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CONTEMPORARY REVIEW

Direct Oral Anticoagulant Use: A Practical 
Guide to Common Clinical Challenges
Ashley Chen, PharmD; Eric Stecker, MD, MPH; Bruce A. Warden , PharmD, BCPS-AQ Cardiology, CLS

ABSTRACT: Direct oral anticoagulants (DOACs) have quickly become attractive alternatives to the long-standing standard of 
care in anticoagulation, vitamin K antagonist. DOACs are indicated for prevention and treatment of several cardiovascular con-
ditions. Since the first approval in 2010, DOACs have emerged as leading therapeutic alternatives that provide both clinicians 
and patients with more effective, safe, and convenient treatment options in thromboembolic settings. With the expanding 
role of DOACs, clinicians are faced with increasingly complex decisions relating to appropriate agent, duration of treatment, 
and use in special populations. This review will provide an overview of DOACs and act as a practical reference for clinicians 
to optimize DOAC use among common challenging scenarios. Topics addressed include (1) appropriate indications; (2) use 
in patients with specific comorbidities; (3) monitoring parameters; (4) transitioning between anticoagulant regimens; (5) major 
drug interactions; and (6) cost considerations.
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Direct oral anticoagulants (DOACs)—dabigatran 
(Pradaxa), rivaroxaban (Xarelto), apixaban (Eliquis), 
edoxaban (Savaysa), and betrixaban (Bevyxxa) are 

anticoagulation pharmacotherapy used for the preven-
tion of thrombosis in several cardiovascular contexts.1 
DOACs are categorized into 2 main classes: oral direct 
factor Xa inhibitors (ie, rivaroxaban, apixaban, edoxaban, 
and betrixaban) and direct thrombin inhibitors (ie, dab-
igatran). In 2010, the US Food and Drug Administration 
(FDA) approved its first DOAC, dabigatran, followed by 
rivaroxaban, apixaban, edoxaban, and betrixaban in the 
following years. DOACs are relatively new agents demon-
strating superiority or noninferiority to prior standards of 
care, anticoagulation with vitamin K antagonists (VKA; ie, 
warfarin), or low-molecular-weight heparins (LMWHs), in 
reducing risk of thromboembolic complications with sim-
ilar or reduced bleeding risk.2–5 Advantages of DOACs 
compared with VKAs include fewer monitoring require-
ments, less frequent follow-up, more immediate drug 
onset and offset effects (important for periprocedural and 
acute bleeding management), and fewer drug and food 
interactions.6 As a result, DOAC prescriptions exceeded 

those for warfarin by 2013, with apixaban being the most 
frequently prescribed DOAC for patients with nonvalvular 
atrial fibrillation (NVAF).7

Over the past decade, DOACs have been the sub-
ject of extensive investigation in many clinical scenarios. 
Though guidelines and review articles have provided 
detailed and in-depth analyses of the immense literature 
base, these can be too cumbersome and challenging 
to integrate into everyday clinical use. The purpose of 
this review is to be a practical reference or algorithm for 
the busy clinician to navigate key aspects of effective 
DOAC prescribing, with an emphasis on addressing 
key situations where clinical uncertainty exists. This re-
view will provide recommendations to address special 
clinical situations to include indications, use in specific 
comorbidities, monitoring parameters, transitioning to 
or off of therapy, drug interactions, and cost.

INDICATIONS FOR USE
In general, FDA-approved indications for each of the 
DOACs are comparable (see Table  1). Dabigatran, 
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rivaroxaban, apixaban, and edoxaban are approved for 
the lowering the risk of stroke and embolism in NVAF as 
well as deep vein thrombosis and pulmonary embolism 
treatment/prophylaxis.8–11 Unique indications include 
betrixaban for prophylaxis of venous thromboembo-
lism (VTE) in hospitalized patients for an acute medi-
cal illness, and rivaroxaban in combination with aspirin 
to reduce major cardiovascular events in patients with 
chronic coronary artery disease (CAD) or peripheral 
artery disease.9,12 However, there is still uncertainty in 
understanding safe and effective use of DOACs in the 
setting of patients with cardiovascular comorbidities, 
specifically atrial fibrillation (AF) with recent percutane-
ous coronary intervention (PCI), AF with concomitant 
artificial heart valves, stable atherosclerotic cardiovas-
cular disease (ASCVD), and cancer-associated throm-
boembolism. This section aims to clarify the use of 
DOACs within these patient subgroups.

AF and PCI
The combination of AF and CAD has often led to con-
fusion regarding the optimal antithrombotic strategy, 
historically favoring atherothrombotic prevention to 
bleeding complications. Patients with CAD undergo-
ing PCI are to receive dual-antiplatelet therapy (DAPT) 
consisting of aspirin and a P2Y12 inhibitor (ie, clopi-
dogrel, prasugrel, or ticagrelor) for prevention of re-
current atherosclerosis and stent thrombosis.13 When 
this occurs in patients with comorbid AF, the poten-
tial need for triple antithrombotic therapy consisting of 
DAPT and anticoagulation (historically VKA) arises.14 
As several studies have shown, bleeding risk rises sig-
nificantly with each successive antithrombotic agent 

added; however, trade-offs regarding thrombosis are 
not as clear cut.15

Recent investigations shed light on this common 
clinical scenario. The PIONEER AF-PCI (Prevention of 
Bleeding in Patients With Atrial Fibrillation Undergoing 
PCI) trial revealed that dual therapy with rivaroxaban 
dosed at nonstandardized AF dosing (15 mg daily, or 
10 mg daily if renal impairment) and a P2Y12 inhibitor 
(predominantly clopidogrel) or triple therapy with rivar-
oxaban 2.5 mg twice daily plus DAPT was associated 
with lower bleeding risk in comparison to triple therapy 
(VKA at standard AF dosing, aspirin, and clopidogrel; 
hazard ratio [HR], 0.59; 95% CI, 0.47–0.76) but similar 
thrombotic events.16 The RE-DUAL PCI (Randomized 
Evaluation of Dual Antithrombotic Therapy with 
Dabigatran Versus Triple Therapy With Warfarin in 
Patients With Nonvalvular Atrial Fibrillation Undergoing 
Percutaneous Coronary Intervention) trial showed that 
dual therapy with dabigatran (110 and 150 mg twice-
daily regimens) and a P2Y12 inhibitor (predominantly 
clopidogrel) revealed similar results, demonstrating a 
lower risk of bleeding and hospitalization compared 
with triple therapy (VKA dose adjusted to an interna-
tional normalized ratio [INR] of 2–3, aspirin, clopido-
grel). The magnitude of difference in bleeding events 
was dose dependent (HR, 0.52; 95% CI, 0.42–0.63; 
and HR, 0.72; 95% CI, 0.58–0.88 for the dabigatran 
110 and 150 mg regimens, respectively). At the same 
time, dabigatran at both doses was noninferior with 
respect to the prevention of ischemic event rates.17 
The AUGUSTUS (Antithrombotic Therapy After Acute 
Coronary Syndrome or PCI in Atrial Fibrillation) trial di-
rectly examined the benefit and risk of dropping aspirin 
with both warfarin and apixaban in combination with 
a P2Y12 inhibitor (clopidogrel). The AUGUSTUS trial 
keenly addressed a key missing component to the lit-
erature and criticisms of RE-DUAL PCI and PIONEER 
AF-PCI trials by comparing triple therapy to triple ther-
apy and dual therapy to dual therapy. The trial demon-
strated the antithrombotic regimens that included 
apixaban in combination with a P2Y12 inhibitor (without 
aspirin) resulted in less bleeding (HR, 0.69; 95% CI, 
0.58–0.81) and fewer hospitalizations (HR, 0.83; 95% 
CI, 0.74–0.93) without significantly effecting the num-
ber of ischemic events than regimens that included a 
VKA, aspirin, or both.18 Clinicians should be confident 
that dropping aspirin according to clinical trial proto-
cols when using apixaban, dabigatran, or rivaroxaban 
in combination with a P2Y12 inhibitor will substantially 
lower bleeding risk without increasing thrombotic risk, 
a sentiment endorsed by recent consensus docu-
ments.14,19 When it comes to antithrombotic therapy in 
this scenario, less may be more.

Another important consideration is the use of 
add-on therapy to further mitigate bleeding risk, spe-
cifically gastrointestinal bleeding risk in patients on 

Nonstandard Abbreviations and Acronyms

AF	 atrial fibrillation
ASCVD	 atherosclerotic cardiovascular disease
CAD	 coronary artery disease
CKD	 chronic kidney disease
CrCl	 creatinine clearance
CYP	 cytochrome P450
DAPT	 dual-antiplatelet therapy
DOAC	 direct oral anticoagulant
FDA	 US Food and Drug Administration
HR	 hazard ratio
INR	 international normalized ratio
LMWH	 low molecular weight heparin
NVAF	 nonvalvular atrial fibrillation
PCI	 percutaneous coronary intervention
VKA	 vitamin K antagonists
VTE	 venous thromboembolism
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dual therapy. As has been demonstrated in patients 
on DAPT, use of gastrointestinal protection with H2 
antihistamine receptor blockers and proton pump in-
hibitors can reduce bleeding complications in patients 
on DAPT.20 Providers are encouraged to coprescribe 
gastrointestinal prophylaxis using a proton pump in-
hibitor for patients on dual-antithrombotic regimens, 
especially those at high risk of gastrointestinal bleed-
ing. This same rationale may be applied to patients on 
DOACs and antiplatelets or agents with antiplatelet 
properties (ie, NSAIDs, systemic corticosteroids, etc).

AF and Artificial Heart Valves
Valvular heart disease and AF commonly coexist and 
each contribute independently to thromboembolic 
events and mortality.21 Valvular AF refers to the pres-
ence of mechanical prosthetic heart valve or moderate 
to severe mitral stenosis, conditions that substantially 
increase thromboembolic risk and serve as a principal 
exclusion criterion for the major DOAC phase III AF tri-
als.22–25 More specifically, the RE-ALIGN (Dabigatran 
Versus Warfarin in Patients With Mechanical Heart 
Valves) trial established the use of DOACs as con-
traindicated in patients with mechanical heart valves.26 
The study was terminated early, as patients with me-
chanical prosthetic heart valves experienced excess 
thromboembolic and bleeding events. Therefore, 
VKA remains the preferred agent for this patient 
population as recommended in the current American 
College of Chest Physicians and American College 
of Cardiology/American Heart Association guide-
lines.27–29 Bioprosthetic heart valves are considered 
less thrombogenic compared with mechanical heart 
valves but nonetheless are associated with increased 
risk and require chronic anticoagulation in the set-
ting of concurrent AF or mitral stenosis.30 Overall, the 
use of DOACs in patients with AF with bioprosthetic 
valves or other valve repairs still constitutes a gray 
area in clinical practice because of limited investigation 
and consensus about the definition of “valvular” AF. 
Despite the unfavorable outcomes of the RE-ALIGN 
trial of mechanical valves, there is a growing interest 
to investigate use of DOACs in the setting of biopros-
thetic valves. Subgroup analysis of the pivotal trials of 
selected DOACs (apixaban and edoxaban),31,32 as well 

Table 1.  Indications for DOAC Prescribing

DOACs Indications

Dabigatran FDA-approved indications

Stroke prevention in NVAF

Treatment of deep vein thrombosis and pulmonary 
embolism

Prevention of recurrent deep vein thrombosis and 
pulmonary embolism

Prevention of thromboembolism after total hip 
replacement

Off-label indications

Prevention of thromboembolism after total knee 
replacement

Prevention of thromboembolism after PCI with 
NVAF

Rivaroxaban FDA-approved indications

Stroke prevention in NVAF

Treatment of deep vein thrombosis and pulmonary 
embolism

Prevention of recurrent deep vein thrombosis and 
pulmonary embolism

Prevention of thromboembolism after total knee 
replacement and after total hip replacement

Prevention of thromboembolism in hospitalized 
acutely ill medical patients

Prevention of major cardiovascular events in 
patients with chronic CAD/peripheral artery disease

Off-label indications

Prevention of thromboembolism after PCI with 
NVAF

Apixaban FDA-approved indications

Stroke prevention in NVAF

Prevention of thromboembolism after total knee 
replacement and after total hip replacement

Treatment of deep vein thrombosis and pulmonary 
embolism

Prevention of recurrent deep vein thrombosis and 
pulmonary embolism

Off-label indications

Treatment of heparin-induced thrombocytopenia;

Prevention and treatment of cancer-associated 
deep vein thrombosis

Prevention of thromboembolism in hospitalized 
acutely ill medical patients

Prevention of thromboembolism after PCI with NVAF

Edoxaban FDA-approved indications

Stroke prevention in NVAF

Treatment of deep vein thrombosis and pulmonary 
embolism

Off-label indications

Prevention and treatment of cancer associated 
deep vein thrombosis

Prevention of thromboembolism after total knee 
replacement and after total hip replacement

Prevention of thromboembolism after PCI with 
peripheral artery disease

 (Continued)

DOACs Indications

Betrixaban FDA-approved indications

Prevention of deep vein thrombosis and pulmonary 
embolism in adults hospitalized for an acute medical 
illness

CAD indicates coronary artery disease; DOAC, direct oral anticoagulant; 
FDA, US Food and Drug Administration; NVAF, nonvalvular atrial fibrillation; 
and PCI, percutaneous coronary intervention.

Table 1.  Continued
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as small-cohort studies of DOACs (apixaban, rivaroxa-
ban, and dabigatran),33–36 support their safe and effec-
tive use in patients with bioprosthetic valves. The most 
recent addition to this area evaluated 218 patients un-
dergoing bioprosthetic aortic or mitral valve replace-
ment or repair and randomized to edoxaban 60  mg 
daily or warfarin dose adjusted to an INR between 2 
and 3 during the first 3 months after the procedure.37 
Though the results are yet to be published, edoxaban 
was found to be noninferior for the primary efficacy 
(death, asymptomatic intracardiac thrombosis, and 
clinical thromboembolic event—defined as myocardial 
infarction, stroke, pulmonary embolism, symptomatic 
valve thrombosis, systemic non–central nervous sys-
tem embolism or deep vein thrombosis) and safety 
(major bleeding) end points. Thus, the limited evidence 
supports the notion that bioprosthetic heart valves 
should not preclude DOAC use, a practice that is ech-
oed by the European Heart Rhythm Association (see 
Table 2).38

Stable Atherosclerotic Cardiovascular 
Disease
Aspirin use for secondary prevention of ASCVD is well 
established and is widely recommended by major clini-
cal guidelines for indefinite use.39 In this setting, major 
ASCVD events are reduced ≈20% to 30%, but major 
bleeding increased ≈1.4 to 1.6-fold.40,41 In an effort to 
expand upon the ASCVD risk reduction witnessed 
with aspirin monotherapy, prior investigations evalu-
ated more potent antiplatelets (ie, clopidogrel, ticagre-
lor, and vorapaxar) and VKA therapy as alternatives 
to aspirin and as add-on therapy with aspirin.42 The 
recurring theme with the use of these strategies was a 
slight reduction in ASCVD events but at the expense of 
increased bleeding episodes and no effect on mortal-
ity. After promising results were hinted at with com-
bining antiplatelet therapy with low-dose rivaroxaban 
in patients with acute coronary syndrome undergoing 
PCI, investigations into use of this strategy for chronic 
ASCVD were sought.43 The COMPASS (Cardiovascular 
Outcomes for People Using Anticoagulation Strategies) 
study demonstrated that rivaroxaban plus aspirin had 
significant secondary prevention benefits for patients 

with ASCVD (ie, CAD and peripheral artery disease), 
which led to FDA approval for this indication in 2018.44 
Patients were randomized to 3 treatment arms: rivar-
oxaban 2.5 mg twice daily with aspirin 100 mg daily; 
rivaroxaban 5 mg twice daily alone; or aspirin 100 mg 
daily alone.44 This is a drastic dose reduction for ri-
varoxaban from the recommended 20 mg daily dose 
approved for patients with NVAF and VTE, but the ra-
tionale for low doses was provided by previous trials.42 
The benefits of therapy were slightly offset by the in-
creased risk in major bleeding by 1.70-fold (P<0.001). 
Nonetheless, the reduced rivaroxaban dose in com-
bination with aspirin did not increase fatal or critical 
organ bleeding, and the net clinical benefit still favored 
the combination therapy.44 Overall, the COMPASS trial 
demonstrated significant benefit in reducing major 
cardiovascular events, a composite of cardiovascu-
lar death, stroke, and myocardial infarction by 24% 
(P<0.001), and major adverse limb events (including 
amputations) by 46% (P=0.0037) with low doses of ri-
varoxaban in combination with aspirin.44,45 This novel 
indication for rivaroxaban provides an important new 
antithrombotic therapy regimen for a large group of 
high-risk patients with established ASCVD and another 
pathway for reducing residual atherosclerotic risk.

A common clinical conundrum occurs in the set-
ting of stable ASCVD and concomitant AF: What 
is the most effective long-term antithrombotic reg-
imen? This question was addressed in AFIRE 
(Antithrombotic Therapy for Atrial Fibrillation With 
Stable Coronary Disease).46 The trial randomized 
2236 Japanese patients with AF who had undergone 
PCI or coronary artery bypass grafting >1 year ear-
lier or angiographically confirmed CAD not requiring 
revascularization to rivaroxaban 15 mg daily (10 mg 
daily with creatinine clearance [CrCl] 15–49  mL/
min) or combination therapy consisting of rivarox-
aban plus an antiplatelet (aspirin or P2Y12 inhibitor). 
The doses of rivaroxaban were lower than the FDA-
approved doses (20 mg with normal and 15 mg with 
impaired renal function) because of pharmacokinetic 
modeling revealing that Japanese patients achieve 
similar plasma levels of rivaroxaban compared with 
20 mg in Caucasian patients.47 The AFIRE trial was 
stopped early because of increased mortality in the 

Table 2.  DOAC Use in Valvular Heart Disease

Dabigatran Rivaroxaban Apixaban Edoxaban Betrixaban

Mechanical prosthetic valve Contraindicated NA*

Moderate to severe mitral 
stenosis

Contraindicated NA*

Bioprosthetic valve† Acceptable NA*

NA indicates not applicable.
*Betrixaban is used only as a prophylactic agent; it is not indicated for treatment.
†Not advised for rheumatic mitral stenosis.
Reproduced in part from Steffel et al38 with permission. Copyright ©2018, Oxford University Press.
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combination therapy group (1.85% versus 3.37% per 
patient year; HR, 0.55; 95% CI, 0.38–0.81). The rivar-
oxaban monotherapy arm was noninferior in cardio-
vascular efficacy measures (P<0.001) and superior in 
reducing major bleeding (P=0.01) compared with the 
combination therapy group. Thus, the results of the 
AFIRE study extended the concept of less intense an-
tithrombotic for optimal risk-benefit established in the 
acute-care setting from PIONEER AF-PCI,16 RE-DUAL 
PCI,17 and AUGUSTUS,18 to the time period beyond a 
year from diagnosis and intervention.

Cancer-Associated Thromboembolism
Patients with cancer are at increased risk for ve-
nous and arterial thromboembolism and bleeding 
events.48 Anticoagulation within the cancer popula-
tion is complicated by comorbidities that can affect 
drug disposition (ie, renal insufficiency, high rates of 
nausea and vomiting), thrombotic risk (ie, concur-
rent AF), or bleeding risk (ie, thrombocytopenia); 
drug-drug interactions between anticoagulants and 
oncology medications; malnourished/underweight 
states; and patient preferences (ie, burdensome 
laboratory testing, patient discomfort with injections, 
and medication cost).48 As such, the growing need 
for optimal anticoagulation strategies is of mounting 
importance. Historically, LMWHs have been the cor-
nerstone of cancer-associated VTE on the basis of 
2 trials providing reduced thrombotic risk compared 
with warfarin.49,50 Evidence comparing the use of 
DOACs to LMWH have emerged to provide an oral 
dosing option that may be more cost effective and 
does not require frequent laboratory monitoring. The 
Hokusai VTE Cancer (Edoxaban for the Treatment 
of Cancer-Associated Venous Thromboembolism) 
trial compared edoxaban 60 mg daily with daltepa-
rin 200  IU/kg subcutaneously daily×1  month, then 
150  IU/kg daily thereafter.51 Edoxaban was nonin-
ferior to dalteparin with respect to the primary end 
point of recurrent VTE or major bleeding, display-
ing a nonsignificant reduction in recurrent VTE (23% 
relative risk reduction, P=0.09), but increasing major 
bleeding (1.77-fold increase; P=0.04). The Select-D 
(Anticoagulation Therapy in Selected Cancer Patients 
at Risk of Recurrence of Venous Thromboembolism) 
pilot trial compared rivaroxaban at standard VTE 
dosing (15 mg twice daily×21 days, then 20 mg daily 
thereafter) versus dalteparin (same dosing regimen 
used in the Hokusai VTE Cancer trial) and revealed 
reduced recurrent VTE (HR, 0.43; 95% CI, 0.19–0.99) 
but a 1.83-fold (95% CI, 0.68–4.96) increased risk of 
major bleeding after 6 months of treatment with rivar-
oxaban.52 The ADAM VTE (Apixaban, Dalteparin, in 
Active Cancer Associated Venous Thromboembolism) 
trial was the first trial for apixaban to support active 

treatment of cancer-associated VTE.53 Apixaban 
dosed at 10  mg twice daily×7  days, then 5  mg 
twice daily thereafter, was compared with dalteparin 
(dosed as above) over 6 months. Apixaban was as-
sociated with a noninferiority with regard to the pri-
mary end point of major bleeding (0% versus 2.1%; 
P=0.9956) and a robust 74% relative risk reduction 
in recurrent VTE (P=0.0182). Similar results were re-
cently published in the Caravaggio (Apixaban for the 
Treatment of Venous Thromboembolism Associated 
With Cancer) trial, demonstrating noninferiority with 
respect to recurrent VTE (P<0.001) and comparable 
major bleeding (P=0.60).54 Thus, the current land-
scape for treatment of VTE in the cancer population 
seems to support apixaban over the current stand-
ard of care with LMWH and other DOACs, establish-
ing the ideal balance of thrombosis prevention while 
not inducing excess bleeding. However, several other 
trials investigating DOAC to LMWH for treatment of 
cancer-associated VTE are slated to be completed 
within the next 1 to 2 years. Subgroup analyses from 
phase III VTE and AF trials and retrospective obser-
vational cohorts have also demonstrated consistent 
efficacy and safety outcomes in the cancer popu-
lation.48 In response, major guidelines now endorse 
the use of DOAC in cancer-associated VTE treat-
ment.55,56 Trials investigating the use of DOACs for 
the prevention of VTE in patients with cancer have 
also been conducted and support the use of these 
agents in patients with cancer undergoing ambula-
tory chemotherapy with intermediate-high VTE risk 
and low bleeding risk.48,57,58 As current practice heav-
ily favors LMWH and VKAs, these novel and com-
pelling trials supporting the use of DOACs will likely 
serve to ignite a paradigm shift in practice standards 
among this growing population of complex patients.

COMORBIDITIES AFFECTING DOAC 
PHARMACOKINETICS
Patient-specific comorbidities, particularly ones that 
affect systemic exposure of the medication, need to 
be taken into account when managing patients on 
DOAC therapy. Comorbidities may alter the DOAC 
elimination rate, therefore increasing the risk of a 
thromboembolic or bleeding events. Of the many 
factors that need to be considered, we will address 
the 3 most pertinent patient comorbidities: renal 
impairment, hepatic impairment, and extreme body 
weights.

Renal Insufficiency
Patients with chronic kidney disease (CKD) have an in-
creased risk for thromboembolic and bleeding events. 
Historically, warfarin has been the preferred anticoagulant 
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used in severe CKD, but robust data supporting its ef-
ficacy and safety are lacking, coupled with the concern 
for warfarin-induced vascular calcifications and wors-
ening nephropathy, more appropriate alternatives were 
eagerly sought.59 However, the presence of coexisting 
renal impairment can often lead to uncertainty in select-
ing the best DOAC. All DOAC therapies are eliminated by 
the kidneys to varying degrees, and alterations in renal 
clearance must be taken into account when dosing 
these agents. Dabigatran is the most renally eliminated, 
accountable for 80% of its clearance pathway, followed 
by edoxaban, rivaroxaban, apixaban, and betrixaban: 
50%, 35%, 27%, and 11%, respectively.38,59 Any clinical 
decisions on how to treat patients with DOACs requires 
the assessment of patient renal function, which should 
be monitored frequently, at least annually or more fre-
quently if a patient has additional comorbidities and risk 
factors. Renal dose adjustments include a decreased 
dose or decreased frequency of the regimen, and for 
most DOACs are based on the Cockcroft-Gault CrCl 
equation to estimate renal function.

Phase III trials involving DOACs have excluded pa-
tients with severe renal dysfunction (CrCl <30  mL/
min) or dialysis.22,23,25 Apixaban exhibits minimal renal 
clearance, but the clinical significance of this is uncer-
tain and there are varying recommendations regarding 
when to dose adjust.10,38,60 Patients with CrCl <25 mL/
min were excluded in both AF and VTE trials using 
apixaban.24,61,62 Nonetheless, FDA-approved prescrib-
ing information requires no dose adjustment for apix-
aban in patients with renal impairment alone, including 
patients with end-stage renal disease and those on he-
modialysis.10 To qualify for apixaban dose adjustment, 
one must meet at least 2 of the following characteris-
tics; just remember your ABCs:

1.	 Age ≥80  years.
2.	Body weight ≤60 kg.
3.	Creatinine (serum) ≥1.5 mg/dL.

The Europeans provide an alternative guidance, 
recommending standard dosing for CrCl >30 mL/min, 
reduced dose for CrCl 15 to 30 mL/min, and avoid-
ance for CrCl <15  m/min.38 The 2018 AF guidelines 
recommend both warfarin and apixaban for patients 
with end-stage renal disease (CrCl <15 m/min or on 
dialysis).28 However, warfarin has little proven benefit 
and a large risk of harm in end-stage renal disease. 
There is growing evidence that apixaban in patients 
with AF and advanced CKD or end-stage renal disease 
may be associated with a lower risk of major bleeding 
compared with warfarin63,64 or, at the very least, similar 
rates of bleeding.65

Rivaroxaban use in severe CKD, particularly in pa-
tients on dialysis, is quite contentious. The package 

labeling states that rivaroxaban can be used in patients 
on dialysis, albeit at a reduced dose. However, this is 
based on limited pharmacokinetic data.9 The limited 
observational data suggested varying effects on bleed 
risk compared with warfarin in patients with stage 5 
CKD or on dialysis.59,66 Regardless, major guidelines 
and consensus documents do not recommend use 
of rivaroxaban in patients with stage 5 CKD or on 
dialysis.59

Betrixaban is mainly eliminated via the hepatobili-
ary system, with limited renal involvement in clearance. 
However, betrixaban can neither be recommended 
nor contraindicated in patients with severe renal insuf-
ficiency, as this agent has not been evaluated in this 
setting.67

Contrary to other DOACs, edoxaban displays a de-
crease in efficacy compared with warfarin in patients 
with an intact renal clearance (CrCl >95 mL/min), which 
led to the FDA’s issuing a warning about the use of this 
agent in individuals with normal-high CrCl.11 However, 
a post hoc analysis of the ENGAGE AF (Edoxaban 
Versus Warfarin in Patients With Atrial Fibrillation) trial 
showed that edoxaban remained safe and effective in 
patients with normal renal function.68

Knowledge of when and how to renally dose ad-
just is imperative to appropriate DOAC prescribing. 
This is best highlighted in recent studies suggesting 
that up to 32% of patients experience inappropriate 
DOAC dosing,69–71 the most common form being 
subtherapeutic dosing due to renal insufficiency, the 
greatest risk factor influencing deviation from FDA-
approved doses.69 Inappropriate dosing of DOAC 
carries grim consequences, with increased risk for 
thrombotic and bleeding complications resulting 
from subtherapeutic and supratherapeutic dosing, 
respectively.72

In summary, DOACs are safe and effective in pa-
tients with moderate CKD (CrCl 30–50  mL/min). 
Dabigatran, rivaroxaban, and edoxaban should un-
dergo dose adjustment for renal impairment and 
should be avoided for severe renal impairment (CrCl 
<30  mL/min). Edoxaban should be avoided in those 
with normal renal function (>95 mL/min). Apixaban and 
betrixaban undergo the least amount of renal elimina-
tion and may be the DOACs of choice in severe renal 
impairment. See Figure  1 for suggested DOAC use 
based on patient renal function.

Hepatic Impairment
Similar to other disease states noted above, pa-
tients with hepatic impairment are at increased risk 
of bleeding complications and thrombotic events.73 
Alterations in hepatic function affects DOAC biotrans-
formation to varying extents. Apixaban is the most 
reliant on hepatic metabolism for drug elimination, 
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accounting for 75% of its elimination pathway, fol-
lowed by rivaroxaban, edoxaban, dabigatran, and 
betrixaban: 65%, 50%, 20%, and up to 18%, re-
spectively.12,73 Rivaroxaban and apixaban require cy-
tochrome P450 (CYP) enzymes for metabolism, while 
dabigatran and edoxaban require no to minimal CYP 
metabolism.73 There was minimal hepatic elimination 
of betrixaban, and it is not metabolized by CYP en-
zymes, nor does it induce or inhibit CYP activity.67 
As there is no great monitoring parameter to assess 
for safety, patients with hepatic dysfunction may not 
be ideal candidates for these agents. Restrictions 
for the use of DOACs in patients with hepatic im-
pairment are based on the Child-Pugh classification 
system and exclusion criteria applied in pivotal trials 
(see Table  3).38,73,74 The Child-Pugh score uses the 

presence of clinical and biochemical abnormalities 
to assess the severity of the hepatic dysfunction. All 
DOACs are contraindicated in patients with severe 

Figure 1.  DOAC use in renal insufficiency.
*Apixaban dose adjustments are based on patient serum creatinine, age, and body weight; **rivaroxaban dose adjustments are 
based on patient indication; ***betrixaban: no dose adjustments provided for hemodialysis patients (has not been studied). CrCl 
indicates Cockcroft-Gault creatinine clearance; ESRD, end-stage renal disease; NVAF, nonvalvular atrial fibrillation; and VTE, venous 
thromboembolism.

Table 3.  Child-Pugh Score for Classification of Hepatic 
Impairment

Score 1 2 3

Bilirubin, mg/dL <2 2–3 >3

Albumin, g/dL >3.5 2.8–3.5 <2.8

Ascites None Mild Moderate

Encephalopathy (grade) None 1 and 2 3 and 4

INR <1.7 1.7–2.3 >2.3

Grade A, <7 points; Grade B, 7 to 9 points; Grade C, 10 to 15 points. INR 
indicates international normalized ratio.

Reproduced in part from Steffel et al38 with permission. Copyright ©2018, 
Oxford University Press.
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hepatic disease in which warfarin is the only recom-
mended anticoagulant in this patient population.38 
Dabigatran, apixaban, and edoxaban are viable op-
tions in patients with moderate hepatic impairment 
and do not require dose adjustments.38 All DOACs 
could be considered in patients with mild hepatic 
impairment without any dose adjustments. With the 
lack of information, the optimal anticoagulation strat-
egy for this patient population remains unclear and 
it is recommended to obtain blood tests to evaluate 
hepatic function and coagulation parameters before 
initiating and periodically throughout DOAC therapy. 
Summarized in Table 4 are recommendations for pa-
tients with hepatic impairment based on their Child-
Pugh classification.

Extreme Body Weights
Optimal anticoagulant agents and dosing strategy for 
patients with extreme body weights have not been es-
tablished for DOACs. Concerns have arisen with the 
use of DOACs in patients with extremes of body weight 
attributable to physiological changes that affect clear-
ance of the medication and may lead to adverse out-
comes, as well as limited data to guide prescribers. 
Fixed drug doses may lead to decreased drug expo-
sures in obese patients and increased drug exposures 
in underweight patients based on drug pharmacoki-
netic changes (see Figure 2).75–80 Weight was not an 
exclusion criterion in any of the large randomized trials 
evaluating DOACs in AF or VTE populations. Subgroup 
analyses from these trials reveal no difference in ef-
ficacy or safety outcomes in obese patients, and these 
findings were reinforced by results of meta-analyses; 
however, extreme-body-weight populations have been 
severely underrepresented in clinical trials.81 An analy-
sis of trials conducted by the International Society on 
Thrombosis and Haemostasis suggests that DOACs 
are safe in patient ≤120 kg (body mass index ≤40 kg/
m2) at standard doses and are not recommended 
in patients >120  kg (body mass index >40  kg/m2).82 
Since these recommendations, several retrospective, 
single-center studies have shed more light on this 
topic. Collectively, dabigatran and to a lesser extent 

rivaroxaban reveal suboptimal peak plasma concen-
trations (in 20%–28% of obese patients studied) com-
pared with apixaban.83 When evaluating efficacy and 
safety outcomes, DOAC therapies compare similarly 
with warfarin; however, the majority of the data are for 
apixaban and rivaroxaban, and those that included 
dabigatran revealed higher rates of thrombosis and 
lower rates of bleeding suggesting impaired systematic 
exposure.84–88 The largest of these studies was that 
conducted by Coons et al,88 which evaluated 1840 pa-
tients with acute VTE to receive DOAC (rivaroxaban in 
91.8%, apixaban in 5.2%, and dabigatran in 3%) versus 
dose-adjusted warfarin to an INR goal of 2 to 3. This 
retrospective study found similar rates of recurrent VTE 
(6.5% versus 6.4%; P=0.93) and bleeding (1.7% ver-
sus 1.2%; P=0.31) in DOAC compared with warfarin-
treated patients, respectively. Interestingly, the mean 
weight of 115 kg, the fact that <50% of patients were 
>120  kg (body mass index >40  kg/m2), and the pri-
mary use of rivaroxaban (DOAC with the least amount 
of pharmacokinetic alterations among obese patients) 
makes this study less generalizable. Nevertheless, 
although these trials had several inherent limitations, 
predominantly being underpowered to fully elucidate 
whether DOACs are noninferior to warfarin in obese 
patients, since a randomized clinical trial in this popula-
tion remains unlikely, they do provide important data to 
this field. A lack of information exists for edoxaban and 
betrixaban within this patient population. Within the 
obese population (patients >120 kg and/or >40 kg/m2), 
it is recommended that use of dabigatran, edoxaban, 
and betrixaban be avoided and that rivaroxaban and 
apixaban may be used with caution.

Among low-body-weight patients (<60 kg), measur-
ing renal function plays an important role in assessing 
use of DOACs, as renal function is commonly over-
estimated in this population because of lower muscle 
mass. In addition, low-body-weight patients com-
monly present with comorbid conditions (ie, elderly 
age, frailty, and renal impairment) that predispose to 
adverse outcomes.38 DOACs with recommended 
dose reductions based on low body weight (≤60 kg) 
include apixaban (in addition to age and renal function) 
and edoxaban—both as a result of pharmacokinetic 

Table 4.  DOAC Recommendations Based on Degree of Hepatic Impairment

DOAC Contraindication Use With Caution No Dose Reduction

Dabigatran Child-Pugh C Child-Pugh B Child Pugh A

Rivaroxaban Child-Pugh B or C NA Child Pugh A

Apixaban Child-Pugh C Child Pugh B Child Pugh A

Edoxaban Child-Pugh C Child Pugh B Child Pugh A

Betrixaban *Child-Pugh B or C NA Child Pugh A

DOAC indicates direct oral anticoagulant; and NA, not applicable.
*Use is not recommended in patients with hepatic impairment (has not been studied).
Reproduced in part from Steffel et al38 with permission. Copyright ©2018, Oxford University Press.
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evaluation demonstrating increased systemic expo-
sure in this population (see Figure 2). Dabigatran may 
also represent a less-than-ideal agent for underweight 
patients because of increased systemic exposure (see 
Figure 2) and the likelihood of coexisting renal insuf-
ficiency in this patient population with observational 
studies demonstrating increased dabigatran-induced 
bleeding at low body mass indexes (<23.9  kg/m2).89 
There was no conclusive consensus for patients with 
weight <60  kg for rivaroxaban, but similar to other 
DOACs, this agent displays increased systemic ex-
posure in cachectic patients (see Figure  2).38 Patient 
ethnicity should also be taken into consideration, es-
pecially in low-body-weight patients. In a nationwide 
study conducted in South Korea with AF, patients 
weighing <60  kg were treated with regular doses of 
dabigatran, rivaroxaban, apixaban, and edoxaban or 
warfarin.77 Findings showed that DOACs were not only 
more effective but safer than warfarin for patients even 
with extremely low body weight (<50 kg).77

Overall, pharmacokinetic data suggest extreme body 
weights affect DOAC disposition, but this has not been 
overtly confirmed in limited trial data. Recommendations 
for DOAC use in patients of extreme body weight are 
listed in Figure 3.38,77,82 Given the paucity of data and 
caution advised by international groups, DOAC use in 
this population should be accompanied by laboratory 
monitoring to assess drug effect and prevent adverse 
outcomes, see monitoring section below.

Monitoring Parameters
There are no FDA-approved method to monitor the 
anticoagulant effect of DOACs. Qualitative coagulation 
assays such as activated partial thromboplastin time, 
thrombin time, and prothrombin time can be used 

as first-line tests if evaluation for medication compli-
ance is clinically important. However, these tests are 
insufficient to assess the degree of anticoagulant ef-
fect as seen with INR for management of VKA ther-
apy. Quantitative measures exist such as anti–factor 
Xa levels, plasma drug concentrations, dilute thrombin 
time, and ecarin thrombin time to directly assess anti-
coagulation effects.90,91 However, quantitative tests do 
not have an established clinical role, since standard-
ized therapeutic ranges have not been established and 
quantitative test results have not been correlated with 
clinical outcomes. Other general monitoring param-
eters include signs and symptoms of bleeding, com-
plete blood count, and a comprehensive metabolic 
panel specifically evaluating liver function tests, albu-
min, total bilirubin, and serum creatinine (see Table 5).
These monitoring parameters should be performed in 
all patients before initiation of a DOAC and routinely 
monitored 1 to 3 months after initiation and then every 
6 to 12 months thereafter, or more frequent follow-ups 
based on patient-specific characteristics is recom-
mended in provider plans.

In addition to laboratory monitoring parame-
ters, a comprehensive DOAC monitoring approach 
should include the following items assessed at each 
follow-up:

1.	 Current health status.
2.	Adherence and cost.
3.	Bleeding/thromboembolic events.
4.	Adverse effects.
5.	Complete medication review for drug interactions.
6.	Reassessment of appropriateness of therapy.
7.	 Repeat warranted laboratory parameters.
8.	Continuing follow-up appointments for patients.

Figure 2.  DOAC pharmacokinetic profiles in the extremes of body weight.
AUC indicates area under the curve; Cmax, maximal concentration; and NR, not reported.
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ANTICOAGULANT TRANSITIONING
As with any high-risk medication such as anticoagu-
lants, clinical situations may arise that require transition-
ing to or off of DOAC therapy. Two common transition 
scenarios include (1) switching between anticoagulants 
and (2) periprocedural management.

Switching Between Anticoagulants
It is not uncommon to require transition from one 
anticoagulant to another because of either cost, co-
morbid conditions, patient preference, hospitalization, 
thrombotic complications, bleeding complications, or 
procedures. Five scenarios exist that comprise DOAC 
therapy switching from/to another anticoagulant:

1.	 VKA to DOAC
2.	DOAC to VKA
3.	DOAC to DOAC
4.	DOAC to parenteral anticoagulant
5.	Parenteral anticoagulant to DOAC

For all scenarios, assessment of each drug’s phar-
macokinetic profile (ie, half-life), pharmacodynamics pro-
file (INR for VKA or activated partial thromboplastin time 
for unfractionated heparin, etc), as well as patients’ renal 
function, must be taken into account. The ultimate goal 
is to limit interruption of the therapeutic anticoagulation 
during the transition to minimize the risk of atherothrom-
bosis. In certain cases, this requires overlap of the 2 an-
ticoagulants. See Table 6.92

Transitioning between VKA and DOAC and vice 
versa requires additional explanation that takes into ac-
count the INR measurement. When transitioning from 
a VKA to a DOAC, the half-life of the VKA compound is 
imperative to guide therapy. Since warfarin is the prin-
ciple VKA utilized in the United States, with a half-life 
of ≈36 to 48 hours, it is advisable to stop warfarin and 
check INR at least 3 days later. DOACs can be initiated 
once the INR is ≤2; see Table 7 for management strat-
egies based on INR values.38 When converting from a 
DOAC to a VKA, providers should administer DOACs 
concomitantly with VKAs because of the VKAs’ known 

Figure 3.  DOAC use in extremes of body weight.
*Data not available for rivaroxaban and betrixaban; **avoid unless absolutely necessary; warrants specific 
laboratory monitoring (refer to Monitoring Parameters for more detail).
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slow onset of action (≈5–10 days).38 An INR should be 
rechecked between days 3 and 5 of warfarin therapy. 
INRs should be checked just before the dose of the 
DOAC because of their ability to elevate INR values. 
The INRs should be monitored frequently for at least 
the first month until INR stability has been achieved (ie, 
≥3 consecutive INR readings at goal).

Procedural Management
Past guidelines on perioperative and postoperative 
management for patients on DOACs have been primar-
ily based on surgical risk (both thrombotic and bleed-
ing), the DOAC’s pharmacokinetic profile, concurrent 

medications, and patient characteristics (ie, comorbid 
diseases, history of bleeding complications, renal func-
tion, and age).92,93 Because of DOACs’ fast onset and 
offset, periprocedural bridging is generally not required; 
however, it is important to note the length of time to 
hold regimens before and after procedures. Providers 
may find it useful to obtain specific coagulation meas-
urements before procedures, especially in high-risk 
interventions, to determine the level of hemostasis. 
However, for the majority of patients undergoing elec-
tive procedures, the interruption of DOAC therapy can 
be substantiated on a time-based approach that takes 
into consideration bleeding risk of the procedure and 

Table 5.  DOAC Laboratory Monitoring

Drug Name

Qualitative Quantitative Other

aPTT TT PT Anti-FXa Levels
Plasma Drug 

Concentration dTT ECT CBC CMP

Dabigatran x x x x x x x x

Rivaroxaban x x x x x

Apixaban x x x x x

Edoxaban x x x x x

Betrixaban x x x x

aPTT indicates activated partial thromboplastin time; CBC, complete blood count; CMP, comprehensive metabolic panel; dTT, dilute thrombin time; ECT, 
ecarin thrombin time; FXa, activated factor X; PT, prothrombin time; and TT, thrombin time.

Table 6.  Algorithm for Switching Between Anticoagulants

From To Action

VKA DOAC Stop VKA and start DOAC once INR is <2 or lower INR limit of 
therapeutic range 

Measurement of INR before and after DOAC initiation is warranted 
as DOAC may falsely elevated INRs

Dabigatran VKA CrCl >50 mL/min: start VKA and stop dabigatran 3 d later 
CrCl 31 to 50 mL/min: start VKA and stop dabigatran 2 d later 
CrCl 15 to 30 mL/min: start VKA and stop dabigatran 1 d later

Rivaroxaban 
Apixaban

VKA Start VKA and stop DOAC 3 d later 
OR for continuous anticoagulation: 

Stop DOAC and start LMWH and VKA at the time DOAC would have 
been due, then stop LMWH when INR is within therapeutic range

Edoxaban VKA Start VKA and stop DOAC 3 d later 
OR for continuous anticoagulation: 

Patients taking 60 mg: reduce edoxaban to 30 mg and start warfarin 
concomitantly. Stop edoxaban when INR >2 

Patients taking 30 mg: reduce edoxaban to 15 mg and start warfarin 
concomitantly. Stop edoxaban when INR ≥2

Betrixaban VKA Start VKA and stop DOAC when INR > lower limit of therapeutic 
range

DOAC DOAC Stop current DOAC regimen and begin the new DOAC agent at the 
time next dose of DOAC is due

DOAC Parental anticoagulant* Stop DOAC and start parenteral anticoagulant at the same time that 
the next dose of DOAC would have been given

Parenteral anticoagulant* DOAC Intravenous: Start DOAC 0 to 2 h after stopping UFH 
Subcutaneous: Stop LMWH and start DOAC at the same time that 

the next dose of LMWH would have been given

CrCl indicates Cockcroft-Gault creatinine clearance; DOAC, direct oral anticoagulant; INR, International Normalized Ratio; LMWH, low-molecular-weight 
heparin; UFH, unfractionated heparin; and VKA, vitamin K antagonist.

*Parenteral anticoagulant: LMWH or UFH.
Source: American Heart Association, Inc.92
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renal function (see Table 8).38,93 Furthermore, the results 
of the ongoing PAUSE (Perioperative Anticoagulant 
Use for Surgery Evaluation; NCT02228798) will help to 
further define a more conclusive standard-of-care ap-
proach for perioperative management.94

MAJOR DRUG INTERACTIONS
Drug-drug interactions are an important con-
cern for any patient managed on DOAC therapy. 
Concomitantly administered drugs that alter DOAC 
plasma concentrations can lead to serious compli-
cations, with increased DOAC concentrations po-
tentially resulting in bleeding events, and decrease 
DOAC concentration placing the patient at risk for 
thrombus formation. Initially, DOACs were viewed as 
having minimal drug interactions, which has proven 
incorrect. When compared with VKAs, which are 
highly associated with substantial drug-drug inter-
actions, DOACs impart a lower risk; however, they 
still have significant risk of interactions. Three differ-
ent types of drug interactions need to be evaluated 
when managing DOAC therapy: (1) agents affect-
ing renal clearance, (2) agents affecting hepatic 
clearance, and (3) agents concurrently affecting 
hemostasis.

Agents Affecting Renal Clearance
As all DOACs used for treatment of atherothrombo-
sis rely on the kidneys for elimination to varying de-
grees, agents that hinder this organ’s ability to clear 

Table 7.  INR Considerations When Transitioning Between 
VKA and DOAC

VKA-to-DOAC Conversion

INR ≤2 Start DOAC immediately

INR 2–2.5 Start DOAC immediately or preferably the next day

INR 2.5–3 Postpone DOAC 
Recheck INR in 1–3 d

INR ≥3 Postpone DOAC 
Recheck INR in 3–5 d

DOAC-to-VKA Conversion

INR ≤2 Continue DOAC (half-dose for edoxaban) while INR 
remains ≤2 
Recheck INR in 1–3 d (before DOAC intake)

INR >2 Stop DOAC 
Recheck INR 1 d after discontinuing DOAC

DOAC indicates direct oral anticoagulant; INR, International Normalized 
Ratio; and VKA, vitamin K antagonist.

Reproduced in part from Steffel et al38 with permission. Copyright ©2018, 
Oxford University Press.

Table 8.  When to Interrupt and Restart DOAC Therapy During Elective Procedures

Dabigatran Rivaroxaban Apixaban Edoxaban Betrixaban

Minor-bleeding-risk procedure

Recommended to not stop in most minor surgical procedures NA†

STOP: 12–24 h before procedure*

RESTART: 6 h after intervention

Low-bleed-risk procedure 
Stop 24–96 h before procedure

CrCl ≥80 mL/min STOP: ≥24 STOP: ≥24 STOP: ≥24 STOP: ≥24 STOP: ≥96

CrCl ≤50–79 mL/min STOP: ≥36 STOP: ≥24 STOP: ≥24 STOP: ≥24 STOP: ≥96

CrCl ≤30–49 mL/min STOP: ≥48 STOP: ≥24 STOP: ≥24 STOP: ≥24 Not indicated

CrCl ≤15–29 mL/min Not indicated STOP: ≥36 STOP: ≥36 STOP: ≥36 Not indicated

CrCl ≤15 mL/min Consider measuring drug activity to determine absence of drug affect Not indicated

RESTART ≥24 h after intervention

High-bleed-risk procedure 
Stop 48–96 h before procedure

CrCl ≥80 mL/min STOP: ≥48 STOP: ≥48 STOP: ≥48 STOP: ≥48 STOP: ≥96

CrCl ≤50–79 mL/min STOP: ≥72 STOP: ≥48 STOP: ≥48 STOP: ≥48 STOP: ≥96

CrCl ≤30–49 mL/min STOP: ≥96 STOP: ≥48 STOP: ≥48 STOP: ≥48 Not indicated

CrCl ≤15–29 mL/min Not indicated STOP: ≥48 STOP: ≥48 STOP: ≥48 Not indicated

CrCl ≤15 mL/min Consider measuring drug activity to determine absence of drug effect Not indicated

RESTART ≥48 to 72 h after intervention

Minor-bleeding-risk interventions: dental, cataract, glaucoma, endoscopy without biopsy or resection, superficial surgery; low-bleeding-risk interventions: 
endoscopy with biopsy, prostate biopsy, bladder biopsy, pacemaker or implantable cardioverter-defibrillator implantation, noncoronary angiography, 
electrophysiological study/catheter ablation; high-bleeding-risk intervention: major surgery, spinal puncture or placement of spinal/epidural catheter, other 
situations in which complete hemostasis is required. CrCl indicates Cockcroft-Gault creatinine clearance; and NA, not applicable.

*Skip 1 dose of dabigatran or apixaban; no dose of edoxaban or rivaroxaban is skipped.
†Has not been studied.
Reproduced in part from Steffel et al38 with permission. Copyright ©2018, Oxford University Press.
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DOAC may place the patient at increased risk for 
bleeding complications. Common agents to monitor 
are NSAIDs, diuretics, angiotensin-converting enzyme 
inhibitors, angiotensin II receptor blockers, and im-
munosuppressants (ie, calcineurin inhibitors such as 
cyclosporine and tacrolimus, mammalian target of ra-
pamycin inhibitors such as sirolimus and everolimus).38 
No DOAC-specific dose adjustments are required but 
warrant more frequent monitoring of renal function and 
possibly holding therapy or consideration for transition 
to an agent with less renal involvement if renal function 
is compromised.

Agents Affecting Hepatic Clearance
All DOACs are eliminated by either CYP metabolic en-
zymes or permeability glycoprotein transporters; thus, 
agents that inhibit or induce these enzyme systems can 
constitute major drug-drug interactions and place the 
patient at undue risk for complications (see Table 9). 
A common drug-drug interaction example includes 
CYP3A4 inhibitors with the use of apixaban, which as 
discussed above is the DOAC with the highest reliance 
of hepatic biotransformation for clearance. Regimens 
such as ketoconazole, ritonavir, and itraconazole sig-
nificantly reduce apixaban drug concentrations and 

Table 9.  Major Drug-Drug Interactions8–12

Drug Interaction Effect of DOAC Recommendations

Dabigatran P-gp inhibitors Increase in concentration Reduce dose or avoid depending on renal 
function

P-gp inducers Significant reduction in 
concentration

Avoid use

Antacids Moderate reduction in 
concentration

No dose adjustments required; consider 
spacing regiments by 2 h

Apixaban Strong CYP3A4 inhibitor+P-gp 
inhibitor

Significant increase in 
concentration

Reduce dose or avoid use

Moderate CYP3A4 inhibitor+P-gp 
inhibitor

Moderate increase in concentration No dose adjustments required; use with 
caution 

Avoid use in patient with severe renal 
insufficiency

Strong CYP3A4 inducer 
or 

P-gp inducer

Significant reduction concentration Avoid use

Rivaroxaban Strong CYP3A4 inhibitor+P-gp 
inhibitor

Significant increase in 
concentration

Avoid use

Moderate CYP3A4 inhibitor+P-gp 
inhibitor

Moderate increase in concentration No precaution necessary 
Avoid use in patient with severe renal 

insufficiency

Strong CYP3A4 inducer 
or 

P-gp inducer

Significant reduction concentration Avoid use

Edoxaban P-gp inhibitors Increase in concentration AF: Do not reduce dose 
VTE treatment: Reduce dose

P-gp inducers Significant reduction in 
concentration

Avoid use with rifampin

Betrixaban P-gp inhibitors Increase in concentration Avoid: CrCl <30 mL/min

P-gp inducers Significant reduction in 
concentration

Not addressed

Drug Interaction Examples

Strong CYP3A4 inhibitors+combined P-gp inhibitor Itraconazole, ketoconazole, ritonavir

Moderate CYP3A4 inhibitors+combined P-gp inhibitor Clarithromycin, diltiazem

Strong CYP3A4 inducer+combined P-gp inducer Carbamazepine, rifampin, St. John’s wort

Strong CYP3A4 inducers Phenytoin

P-gp inhibitors Amiodarone, clarithromycin, cyclosporine, dronedarone, erythromycin 
ivacaftor, ketoconazole, nifedipine, quinidine, ranolazine, ticagrelor, 

tolvaptan, verapamil

P-gp inducers Rifampin

Drug examples cited in the US prescribing information. AF indicates atrial fibrillation; CrCl, Cockcroft-Gault creatinine clearance; CYP, cytochrome P450; 
P-gp, permeability glycoprotein; and VTE, venous thromboembolism.

Source: American Heart Association, Inc.92
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therefore should be avoided.10 Because of the likeli-
hood of concomitant interacting medications, the 
risk of drug-drug interactions increases when DOACs 
are prescribed in patients with the following comor-
bidities: HIV, organ transplantation, infection, malig-
nancy, epilepsy, and arrhythmia. Refer to previously 
published reviews for a more comprehensive list of 
interacting medications and associated management 
strategies.38,95

Agents Concurrently Affecting Bleeding 
Risk
As mentioned above, bleeding complications in-
crease when DOACs are coprescribed with anti-
platelets (aspirin, P2Y12 inhibitors) or agents with 
antiplatelet properties (NSAIDs, systemic corticos-
teroids, etc), and these combinations should be 
minimized whenever possible and carefully balanced 
against improved thrombosis prevention when clini-
cally indicated. If concomitant therapy cannot be 
avoided, addition of H2 antihistamine receptor block-
ers or proton pump inhibitors to mitigate gastrointes-
tinal bleeding should be undertaken.

COST ANALYSIS
DOACs have quickly gained popularity as an al-
ternative anticoagulation strategy and surpassed 
VKAs as first-line agents because of improved clini-
cal outcomes, simplicity of dosing, lack of monitor-
ing requirements, and expanding indication list. All 
DOACs are currently branded medications; there-
fore, cost remains a significant barrier to access. 
Apixaban was recently granted generic approval at 
the end of 2019 but product availability (likely not for 
several more years), cost and generic status of the 
other DOACs remain unknown.96 While DOACs are 
substantially more expensive than VKA, laboratory 
monitoring costs are reduced since INR monitoring 
is not required. US cost analyses have shown that 
apixaban has the highest quality-adjusted life year for 
stroke prevention in NVAF patients followed by dabi-
gatran, edoxaban, rivaroxaban, and the lowest being 
warfarin.97–99A recent study demonstrated that dabi-
gatran was associated with lower all-cause costs and 
healthcare resource use compared with rivaroxaban, 
while having similar all-cause costs and hospitaliza-
tions compared with apixaban, but higher outpatient 
and pharmacy healthcare resource use.100

In the United States, commercially insured patients 
are eligible for time-limited programs to reduce out-
of-pocket expense using manufacturer copayment 
cards (most limiting patient costs to ≤$10 per month). 
Federally funded patients (Medicare, Medicaid, etc) are 
ineligible for these programs (see Table 10).101 Despite Ta
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the cost, from 2010 to 2017 there was a dramatic in-
crease in the use of DOACs for NVAF.7 Analyses have 
shown that apixaban has become the most prescribed 
DOAC for NVAF and accounted for approximately half 
of new DOAC prescriptions by 2017. While the infor-
mation in Table  10 demonstrates the cash price of 
DOACs, this does not take into account other factors 
that need to be considered for enhanced patient care, 
including clinical outcomes, quality of life, patient pref-
erence, and laboratory monitoring costs.

CONCLUSION
DOACs have revolutionized anticoagulant management 
and are becoming the cornerstone treatment for stroke 
prevention in AF and VTE prophylaxis and treatment, 
and the list of other indications is expanding. There are 
many factors that will affect appropriate efficacy and 
safety end points when prescribing DOAC therapy, and 
this review aims to address these scenarios. Patient 
comorbidities must be considered when selecting the 
most appropriate anticoagulant. It is now recognized that 
routine monitoring of renal and hepatic function, signs/
symptoms of bleeding, and parameters of compliance 
should be considered for all patients. Clinicians should 
incorporate patient preferences, clinical outcomes data, 
patient characteristics, and quality-of-life considerations 
when recommending an anticoagulant. Cost can play a 
critical role in this decision, with DOAC affordability for 
individual patients varying based on medication benefit 
copayment tiers. As the future of anticoagulant thera-
pies continues to evolve, DOACs will remain a critical 
therapy for preventing thrombotic events.
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