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Abstract
Introduction Factor Xa-inhibiting direct oral anticoagulants (FXa-DOACs) undergo hepatic metabolism via cytochrome 
P-450 (CYP450). Concomitant use of rifampicin, an inducer of these enzymes, with FXa-DOACs, has been shown to 
decrease FXa-DOAC concentrations in healthy subjects. Several common antiepileptic drugs (AEDs) are known to induce 
CYP450 enzymes as well. However, little is known regarding the impact of this potential interaction on treatment outcomes 
with FXa-DOACs.
Methods We analyzed adverse event cases submitted to the Food and Drug Administration (FDA) Adverse Event Reporting 
System (FAERS) from January 2013 to December 2018. We compared the proportion of cases reporting thromboembolic and 
ischemic adverse events (TAIAEs) with the concomitant use of FXa-DOACs and enzyme-inducing AEDs to the proportion 
of cases with FXa-DOACs and other AEDs.
Results During this period, 9693 adverse event cases reported concomitant use of FXa-DOACs and AEDs. Almost all 
reports (> 99%) involved the use of rivaroxaban or apixaban. Compared with other AEDs, enzyme-inducing AEDs were 
associated with an 86% increase in the odds of reporting TAIAEs [reporting odds ratio (ROR) 1.86, 95% confidence inter-
val (CI) 1.61–2.15; p < 0.0001]. In secondary separate analyses of rivaroxaban and apixaban, enzyme-inducing AEDs were 
similarly associated with increased reporting of a TAIAE (ROR 1.79, 95% CI 1.50–2.12, and ROR 1.88, 95% CI 1.41–2.48, 
respectively).
Conclusion Using real world data, we observed an increase in the odds of reporting anticoagulation treatment failure among 
patients treated with FXa-DOACs and concomitant enzyme-inducing AEDs compared to those treated with other AEDs.
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Key Points 

Concomitant use of enzyme-inducing antiepileptic drugs 
and factor Xa- inhibiting direct oral anticoagulants (FXa-
DOACs) can affect efficacy of anticoagulant treatment 
and lead to ischemic or thrombotic events. However, 
the clinical effect of this drug interaction has not been 
studied to date.

Using real world data, we observed an increase in the 
odds of reporting ischemic and thrombotic events among 
patients treated concomitantly with FXa-DOACs and 
enzyme-inducing antiepileptic drugs compared to those 
treated with other antiepileptic drugs.

These findings suggest that concomitant use of FXa-
DOACs and enzyme-inducing antiepileptic drugs is 
associated with the risk of FXa-DOAC treatment failure.
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1 Introduction

Direct oral anticoagulants (DOACs) have largely replaced 
vitamin K antagonists in the treatment of atrial fibrillation 
(AF) and venous thromboembolism (VTE), mainly due 
to the simpler use and reduced risk of intracranial hemor-
rhage with DOACs [1–5]. A major attraction of DOACs 
is their more predictable dose–response relationship and 
fewer drug–drug interactions compared to warfarin, such 
that DOAC treatment does not require routine monitoring 
of drug level or effect [6].

However, DOACs, and specifically factor Xa-inhibit-
ing direct oral anticoagulants (FXa-DOACs), have several 
significant drug–drug interactions that require attention. 
FXa-DOACs undergo hepatic metabolism via cytochrome 
P-450 (CYP450) enzymes, particularly via CYP3A4. 
Concomitant use of enzyme-inhibiting and enzyme-
inducing drugs together with DOACs can affect the 
safety and efficacy of treatment. Rifampicin, a model for 
enzyme-inducing drugs, has been shown to significantly 
decrease FXa-DOAC drug concentration area under the 
curve (AUC) in healthy subjects [7–9].

Concomitant use of enzyme inducers can be expected 
to occur among patients treated with FXa-DOACs, as 
significant comorbidity and polypharmacy is common 
in this population. Concomitant use of enzyme inducers 
with FXa-DOACs occurs in the context of stroke-induced 
seizure. Several common antiepileptic drugs (AEDs) are 
known to be enzyme inducers, and FXa-DOACs and 
enzyme-inducing AEDs may be co-prescribed. Anecdotal 
reports have implicated co-prescription of FXa-DOACs 
and enzyme-inducing AEDs in cases of treatment failure 
[10–15]. Co-prescription of these medications has been 
reported to occur among 1.4% of patients in the hospital 
setting [16], suggesting that research evaluating the clini-
cal implication of these potential drug interactions in the 
real world is warranted.

The Food and Drug Administration (FDA) Adverse Event 
Reporting System (FAERS) database provides data on more 
than 1 million adverse event cases reported to the FDA annu-
ally. This database is commonly used for initial investigation 
of new or rare drug adverse events [17], as well as for the 
evaluation of drug–drug interactions [18]. Disproportionate 
rates of reports of specific adverse events with specific drugs 
or pairs of drugs have been recognized as a useful tool for 
evaluating medication safety [18, 19].

We evaluated the possible risk posed by concomitant 
administration of FXa-DOACs and enzyme-inducing 
AEDs by analyzing the proportion of reported thrombo-
embolic and ischemic adverse events (TAIAEs) among 
users of these drugs in the real world using the FAERS 
database.

2  Methods

We analyzed adverse event cases submitted to FAERS 
from January 2013 to December 2018. TAIAE cases were 
identified with the use of Medical Dictionary for Regula-
tory Activities (MedDRA) terms related to TAIAEs. Cases 
whose report contained a MedDRA preferred term from one 
of the following standardized medical queries (SMQs) were 
included in our analysis: “Embolic and thrombotic events, 
vessel type unspecified and mixed arterial and venous”, 
“Embolic and thrombotic events, venous”, “Embolic and 
thrombotic events, arterial”, and “Ischaemic central nerv-
ous system vascular conditions”. Detailed lists of terms 
included in the SMQs are available at http://biopo rtal.bioon 
tolog y.org/.

Cases involving FXa-DOACs were identified by generic 
and brand names of the four approved oral direct inhibitors 
of FXa: apixaban, rivaroxaban, edoxaban, and betrixaban.

Cases involving AEDs were identified by a predefined 
list of antiepileptic medications constructed using the FDA 
National Drug Code (NDC) file [20]. Agents were classified 
as antiepileptic if they were designated as “Established Phar-
macological Class (EPC)—Anti-epileptic Agent” or “Physi-
ological Effect (PE)—Decreased Central Nervous System 
Disorganized Electrical Activity.”

AEDs were then classified as CYP3A4 inducers or other 
AEDs based on the DrugBank database [21]. The lists were 
then reviewed by two clinical pharmacists and a clinical 
pharmacologist. Enzyme-inducing AEDs included agents 
such as phenytoin, phenobarbital, and carbamazepine. Other 
AEDs included agents such as valproic acid, lamotrigine, 
and levetiracetam. For detailed lists of the generic and brand 
names included in the analysis, see the appendix in the elec-
tronic supplementary material.

We assessed the relationship of TAIAEs with the concur-
rent use of FXa-DOACs and enzyme-inducing AEDs. All 
patients were taking FXa-DOACs plus an AED. We summa-
rized descriptive data on the characteristics of cases report-
ing TAIAEs with and without use of an enzyme-inducing 
AED. In the main analysis, we compared the proportion of 
cases with enzyme-inducing AEDs reporting TAIAEs and 
the proportion of cases reporting TAIAEs with other AEDs. 
We also report the proportion of cases reporting TAIAEs 
with rivaroxaban and apixaban individually. The effect of 
enzyme-inducing AEDs is reported as the reporting odds 
ratio (ROR), and statistical significance was tested by means 
of the Chi squared test.

We further evaluated the association between concur-
rent FXa-DOAC and enzyme-inducing AED use and report 
of TAIAEs by means of a multivariable logistic regres-
sion model including patients’ reported age and sex. Data 
processing and analysis were conducted with the use of R 
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version 3.5.2. Before the analysis, duplicate reports were 
removed according to the FDA’s recommendation for adopt-
ing the most recent case version.

3  Results

During the time period reviewed, 6,787,840 unique adverse 
event cases were recorded in FAERS. Of these, 179,703 
reports involved the use of FXa-DOACs and 381,700 cases 
reported adverse events with use of an AED. Of these, 9693 
reports included concurrent use of both an AED and an FXa-
DOAC (Fig. 1).

Almost all reports involved the use of either rivaroxaban 
(65%) or apixaban (36%), and 106 cases (1.1%) reported 
using an AED with more than one FXa-DOAC agent. Edoxa-
ban was reported in only 58 cases reporting concomitant use 
of FXa-DOAC and AED, and no reports of concomitant 
betrixaban and AED were identified.

In the FAERS reports, patients using enzyme-inducer 
AEDs were younger than those using other AEDs, with a 
mean age of 64 versus 68 years old, respectively, and were 
more likely to be female (Table 1).

TAIAEs were reported in 1423 of the reports of concomi-
tant use of FXa-DOACs and all types of AEDs (14.7%). 
Among the reports, 35% of cases received FXa-DOAC for 
VTE prophylaxis, 24% for stroke prophylaxis in AF, and 
in the remaining reports, the indications were unclear or 
unknown. 22.4% of the reports included the use of at least 
one enzyme-inducing AED, and 7% reported the use of more 
than one enzyme-inducing AED. The proportion of reports 
involving TAIAEs was higher among cases with enzyme-
inducing AEDs (22.4%) than among cases with other AEDs 
(13.4%) [univariate ROR of 1.86, 95% confidence interval 

(CI) 1.61–2.15, p < 0.0001 (Table  2)]. This association 
remained largely unchanged in multivariate logistic regres-
sion adjusting for differences in age and sex (ROR 1.73, 95% 
CI 1.45–2.05, p < 0.0001).

Secondary analyses focused specifically on rivaroxaban 
or apixaban. Enzyme-inducing AEDs were also significantly 
associated with increased odds of reporting a TAIAE with 
both these FXa-DOACs (ROR 1.79, 95% CI 1.50–2.12, and 
ROR 1.88, 95% CI 1.41–2.48, respectively, Fig. 2). Edoxa-
ban was also associated with an increased odds of report-
ing TAIAEs; however, this was based on only eight reports 
including both edoxaban and an enzyme-inducing AED 
(four of these reported a TAIAE), and therefore provided an 
unreliable estimate of the ROR, with a very wide CI (ROR 
10.7, 95% CI 1.44–87.39).

Fig. 1  Study flow diagram. 
AED antiepileptic drug, FXa-
DOAC factor Xa-inhibiting 
direct oral anticoagulant

6,787,840

Cases of adverse events between Jan 2013 - Dec 2018

179,703

Cases of adverse events with report of FXa-DOAC

Cases with rivaroxaban: 116,935
Cases with apixaban: 62,650
Cases with edoxaban: 1,421

Cases with betrixaban: 1

381,700

Cases of adverse events with report of AED

9,693

Cases of adverse events with both AED and FXa-DOAC

1,324

Cases with both FXa-DOAC and inducing AED

8,369

Cases with both FXa-DOAC and other AED

Table 1  Baseline characteristics of patients included in FAERS 
reports

AED antiepileptic drug, FAERS FDA Adverse Event Reporting Sys-
tem, FDA Food and Drug Administration, SD standard deviation
a FXa-DOAC agent categories are not mutually exclusive as 1.1% of 
cases reported the use of > 1 agent

Inducer AED Other AED All AEDs

N 1324 8369 9693
Age, mean ± SD 64 ± 15 68 ± 13 67.5 ± 13
Female, n (%) 716 (54) 4117 (49) 4833 (50)
Weight in kg, mean ± SD 85 ± 27 85 ± 25 85 ± 25
Apixaban, n (%)a 385 (29) 3103 (37) 3488 (36)
Rivaroxaban, n (%) 941 (71) 5312 (63) 6253 (65)
Edoxaban, n (%) 8 (0.6) 50 (0.6) 58 (0.6)
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4  Discussion

This study provides data on the clinical impact of the inter-
action between commonly used FXa-DOACs and enzyme-
inducing AEDs. Our data suggest that the combination 
of FXa-DOACs with commonly used AEDs which are 
strong CYP3A4 inducers (such as carbamazepine, phe-
nytoin, phenobarbital and primidone), as compared to 
other antiepileptic medications (including valproic acid, 
levetiracetam, and lamotrigine), was associated with a 
significant increase in the proportion of reports involv-
ing failure of anticoagulation therapy, i.e., ischemic and 
thromboembolic events.

This increased report rate remained significant after 
adjustment for sex and age, suggesting that the difference 
observed in reports of anticoagulation failure was not due 
to differences in these demographic characteristics. The 
observed association was consistent in analyses restricted 
to each of the specific FXa-DOAC agents as well, such that 
each of the agents with relevant data in FAERS was asso-
ciated with an increase in the odds of reporting TAIAEs.

Previous studies documented the pharmacokinetic con-
sequences of the interaction between the model enzyme 
inducer rifampicin and apixaban [7], rivaroxaban [8], and 
edoxaban [9] in healthy subjects. These studies demon-
strated a decrease in FXa-DOAC concentrations, result-
ing in a 30–50% decrease in the AUC of these agents. 
These pharmacokinetic data are reason for significant con-
cern; however, their impact on clinical outcomes remains 
unclear. In DOAC phase III studies, enzyme-inducing 
medications were either excluded or very rare [22, 23]. 
Several case reports of failure of anticoagulant treatment 
with apixaban [14, 15] and rivaroxaban [10–13] while on 
enzyme-inducing medications have been published. Treat-
ment failure included both venous [11–13] and arterial 
thrombosis [10, 14, 15]. Other than these case reports, 
there is a paucity of data on the clinical implication of this 
drug interaction.

Our findings indicate that this potential drug–drug 
interaction, suggested by preclinical data on pharmacoki-
netic measures in healthy subjects [7–9], may have serious 
clinical consequences, potentially leading to severe mor-
bidity and mortality. Our findings also provide evidence 
for and endorse the warnings included in the prescribing 
information of these drugs [24, 25].

Current recommendations for apixaban and rivaroxaban 
warn against the use of these medications concomitantly 
with enzyme-inducing drugs. According to European 
Medicines Agency (EMA) guidelines, the use of apixaban 
with strong CYP3A4-inducing drugs should be avoided in 
VTE treatment, but can be used “with caution” in AF and 
VTE prophylaxis [25]. It is not clear what steps should be 
taken in order to minimize the risk of treatment failure in 
AF patients with this drug combination. According to the 
European Cardiology Society, in patients in whom signifi-
cant drug interactions cannot be avoided, drug level meas-
urement can be used to guide therapy [6]. However, these 
guidelines do not specify how drug levels should direct 
dosing, and specifically whether low DOAC levels can be 
an indication for administering higher doses, off-label.

The FAERS database does not include laboratory meas-
ures, such that drug levels amongst patients with and with-
out the drug interaction could not be used as a means to 
support a causal mechanism for the observed associations. 
However, some data suggest that the pharmacokinetic mech-
anisms of enzyme induction and increased metabolism of 
the FXa-DOAC are likely to contribute to treatment fail-
ure. We have previously reported that six of eleven patients 
co-treated with FXa-DOACs and enzyme-inducing drugs 
had DOAC levels lower than the fifth percentile of concen-
trations reported in phase III studies [15]. The association 
between low DOAC levels and clinical failure of antico-
agulant therapy was further suggested in a recent study 
in patients treated with DOACs who were admitted to the 

Table 2  Ischemic or thrombotic event reports and all other adverse 
event reports with FXa-DOACs

Relationship to enzyme-inducing AEDs (ROR 1.86, 95% CI 1.61–
2.15, p < 0.0001)
AED antiepileptic drug, CI confidence interval, FXa-DOACs factor 
Xa-inhibiting direct oral anticoagulants, ROR reporting odds ratio

Ischemic or 
thrombotic 
(TAIAE) 
reports

All other reports Total

Inducing AEDs, n (%) 297 (22.43) 1027 (77.57) 1324
Non-inducing AEDs, n 

(%)
1126 (13.45) 7243 (86.55) 8369

Total, n (%) 1423 (14.68) 8270 (85.32) 9693

Fig. 2  Reporting odds ratio (ROR) of thromboembolic and ischemic 
events in cases with FXa-DOACs and AEDs that are enzyme induc-
ers as compared to other AEDs, for all FXa-DOAC agents and for the 
apixaban and rivaroxaban subgroups. AED antiepileptic drug, FXa-
DOAC factor Xa-inhibiting direct oral anticoagulant
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emergency department with ischemic cerebrovascular acci-
dents (CVAs). Among these patients, the affected size of the 
CVA, defined according to the National Institutes of Health 
Stroke Scale (NIHSS), correlated with DOAC levels meas-
ured on admission [26].

There are several limitations to our study. The study is 
based on a spontaneous adverse event report database and 
is thus susceptible to confounding and bias inherent to this 
methodology. While the FAERS database includes a large 
amount of data on real world outcomes with medications, it 
has limited information on patient characteristics such that 
it is difficult to control for factors which may confound the 
relationship between medication and outcome occurrence 
and reporting, such as risk factors for thromboembolic 
events. To minimize potential bias, we focused our analysis 
on cases reporting both FXa-DOACs and AEDs. In addition, 
the results remained consistent in a multivariable analysis 
adjusting the results for differences in age and sex, as well 
as in sub-analyses by specific FXa-DOACs. Another limita-
tion of the study is that it cannot provide a direct estimate 
of the prevalence of the co-prescribing of FXa-DOACs and 
AEDs, or a direct quantification of the risk of treatment 
failure in patients with this combination, as the FAERS 
database includes only cases reporting adverse events with 
treatment. We also do not know the dose of drug used. It 
remains possible that physicians might increase the dose of 
FXa-DOACs in patients taking enzyme-inducer AEDs, but 
that would only bias our results toward no effect.

In summary, we report an increase in the odds of report-
ing anticoagulation treatment failure among patients treated 
with commonly used AEDs that are enzyme-inducing, using 
real world data. Our study suggests that concomitant use 
of FXa-DOACs, primarily apixaban and rivaroxaban, and 
enzyme-inducing AEDs may result in reduced efficacy of 
treatment and serious thrombotic and ischemic events. Our 
analysis supports recommendations that this drug combina-
tion should be avoided when possible. Potential strategies 
may include changing the antiepileptic medication to a non-
inducing agent or switching DOAC therapy to a different 
DOAC, warfarin or low molecular weight heparin. Further 
research is required to determine the role of these strate-
gies—specifically, switching to a DOAC such as edoxaban 
that may be less affected by inducing AEDs—as well as the 
role of drug concentration-guided DOAC dosing in patients 
in whom treatment with both medications is considered 
necessary.
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