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Introduction
The nonvitamin K antagonist oral anticoagulants 
[NOACs, also referred to as direct oral anticoagu-
lants (DOACs)], dabigatran, apixaban, edoxaban 
and rivaroxaban have emerged as effective alterna-
tives to warfarin. Their improved pharmacologic 
properties allow for fixed dosing with a rapid onset of 
action and fewer drug interactions. They also elimi-
nate the need for regular coagulation monitoring.

Clinical trial data and guideline recommenda-
tions, in addition to the pharmacological 
advances, have positioned the NOACs as 
favourable options in their approved indica-
tions.1–5 The approved indications vary 

depending on NOAC and country 
(Supplemental Table S1), but currently span 
the prevention of stroke and systemic embolism 
(SSE) in patients with atrial fibrillation (AF), 
the prevention of venous thromboembolic 
events (VTEs) in patients who have undergone 
elective hip or knee-replacement surgery, the 
treatment of VTE and prevention of recurrent 
deep vein thrombosis (DVT) and pulmonary 
embolism (PE), and in some jurisdictions out-
side of Canada, the prevention of atherothrom-
botic events following an acute coronary 
syndrome.6–10 Although the NOACs overcome 
several limitations of warfarin, warfarin remains 
the preferred oral anticoagulant in patients with 
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mechanical prosthetic valves, rheumatic mitral 
stenosis or patients with an estimated glomeru-
lar filtration rate between 15 and 30  
ml/min/1.73 m2.1

The efficacy and safety of the NOACs in patients 
with renal impairment is of particular importance, 
given the high prevalence of renal impairment. AF 
occurs two to three times more often in patients 
with chronic kidney disease (CKD) compared 
with those with normal renal function,11 and these 
patients have a greater risk of thromboembolic 
events and bleeding.12–14 The prevalence of VTE 
in patients with CKD is not well characterized, 
although recent trials have shown patients with 
CKD are at an increased risk for VTE.15–17 In 
addition, in patients with VTE, impaired renal 
function is associated with an increased risk of PE 
and bleeding.18

The elimination process differs between the 
NOACs and involves varying contributions from 
renal, fecal, biliary and hepatic routes. All of the 
NOACs are, to some extent, excreted by the kid-
ney. Due to the dependence on renal clearance, 
the elimination of the NOACs is reduced in 
patients with impaired renal function, potentially 
impacting efficacy and increasing bleeding risk.6–

9 This paper reviews the pharmacokinetic/phar-
macodynamic and clinical trial data for the 
NOACs in patients with renal impairment within 
the main phase III AF and VTE trials, and pro-
vides an overview of the regulatory recommenda-
tions and clinical considerations for the NOACs 
in patients with varying renal function.

Pharmacokinetic/pharmacodynamic 
properties
The pharmacokinetic/pharmacodynamic proper-
ties for the direct thrombin inhibitor, dabigatran, 
and the Factor Xa inhibitors, apixaban, edoxaban 
and rivaroxaban are outlined in Table 1. The 
NOACs have predictable pharmacologic profiles, 
with shorter half-lives and a rapid onset of action 
compared with warfarin.6–9,19 However, differ-
ences between the pharmacologic profiles of the 
NOACs exist, and are discussed below.

The NOACs are at least partially eliminated by 
the kidneys. Dabigatran and edoxaban have the 
greatest dependence on renal elimination (85% 
and 50%, respectively),8,9 whereas ~27% and 
~33% of apixaban and rivaroxaban, respectively, 
are renally cleared as unchanged drug (Table 
1).6,7 Consequently, altered renal elimination of 
the NOACs impacts drug exposure. Increased 
drug exposure is observed with declining renal 
function, with dabigatran being impacted to the 
greatest extent (Figure 1).

Impact of renal function on nonvitamin K 
antagonist oral anticoagulant dosing
The NOACs were investigated at various doses in 
phase III clinical trials, which has led to approved 
dose recommendations in major jurisdictions 
(Supplemental Tables S2 and S3). Phase III clin-
ical trials for apixaban and edoxaban in patients 
with AF included renal function, among other 
factors in their dosing criteria; rivaroxaban is the 
only NOAC that prospectively studied a reduced 

Table 1. Pharmacokinetic/pharmacodynamic properties of the NOACs.

Characteristic Dabigatran4,8 Apixaban5,6 Edoxaban2,9 Rivaroxaban3,7

Target Factor IIa Factor Xa Factor Xa Factor Xa

Prodrug Yes No No No

Dosing BID BID OD OD

Bioavailability, % 6.5 50 62 80–100*

Half-life, hours 12–14 8–15 9–11 5–13

Renal clearance (unchanged 
bioavailable drug)

85% ~27% 50% ~33%

Cmax, hours 1–2 3–4 1–2 2–4

Drug interactions P-gp inhibitors Strong inhibitors
of CYP3A4 and P-gp

P-gp inhibitors Strong inhibitors
of CYP3A4 and P-gp

* When the 15 mg and 20 mg doses are taken with food. BID, twice daily; Cmax, maximum concentration; OD, once daily; P-gp, P-glycoprotein.
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dose based solely on renal function.2,3,5 Dose 
reductions based on renal function were not stud-
ied in phase III trials for dabigatran in patients 
with AF. See Figures 2–5 for Health Canada dos-
ing algorithms for dabigatran, apixaban, edoxa-
ban and rivaroxaban according to renal function.

For the treatment of acute VTE, dose adjust-
ments were not necessary for patients with renal 

impairment receiving dabigatran, apixaban or 
rivaroxaban, and therefore, dose reductions were 
not included in the design of the phase III clinical 
trials (Figure 6).20–24 For rivaroxaban, this deci-
sion was based on dose-finding studies, which 
suggested that doses up to 40 mg/day did not 
appear to increase the risk of bleeding.25–27 
Edoxaban was the only NOAC studied at a 
reduced dose for patients with renal impairment 
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Figure 1. Area under the curve (AUC) accumulation with declining renal function. Plasma concentrations 
for the nonvitamin K antagonist oral anticoagulant, reported as AUC, for patients with renal impairment as 
compared with patients with normal renal function (⩾80 ml/min).6–9

AUC, area under the curve; CrCl, creatinine clearance.
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ml/mint

,

ml/min ml/min

–

Figure 2. Health Canada dosing algorithm for dabigatran according to renal function.8

BID, twice daily; CrCl, creatinine clearance.
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Figure 3. Health Canada dosing algorithm for apixaban according to renal function.6

*In patients with estimated creatinine clearance (eCrCl) 15–24 ml/min, no dosing recommendation can be made, as clinical 
data are very limited.

Figure 4. Health Canada dosing algorithm for edoxaban according to renal function.9

*Except amiodarone and verapamil.
CrCl, creatinine clearance; OD, once daily; P-gp, P-glycoprotein.

in the phase III trials for the VTE treatment indi-
cation and dose reductions are recommended for 
patients with creatinine clearance (CrCl) between 
30 and 50 ml/min.9,28 As per the clinical trial 
designs, dabigatran and edoxaban require at least 
a 5-day lead-in with low-molecular weight or 
unfractionated heparin (median duration: 9 days 
in RECOVER; 7 days in HOKUSAI). This is 
reflected in the approved dosing regimens for 
dabigatran and edoxaban (Figure 6).

Nonvitamin K antagonist oral anticoagulant 
in patients with impaired renal function: 
what we’ve learned from clinical trials

Atrial fibrillation
The efficacy and safety of the NOACs in patients 
with AF and moderate renal impairment were 
investigated in secondary analyses of the pivotal 
trials.29–32 An overview of the baseline characteris-
tics for patients with moderate renal impairment 
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Figure 5. Health Canada dosing algorithm for rivaroxaban according to renal function.7

CrCl, creatinine clearance; OD, once daily.

$

5–10
days

5–10
days

Figure 6. Health Canada dosing regimens for the treatment of venous thromboembolic events and prevention 
of deep vein thrombosis and pulmonary embolism. Depicted are the Health Canada approved dosing regimens 
for (A) dabigatran, (B) apixaban, (C) edoxaban and (D) rivaroxaban.6–9 *Dabigatran 110 mg twice a day (BID) 
should be considered for patients ⩾ 80 years, or those at higher risk of bleeding (⩾75 years with ⩾1 risk factor 
for bleeding). $Edoxaban 30 mg once a day (OD) is recommended for moderate renal impairment (creatinine 
clearance 30–50 ml/min), weight ⩽ 60 kg, or concomitant use of P-glycoprotein inhibitors (except amiodarone 
and verapamil).
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is shown in Table 2. Patients with impaired renal 
function in the RE-LY and ARISTOTLE trials 
were primarily composed of moderate-risk popu-
lations (mean CHADS2 score of 2.6 in 
ARISTOTLE), while patients in the ENGAGE 
AF trial were moderate-to-high risk (mean 
CHADS2 score of 3.1) and patients in the 
ROCKET AF trial were generally older and at 
higher risk of stroke (mean CHADS2 score of 3.7) 
(Figure 7). Of patients with moderate renal 
impairment, 50%, 22%, 100% and 100% received 
the lower dose of dabigatran, apixaban, edoxaban 
and rivaroxaban, respectively. Although only a 
few patients with severe renal impairment (CrCl 
<30 ml/min) were enrolled in the phase III trials 
(e.g. only 136 patients of the 18,201 patients in 

the ARISTOTLE trial had severe renal impair-
ment and received apixaban), jurisdictions out-
side of Canada allow the use of NOACs in 
patients with a CrCl as low as 15 ml/min. 
However, the Canadian Cardiovascular Society 
(CCS) guidelines for the management of AF do 
not recommend the use of NOACs in this vulner-
able patient population, as the evidence for 
patients with CrCl <30 ml/min comes from phar-
macokinetic studies in a limited number of 
patients.1,33

Differences in trial design and populations make 
indirect comparisons of the efficacy and safety of 
the NOACs inappropriate, however, across all 
treatment arms, stroke rates increased with 

Table 2. Clinical trial characteristics for patients with atrial fibrillation and moderate renal impairment.

Trial Dabigatran4,30 Apixaban5,31 Edoxaban2,9,32 Rivaroxaban3,29

RE-LY ARISTOTLE ENGAGE AF ROCKET AF

Trial Design Open label, 
blind to 
dabigatran dose

Double blind Double blind Double blind

Length of trial, 
years

2.0 1.8 2.8 1.9

Renal dose 
considerations

None; patients 
randomized 
to dabigatran 
dose

50% dose reduction 
(2.5 mg BID) if 2/3 
criteria met: age ⩾ 80
weight ⩽ 60 kg
creatinine ⩾ 133 
μmol/l (1.5 mg/dl)

50% dose 
reduction (30 mg 
OD) if CrCl 30–49 
ml/min

25% dose reduction 
(15 mg OD) if CrCl 
30–49 ml/min

Number of patients 
in phase III clinical 
trial

18,113 18,201 21,105 14,264

Number of patients 
with CrCl <50 ml/
min

3374 3017 2740* 2950$

 Riva$‡ Warfarin$‡

Age, years 75.2 77.6 79* 79 79

CHADS2 score, 
mean

Not reported 2.6 3.1* 3.7 3.7

Heart failure, % 32.6 32.7 55* 66.0 65.3

Hypertension, % 85.6 84.9 92* 91.7 92.1

Diabetes, % 29.1 21.1 28* 31.8 33.3

Previous stroke or 
TIA, %

20.1 25.1 30* 50.1 49.1

*Baseline characteristics reported for patients with moderate renal impairment receiving high dose edoxaban (60 
mg daily or dose reduced to 30 mg daily) or warfarin; $CrCl <30–49 ml/min; ‡Baseline characteristics reported for 
rivaroxaban 15 mg and warfarin arms individually. AF, atrial fibrillation; BID, twice daily; CHADS2, score for estimating 
risk of stroke; CrCl, creatinine clearance; OD, once daily; TIA, transischemic attack.
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declining renal function (Supplemental Table 
S4).29–32,34 Figure 8 shows the risk of SSE (pri-
mary efficacy endpoint, intention-to-treat analy-
sis [ITT]) in patients with moderate renal 
impairment. Renal impairment had no significant 
effect on the risk of SSE (p value for interaction 
was nonsignificant), suggesting the NOACs, at 
the doses tested, performed just as well as dose-
adjusted warfarin in patients with moderate renal 
impairment,29–32 consistent with overall trial 
results.2–5

In comparison with warfarin, the pattern of major 
bleeding with dabigatran, edoxaban, or rivaroxa-
ban was similar in patients with normal renal 
function and those with renal dysfunction (Figure 
9).29,30,32,35 An interaction was observed for major 
bleeding with apixaban (interaction p value = 
0.030); where patients with moderate renal 
impairment had a nominally significant greater 

reduction in major bleeding [hazard ration (HR): 
0.53; 95% confidence interval (CI): 0.39–0.71], 
as compared with differences between apixaban 
and warfarin in patients with normal renal func-
tion (HR: 0.79; 95% CI: 0.61–1.04) and mild 
renal impairment (HR: 0.76; 95% CI: 0.62–
0.94).6 It is not known whether the observed ben-
efit with apixaban is related to the molecule, to 
chance, other confounders, or possibly to a 
higher-than-expected bleeding rate with warfarin 
in the moderate renal subgroup of this trial 
(Figure 10B).

There are limited clinical data on the use of the 
NOACs in patients with AF on dialysis, as these 
patients were not included in the phase III clini-
cal trials. Thus, the use of the NOACs in patients 
on dialysis are not recommended. Recently, 
pharmacokinetic studies have shown that apixa-
ban 5 mg BID and rivaroxaban 10 mg OD results 

Figure 7. Breakdown of CHADS2 scores in nonvitamin K antagonist oral anticoagulant pivotal trials and 
renal subanalyses. The breakdown of patients according to CHADS2 score in ARISTOTLE, RE-LY, ENGAGE 
AF and ROCKET AF are depicted according to (a) overall trial population2–5 and (b) patients with moderate 
renal impairment (30–49 ml/min).29–32 *Mean CHADS2 score not reported for dabigatran according to renal 
function.
AF, atrial fibrillation; CHADS2, score for estimating risk of stroke.
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in similar drug exposure in patients on dialysis 
when compared with healthy controls.36,37 A 
pharmacokinetic study investigating a single 
dose of rivaroxaban 15 mg OD in patients on 
chronic dialysis found changes in pharmacoki-
netic and pharmacodynamic parameters to be 
comparable with changes observed in patients 
with moderate-to-severe renal impairment who 
were not undergoing dialysis.38 Additionally, a 
single 15 mg dose of edoxaban in patients with 
end-stage renal disease receiving dialysis was 
found to be well tolerated.39 Dialysis only slightly 
decreased the total edoxaban exposure when 
compared with the same patients off dialysis, 
suggesting an additional dose of edoxaban after 
dialysis may not be required.39 These results are 
encouraging and support future clinical trials 
investigating the efficacy and safety of apixaban, 
edoxaban and rivaroxaban in patients on dialy-
sis. To our knowledge, similar pharmacokinetic 
studies have not been performed for dabigatran. 

It should be emphasized that there are no clini-
cal data for the NOACs in patients on dialysis 
and the use of NOACs in this population is not 
recommended.1

Venous thromboembolic events
Efficacy, as measured by the risk of VTE recur-
rence in patients with renal impairment is shown 
in Figure 11. Overall, the NOACs showed similar 
efficacy as compared with warfarin for the pre-
vention of VTE recurrence regardless of kidney 
function.40

The risk of major bleeding for dabigatran, apixa-
ban and rivaroxaban in patients with varying renal 
function is shown in Figure 12 (data for edoxaban 
were not reported).40 Compared with warfarin, all 
three drugs led to less major bleeding in the over-
all population, as well as in the subgroups of renal 
function.

Risk ratio p interaction

Favours warfarin

>50–≤80

50–<80

50–<80

>50–80

30–50

30–49

n(NOAC/VKA)

Figure 8. Stroke and systemic embolism in atrial fibrillation patients by renal function. Risk of stroke and 
systemic embolism for the nonvitamin K antagonist oral anticoagulant (dabigatran,30 apixaban,6,31 edoxaban,35 
and rivaroxaban29) versus warfarin according to renal function subgroups and overall trial populations.  
Data are reported for the intention-to-treat populations. Mean CHADS2 scores are reported for the respective 
nonvitamin K antagonist oral anticoagulant arm from the phase III pivotal trials.
AF, atrial fibrillation; CHADS2, score for estimating risk of stroke; NOAC, nonvitamin K antagonist oral anticoagulant; VKA, 
vitamin K antagonist.
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Clinical considerations
Clinical trial results have demonstrated the efficacy 
and safety of NOACs in patients with renal impair-
ment and their approved labels provide guidance on 
dosing. The Health Canada dosing recommenda-
tions for dabigatran, apixaban, edoxaban and rivar-
oxaban in patients with AF and renal impairment 
are shown in Figures 2–5. The CCS guidelines for 
the management of AF recommend NOACs not be 
used when CrCl is <30 ml/min.1 Due to the depend-
ence of dabigatran on renal clearance, the CCS 
guidelines suggest apixaban or rivaroxaban may be 
preferred for patients with moderate renal impair-
ment.1 For the treatment of VTE and prevention of 
recurrent DVT and PE, dose adjustments in patients 
with moderate renal impairment are not required for 
dabigatran, apixaban or rivaroxaban. Dosing should 
follow the approved regimens (Figure 6).

The dose recommendations from Health Canada 
are similar to the FDA for patients with renal 

impairment, however the FDA has extrapolated 
data from the clinical trials and approved a low 
dose of dabigatran (75 mg BID), apixaban (5.0 
mg BID or 2.5 mg BID) and rivaroxaban (15 mg 
OD) for patients with AF and a CrCl of 15–30 
ml/min.41–43 The low dose of dabigatran was not 
tested in phase III clinical trials and was approved 
based on pharmacokinetic modeling, comparing 
pharmacokinetic data from RE-LY with data 
from a small study of subjects with compromised 
renal function.44 Health Canada and the US Food 
and Drug Administration (FDA) have made simi-
lar dosing recommendations for apixaban, edoxa-
ban and rivaroxaban in the treatment of VTE 
(Figure 6 and Supplemental Table S3). No dabi-
gatran dose reductions are recommended by the 
FDA for this indication.

Another notable difference between the Health 
Canada and FDA recommendations is seen  
with edoxaban. Edoxaban was given a black box 

Risk ratio p interaction

50–80

30–49

50–80

30–49

>50–≤80

>30–≤50

>30–95

>50–80

30–50

50–80

30–49

Favours warfarin

n(NOAC/VKA)

Figure 9. Major bleeding in atrial fibrillation patients by renal function. Risk of major bleeding for the 
nonvitamin K antagonist oral anticoagulants (dabigatran,8 apixaban,6 edoxaban35 and rivaroxaban7) versus 
warfarin according to renal function subgroups and overall trial populations. Data are reported for the safety 
populations on treatment, except for dabigatran which only reported data for the randomized set. Mean 
CHADS2 scores are reported for the respective nonvitamin K antagonist oral anticoagulant arm from the phase 
III pivotal trials.
AF, atrial fibrillation; CHADS2, score for estimating risk of stroke; NOAC, nonvitamin K antagonist oral anticoagulant; VKA, 
vitamin K antagonist.
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warning by the FDA for reduced efficacy in AF 
patients with CrCl >95 ml/min and the FDA 
recommended the use of a different anticoagu-
lant in this population.35 This black box warning 
was not included in the Health Canada label for 
edoxaban. This recommendation by the FDA 
was based on the fact these patients had higher 
rates of ischemic stroke (Supplemental Table 
S4) owing to the 40% reduction in edoxaban 
blood levels in patients with normal renal func-
tion compared with patients with a CrCl between 
50 and 80 ml/min.34,35 Similar trends were seen 
across the other Factor Xa inhibitors; that is, 
relative to warfarin, rates of SSE are numerically 
higher in patients with normal renal function 
compared with patients with impaired renal 
function treated with apixaban (HR: 1.35 versus 
0.87) and rivaroxaban (HR: 1.07 versus 0.82) 
(Supplemental Table S4).34 These data high-
light the importance of adhering to approved 
dosing regimens in order to obtain the efficacy 
benefits seen in the phase III randomized con-
trolled trials.

Emerging real-world evidence and global pre-
scription data suggest patients with AF are not 
being dosed appropriately.45,46 An analysis of the 
SPRINT AF registry assessed the prevalence of 
Canadian patients eligible for the reduced dose 
of apixaban or rivaroxaban. This analysis sug-
gested that more patients are being prescribed a 
reduced dose of the Factor Xa inhibitors than 
those who met eligibility criteria as defined in 
the phase III clinical trials.45 It is possible these 
results reflect dosing decisions based on other 
clinical considerations, where patients with a 
higher comorbid burden, who are more likely to 
have worse outcomes, may be receiving the lower 
dose even if they do not meet the recommended 
dosing criteria. Recent real-world evidence 
reported on outcomes in patients receiving lower 
doses of the NOACs without a ‘renal indication’ 
for dose reduction.47 The reasons why the lower 
NOAC dose was prescribed are not known. The 
low dose of apixaban was associated with a 4.87-
times higher risk of stroke compared with the 
higher dose.47 There was no difference in rate of 
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Figure 10. Major bleeding in atrial fibrillation patients according to renal function for nonvitamin K antagonist 
oral anticoagulant and warfarin arms of the phase III trials. Major bleeding event rates (%/year) according to 
renal function subgroups from the phase III pivotal trials for (a) dabigatran, (b) apixaban, (c) edoxaban and (d) 
rivaroxaban.6–8, 35 Mean CHADS2 scores are reported for the respective arm from the phase III pivotal trials.
AF, atrial fibrillation; CHADS2, score for estimating risk of stroke; CrCl, creatinine clearance; VKA, vitamin K antagonist.
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Risk ratio p interaction

Favours warfarin

n(NOAC/Comp.)

Figure 11. Venous thromboembolic event recurrence or death related to venous thromboembolic event by 
renal function. Efficacy outcomes of recurrent venous thromboembolic event or death related to venous 
thromboembolic event for dabigatran, apixaban, edoxaban and rivaroxaban versus warfarin by renal function 
subgroups as reported by Geldhof et al.40 Data are reported as risk ratios for nonvitamin K antagonist oral 
anticoagulant versus warfarin.
Comp, comparator arm; CrCl, creatinine clearance; DVT, deep vein thrombosis; NOAC, nonvitamin K antagonist oral 
anticoagulant; PE, pulmonary embolism.

Favours warfarin

n(NOAC/Comp.) Risk ratio p interaction

Figure 12. Major bleeding in venous thromboembolic event patients by renal function. Major bleeding data 
for dabigatran, apixaban and rivaroxaban according to renal function subgroups as reported by Geldhof et al.40 
Data are reported as risk ratios of nonvitamin K antagonist oral anticoagulant versus warfarin. The definition 
of major bleeding was similar in all included trials and conformed to the International Society on Thrombosis 
and Haemostasis guidelines. Major bleeding data for edoxaban by renal function was not available at the time 
of publication.
Comp, comparator arm; CNOAC, nonvitamin K antagonist oral anticoagulant; CrCl, creatinine clearance; DVT, deep vein 
thrombosis; PE, pulmonary embolism.
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major bleeding associated with use of the low 
dose. This association was not seen for rivaroxa-
ban or dabigatran.

Studies have shown physicians may place more 
value on the avoidance of bleeding and less value 
on the avoidance of stroke than patients at high 
risk of AF. Whereas the opposite perspective is 
seen with patients who place a higher value on the 
avoidance of stroke.48 This more cautious per-
spective may further explain why some patients at 
higher risk of bleeding are inappropriately pre-
scribed a lower dose, thus potentially putting 
them at higher risk of stroke due to insufficient 
anticoagulation.46 However, even if the recom-
mended dose of a NOAC is prescribed, issues 
with adherence may result in the patient not 
receiving the proper dose. A recent survey found 
approximately one-third of patients taking a twice 
daily OAC only took their medication once a 
day.49 These patients were 4.5 to 5 times more 
likely to not adhere to their dosing regimen when 
compared with patients receiving once daily med-
ications. The impact of these findings would be 
further compounded if patients were inappropri-
ately prescribed the lower dose. Underdosing 
may have important implications, as rates of SSE, 
major bleeding and mortality are generally higher 
for patients receiving the lower versus higher 
NOAC dose.6–9

The impact of inappropriate dosing highlights the 
importance of monitoring renal function and 
ensuring NOACs are used appropriately. Patients 
receiving a NOAC should have their renal func-
tion monitored at least once per year.1,6–9,33 
Medication assessments should be performed to 
identify concomitant medications that may alter 
renal function or renal excretion of NOACs. As in 
patients with normal renal function, treatment of 
patients with renal impairment should be indi-
vidualized, weighing the benefits of oral antico-
agulant treatment against the risk of bleeding.

Conclusion
Patients with renal impairment have an increased 
risk of thrombosis and bleeding, emphasizing the 
importance of assessing the efficacy and safety of 
NOACs in this population. Elimination of 
NOACs is altered in patients with impaired renal 
function due to varying dependence on renal 
clearance. Increased drug exposure, observed 
with declining renal function, may put patients at 
a higher risk of SSE, VTE and bleeding. The dos-
ing recommendations for patients with renal 

impairment differ depending on the NOAC, with 
some of the NOACs requiring dose reductions 
based solely on renal function and others taking 
additional criteria into consideration. Rivaroxaban 
is the only NOAC that was prospectively studied 
with a reduced dose for patients with moderate 
renal impairment. When adhering to approved 
dosing regimens for patients with renal impair-
ment, the NOACs are a safe and effective option 
for the prevention of SSE in patients with AF and 
the treatment of VTE. However, real-world evi-
dence suggests patients are not being dosed 
appropriately and that dose adjustments are being 
based on clinical considerations outside approved 
dosing criteria. Inappropriate dose reductions 
may have important implications, as patients who 
are insufficiently anticoagulated would be at a 
higher risk of stroke or thromboembolism.
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