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Editorial

Non-vitamin K antagonist oral anticoagulant dosing in patients 
with atrial fibrillation and renal dysfunction
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Atrial fibrillation (AF) is the commonest cardiac arrhythmia 
and is an independent risk factor for stroke and mortality. 
Oral anticoagulation is the cornerstone of management 
for primary and secondary stroke prophylaxis in patients 
with AF and known additional risk factors (1). Whilst 
oral vitamin K antagonists (VKA) such as warfarin were 
the mainstay of treatment for decades, they have been 
superseded by the newer non-vitamin K antagonist oral 
anticoagulants (NOACs), which offer relative efficacy, 
safety and convenience compared to VKAs (2,3). The 
NOACs include direct thrombin inhibitor, dabigatran and 
direct factor Xa inhibitors such as rivaroxaban, apixaban and 
edoxaban. 

Compared with warfarin, NOACs are generally more 
convenient to use and are usually given in fixed doses with 
no routine coagulation monitoring. However, NOACs are 
prescribed based on strict criteria considering age, weight (in 
the setting of apixaban), co-morbidities and renal function. 
When prescribing a NOAC, clinical factors that should be 
considered are shown in Table 1 (4). Of note, all NOACs 
are cleared through the renal system to varying degrees (5). 
Thus, there is a real and understandable risk of under- or 
over dosing of NOACs in the setting of renal dysfunction 
which can translate clinically to increased risk of stroke/
systemic embolism and/or bleeding.

Whilst conducting a clinical trial in assessing the direct 
effects of under- or over dosing of NOACs in real world 
population is not a viable option for ethical reasons, 

retrospective analysis of observational “real world” datasets 
may offer some options. 

In a recent issue of JACC, Yao et al. (6) analysed a large 
U.S. administrative database of 14,865 patients with AF 
initiating NOACs and examined use of a standard dose 
in AF patients with a renal indication for dose reduction 
(i.e., potential overdosing) and the use of a reduced dose 
when the renal indication is not present (i.e., potential 
underdosing). Of 1,473 patients with a renal indication 
for dose reduction, 43.0% were potentially overdosed, 
which led to more major bleeding (hazard ratio: 2.19; 95%  
CI: 1.07–4.46) but no significant difference in stroke rates. 
Among the other 13,392 patients with no renal indication 
for dose reduction, 13.3% were potentially underdosed, 
which was associated with a higher stroke risk (hazard ratio: 
4.87; 95% CI: 1.30–18.26) with no difference in major 
bleeding amongst apixaban-treated patients. There were 
no statistically significant relationships in dabigatran- or 
rivaroxaban-treated patients without a renal indication. 
Hence, the presumption that underdoing leads to gains in 
safety are not borne out, but instead puts patients at risk 
of thromboembolism. This has been highlighted in other 
recent publications (7,8).

The study by Yao et al. (6) has many positive aspects, 
including a large sample size from a ‘real world’ claims 
dataset, as well as clear study endpoints and consideration 
of drug interactions. Nevertheless, the limitations should 
be recognised, as with any “real world” observational study 
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based on claims or administrative data (9,10). Apixaban 
dosing criteria as per the approved product label requires 
two of the following three criteria: age ≥80 years, weight 
<60 kg, and SCr  level >1.5 mg/dL (11). As with claims data, 
they were not able to check weights for apixaban, hence 
their main analyses relied on SCr level as the apixaban dose 
indication. Follow up times varied from 1 to 9.6 months, 
and thus, the absolute numbers of events and event rates 
were generally low, so longer term information would be 
needed especially for thromboembolism and mortality 
outcomes. Limited follow up may partly explain the lack 
of a statistically significant relationship between dose 
reduction and risk of stroke or bleeding in the dabigatran- 
or rivaroxaban-treated patients. Also, the CKD-EPI 
equation was used to calculate renal function rather than the 
Cockcroft-Gault method as information on patients’ weight 
was not available. As with claims data, we do not know 
if patient had additional risk factors and were prescribed 
the NOAC appropriately in the first instance, including 
information on laboratory values, proteinuria, etc.

What are the future considerations from this work? 
Potential overdosing (i.e., use of standard dose NOACs in 
patients with severe renal impairment) was associated with 
a doubled risk of bleeding with no attendant reduction 
in the risk of stroke. One might expect that increased 
NOAC exposure would further reduce stroke risk, but 
this observation suggested that the stroke reduction effect 
plateaued with escalating drug exposure. Perhaps the 
remaining stroke risk is attributable to athero-embolic 
disease or other non-cardio-embolic stroke sources not 
readily addressed with systemic anticoagulation therapy. 
This observation may illustrate the inflection point at 
which increased bleeding risk no longer justifies intensified 
anticoagulation therapy. Indeed, the residual risk of death 

and cardiovascular events in patients with AF despite 
adequate anticoagulation is well recognised (12,13),  
which is  perhaps unsurprising given the multiple 
cardiovascular risk factors present in AF patients (14,15). 
More studies and better clinical decision support tools are 
needed to guide NOAC dosing, particularly in patients 
with renal impairment. This can be in the form of simple 
clinical pathways that align primary and secondary care 
management [“the Birmingham 3-step” approach to stroke 
prevention (16)], as well as the use of novel approaches 
to integrated care with mobile health technologies. The 
latter would suit certain healthcare settings, as recently 
shown in the mAFA trial (17), where the mAF App 
on smartphones, integrating clinical decision support, 
education, and patient-involvement strategies, significantly 
improved knowledge, drug adherence, quality of life, 
and anticoagulation satisfaction. Attention to long-term 
adherence, persistence and compliance with anticoagulation 
improves outcomes (18-20). Things can only get better 
if appropriate and responsible prescribing and treatment 
uptake prevails, balancing risk appropriately (21).
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