.5 mg bid if two of the three criteria are met: creatinine ≥1.5 mg/dl, body weight ≤60 kg, 

age ≥80

¶, 30 mg qd if body weight ≤60 kg or use of potent P-gp inhibitor

#, especially in patients at high risk of bleeding

†, consider 15 mg qd if body weight ≤60 kg and/or use of potent P-gp inhibitor

Adapted from Steffel et al, Eur Heart J 2018; 39:1351.4
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