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trials (RCTs) using DOACs used eCrCl assay according 
to the Cockcroft-Gault formula to assess renal function. 
However, there are clinically significant dose deviation 
of DOACs based on this equation, especially considering 
that the proposed equation for the assessment of renal 
function is CKD-EPI and not the Cockcroft-Gault (CG)
formula. These discrepancies are particularly significant 
for DOACs with greater dependence on renal clearance 
(dabigatran, rivaroxaban) and among elderly patients 
with dose discrepancies of up to 30%. In particular, mild 
to moderate CKD occurs in ~ 54% of patients with long-
term anticoagulant therapy and approximately 25% of 
these patients develop severe CKD [12]. 

More specifically, compared to the CG equation, 
the MDRD and CKD-EPI equations in many cases over-
estimate eGFR and it is precisely this overestimation 
that can lead to an increased total dose of DOACs. 
By using the CKD-EPI or MDRD equations instead of 
CG, dosing discrepancies are higher with substances 
whose metabolism is more dependent on renal func-
tion such as dabigatran and rivaroxaban than with 
apixaban. Especially in patients with impaired renal 
function as calculated by the CG equation <60 ml / min 
and in elderly patients (> 75 years), the discrepancy 
between dabigatran and rivaroxaban doses is higher 
than in the general population (from 13.2% to 30.4%). 
In contrast, the dose mismatch of apixaban from the 
use of different equations to calculate eGFR is less than 
5% [13]. The frequency of overdose of DOACs has also 
been seen in a large U.S. administrative database with 
over 14,000 patients with AF. In this, more than 40% of 
patients received a higher dose (for a given eGFR) than 
they normally should. More specifically, the proportion 
of patients receiving higher than the recommended 
dose was 48.5% for apixaban, 39.4% for dabigatran 
and 41.3% for rivaroxaban. Characteristically, the use 
of standard, but not appropriately reduced, doses of 
DOACs in patients with severe kidney impairment has 

been associated with a doubling of the risk of bleeding 
without any reduction in the risk of stroke [14]. DOACs 
dose adjustment according to CKD stage is presented 
in Table 2.

Monitoring of the anticoagulation effect
Among patients treated with warfarin, INR is the 

most common test used to monitor warfarin response 
which should be determined at least weekly during 
initiation of anticoagulant therapy and at least monthly 
when anticoagulation (INR) is stable in order to keep the 
therapeutic range of an INR between 2.0 and 3.0 [2,10]. 
Clinical practice guidelines do not recommend dosage 
reduction for CKD or ESKD. Nevertheless, there are stud-
ies which show that dose reduction between 10-19% 
is required in patients with eGFR <60 ml/min/1.73m2 
and <30 ml/min/1.73m2, respectively. It has not been 
established whether different dialysis procedures and 
methods result in changes in warfarin exposure and 
pharmacodynamics [10]. In contrast to VKAs, DOACs do 
not require routine monitoring as they have shown a 
predictable pharmacokinetic profile in patients though 
without high grade CKD. Monitoring of these agents, 
especially in CKD for assessing drug accumulation, re-
lies on measurement for dabigatran, of thrombin time 
(TT) or ecarin clotting time (ECT), while for the factor 
Xa inhibitors, anti-Xa activity should be assessed [3]. 
There is a strong correlation between anti-Xa activ-
ity and factor Xa inhibitor concentration, however, it 
should be highlighted that there are no FDA-approved 
kits for universal standardization of the anti-Xa activity 
assay [15].

Reversal of the antithrombotic effect of oral an-
ticoagulants is achieved using fresh frozen plasma, 
prothrombin complex concentrate, recombinant factor 
VIIa, factor VIII inhibitor by passing activity or a specific 
antidote. When warfarin is used, in patients with INR 

Table 1. Basic metabolic pathways of oral anticoagulants.

Substance Kidney excretion (%) Hepatic or other form of metabolism Dialyzable

Warfarin - Predominantly via cytochrome P450

type 2C9 (CYP2C9)

No

Apixaban 27 CYP-3A4/5 P-glycoprotein Partially (small)

Rivaroxaban 36 CYP-3A4/5 and CYP-2J2 No

Dabigatran 80 Metabolized by esterases Yes

Edoxaban 50 CYP-3A4 No




