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Abstract
Background Levetiracetam is widely used in post-stroke epilepsy. However, it is suspected to possess P-glycoprotein (P-gp) 
induction properties, and therefore, a potentially significant interaction with direct oral anticoagulants (DOACs). We aimed 
to search for ischemic stroke signals with levetiracetam and the DOACs.
Methods In this retrospective pharmacovigilance study, we used the FAERS database to identify ischemic stroke events 
associated with DOACs and concomitant use of levetiracetam. We evaluated disproportionate reporting by the adjusted 
reporting odds ratio (adjROR) and the lower bound of the shrinkage 95% confidence interval. When shrinkage is positive, 
an increased risk of a specific adverse event occurrence is emphasized over the sum of the individual risks when these same 
drugs are used separately.
Results We identified 1841 (1.5%), 3731 (5.3%), 338 (4.9%), and 1723 (1.3%) ischemic stroke reports with apixaban, dabi-
gatran, edoxaban, and rivaroxaban, respectively. The adjROR of the interaction effect was 3.57 (95% CI 2.81–4.58) between 
DOACs and levetiracetam. The shrinkage analysis detected an interaction between each of the DOACs and levetiracetam. 
The logistic model and shrinkage analysis failed to detect an interaction when queried for hemorrhagic stroke. A significant 
signal in the classical enzyme inducer, carbamazepine, strengthened our results (adjROR; 8.47, 95% CI 5.37–13.36).
Conclusions Our study shows a strong signal for the levetiracetam interaction with the DOACs. Our findings suggest imple-
mentation of a drug monitoring strategy.

Key Points 

Controversy exists regarding P-gp efflux protein induc-
tion with levetiracetam, an interaction that may decrease 
DOACs’ bioavailability.

Clinical guidelines in atrial fibrillation stress the need 
for ‘real-world’ studies to investigate the safety of the 
levetiracetam–DOAC combination.

We demonstrated a probable drug interaction resulting 
in a 3–5-fold increased reporting risk of ischemic stroke 
with a DOAC-levetiracetam combination.

Our findings do not mean that DOACs should not be pre-
scribed with levetiracetam, but suggest that pharmacody-
namic monitoring might be helpful until more evidence 
accumulates.

1 Introduction

Introducing direct oral anticoagulants (DOACs) has sig-
nificantly altered the management of atrial fibrillation 
(AF) due to their improved safety profile and ease of use 
compared with warfarin. Contemporary guidelines pre-
fer DOACs over warfarin for stroke prevention among 
patients with AF, excluding patients with mechanical valve 
replacement or significant mitral stenosis [1]. While there 
is no preference for one specific DOAC over another, in 
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practice, DOACs are personalized according to patient 
age, gastrointestinal bleeding risk, chronic kidney disease, 
and drug interactions [2].

Since stroke is one of the most common structural eti-
ologies of epilepsy, the concomitant use of DOACs and 
an anticonvulsant is not uncommon [3]. Post‐stroke sei-
zures account for 11% of all epilepsy, 22% of all cases of 
status epilepticus, and 55% of newly diagnosed seizures 
amongst older people [4–6]. Since AF is a common cause 
of ischemic stroke, the rate of AF–stroke–epilepsy triplet, 
and thus DOAC-antiseizure medications (ASMs) com-
bined, is not uncommon among older adults [7].

To date, the combination of DOAC and some anti-
convulsants remains controversial. The European Heart 
Rhythm Association (EHRA) 2018 guide did not support 
using anticonvulsants (carbamazepine, levetiracetam, phe-
nobarbital, phenytoin, topiramate, and valproic acid) in 
patients concurrently taking DOACs [8]. The 2021 EHRA 
guide states that after inquiry with the drug manufacturer, 
there is, unfortunately, no study that reliably investigated 
the effect of levetiracetam on DOAC plasma levels and 
clinical events in a sufficiently large ‘real-world’ cohort 
of concomitantly treated patients [9].

A recent registry from Sweden investigated whether 
mortality varies with specific ASMs among patients with 
post-stroke epilepsy. The study concluded that lamotrigine 
monotherapy had significantly lower mortality than car-
bamazepine, while levetiracetam showed lower cardiovas-
cular mortality but did not differ in overall mortality from 
carbamazepine [10].

Levetiracetam is widely used for post-stroke epilepsy 
due to its favorable safety profile and fewer drug inter-
actions. However, concerns regarding the interaction 
between levetiracetam and DOACs are dealt with in case 
reports and cohort studies in the literature. Paciullo et al. 
reported a case in 2020 of a 69-year-old man with AF who 
received rivaroxaban (20 mg/d) and developed a transient 
ischemic attack a few months after initiating levetiracetam 
for the indication of focal seizure prevention [11]. Specific 
anti-Xa activity for rivaroxaban found a zero-trough level 
immediately before rivaroxaban administration.

In 2020, Giustozzi et al. illustrated in a small prospective 
study (n = 91) that patients with non-valvular AF treated 
with DOACs and anticonvulsants appear to have a relatively 
high rate of thromboembolic events [12]. A similar conclu-
sion was drawn in a nested case-control study supporting a 
diminished anticoagulant effect when combining DOACs 
with levetiracetam [13].

Therefore, our study aimed to investigate reports to the 
Federal Drug Agency (FDA) regarding ischemic and non-
ischemic stroke with and without levetiracetam combination 
in patients with AF treated with DOACs.

2  Methods

An observational, retrospective pharmacovigilance study 
was carried out using the FDA Adverse Event Reporting 
System (FAERS) database, a global repository of voluntary 
reports by healthcare professionals and consumers, and 
mandatory reports from manufacturers [14]. The database 
was screened for reports containing the following terms in 
their brand or generic names: ‘rivaroxaban,’ ‘apixaban,’ 
‘dabigatran,’ ‘dabigatran etexilate mesylate,’ ‘dabigatran 
etexilate,’ ‘edoxaban,’ ‘edoxaban mesylate,’ ‘edoxaban 
tosylate,’ ‘enoxaparin,’ ‘enoxaparin sodium,’ ‘heparin,’ 
‘heparin sodium,’ ‘heparin calcium,’ ‘levetiracetam,’ ‘war-
farin,’ ‘warfarin sodium,’ ‘warfarin potassium,’ ‘carbamaz-
epine,’ and ‘omeprazole.’ Omeprazole and carbamazepine 
are, respectively, negative and positive controls in this study.

The study included patients reported as the primary sus-
pects for a given adverse event (AE) when novel antico-
agulants accessed the market (2012–2023). In case multiple 
reports of the same event were detected, only the latest case 
version of every event was retained, as recommended by the 
FDA. We further applied a population-linkage program to 
detect suspected duplicate reports of the same drug–event 
pair with different case numbers by screening for identi-
cal values in six key fields: age, sex, event date, country of 
occurrence, concomitant medications, and the same reasons 
for use. These suspected duplicate reports were excluded.

The database was then searched for the following adverse 
events in their Medical Dictionary for Regulatory Activities 
(MedDRA) preferred terms: ‘ischemic stroke,’ ‘hemorrhagic 
stroke,’ ‘cerebral hemorrhage,’ ‘intracranial hemorrhage,’ 
‘cerebrovascular accident,’ ‘lacunar stroke,’ ‘cerebellar 
stroke,’ ‘cerebral artery occlusion,’ ‘basal ganglia stroke,’ 
‘vertebrobasilar stroke,’ ‘brain stem stroke,’ ‘thrombotic 
stroke,’ and ‘embolic stroke.’ Those adverse events either 
denote a lack of effectiveness or toxicity. Detailed lists of 
terms included in our database query are available at http:// 
biopo rtal. bioon tology. org/.

The data were then filtered by the DOAC’s reason for 
use: embolic stroke in AF patient treatment and prevention. 
The dataset was then queried for cases with concomitant 
anticonvulsants used. Cases involving anticonvulsants were 
identified by a predefined list of anticonvulsant medications 
constructed using the FDA National Drug Code (NDC) file 
[15]. Only patients above the age of 12 years and cases with 
one reported anticonvulsant were included.

2.1  Study End Points

The predefined primary endpoint was any MedDRA-pre-
ferred term describing ischemic stroke. Additional informa-
tion for each report in the database, including demographic 

http://bioportal.bioontology.org/
http://bioportal.bioontology.org/
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information (country, reporter occupation, reporting year, 
age, and sex), concomitant anticonvulsant uses, and date 
of AE occurrence and its outcomes, were collected for the 
analysis. Cases were defined as serious medical events if 
one or more of the following outcomes were reported: death, 
life-threatening event, hospitalization, disability, or another 
serious medical event.

2.2  Statistical Analysis

Descriptive statistics were calculated for patient demograph-
ics. Means and standard deviations were generated for con-
tinuous variables. Frequencies and proportions were stated 
for categorical variables. A validated case–non-case method 
in drug safety research assessed whether ischemic and non-
ischemic strokes were reported more frequently with the 
DOACs: apixaban, edoxaban, rivaroxaban, or dabigatran, 
compared with warfarin and enoxaparin/heparin. We further 
analyzed each of the DOACs compared with the other three 
for reported ischemic stroke. Each of the DOACs compared 
with all other DOACs aids in neutralizing confounding fac-
tors of the levetiracetam drug interaction, since cases with 
the combination of levetiracetam and a DOAC were com-
pared with other cases of ischemic stroke with levetiracetam 
and other DOACs.

A logistic regression model obtained an adjusted report-
ing odds ratio (adj.ROR). The regression model included 
age, sex, and concomitant levetiracetam use. The ROR is a 
statistical model surrogate to the odds ratio and is an accept-
able method to detect signals of adverse events and drug 
interactions [16, 17]. Missing sex data were coded as ‘Not 
Specified,’ and the median value imputed missing age data 
in each group of drug recipients. R-squared and adjusted 
R-squared were used to assess model fitness. The ROR for 
the variable levetiracetam was used to measure the strength 
of the association of the drug interaction.

Additionally, a refined model called the Ω shrinkage 
measure was used to calculate the observed-to-expected for 
detecting signals of potential drug–drug interactions (DDIs). 
Omega Ω is a robust observed-to-expected triplet measure of 
disproportionate reporting developed by the Uppsala Moni-
toring Centre [17, 18]. When Ω is positive, and two drugs 
are used together, an increased risk of a specific adverse 
event occurrence is emphasized over the sum of the indi-
vidual risks when these same drugs are used separately [18]. 
Thus, Ω025 > 0, a positive lower bound of 95% CI, is used as 
a threshold for detecting the signals of the concomitant use 
of drug  D1 and drug  D2 [17]. In other words, it indicates the 
frequency of reporting specific drug–drug–event triplets in 
the dataset compared with what is expected on the basis of 
the relative reporting for each drug alone (see Eq. 1).

where ∅(0.975) is the standard normal distribution and n111 
is the number of cases with the drug–drug–event triplet.

The logistic regression analyses were performed using 
SPSS version 27. Two-sided P < 0.05 indicated significance. 
Shrinkage calculation steps were inputted in Microsoft Excel 
version 2022. Noguchi et al. 2019 described the complete 
shrinkage calculation [17].

2.3  Sensitivity Analysis

First, we examined whether the drug interaction also mani-
fests as hemorrhagic stroke. A model for hemorrhagic stroke 
comparing each of the DOACs, apixaban, rivaroxaban, and 
dabigatran, against the other two was performed. Edoxaban 
was not included in this analysis since there were no reports 
of hemorrhagic events with the levetiracetam–edoxaban 
combination.

A sensitivity analysis for the levetiracetam drug inter-
action included two drug combinations: apixaban–car-
bamazepine and apixaban–omeprazole. The former drug 
interaction is well established. Carbamazepine is known to 
induce P-glycoprotein and CYP3A4, thus reducing apixaban 
effectiveness (FDA and European Medical Agency physi-
cian guidance; [19, 20]). The EHRA guide recommends that 
strong inducers of P-gp and/or CYP3A4 (carbamazepine) 
will markedly reduce DOAC plasma levels; concomitant 
use with DOACs should be avoided or used with great cau-
tion and surveillance [9]. In contrast to carbamazepine, the 
combination of apixaban and omeprazole is widespread and 
considered safe without any known or potential drug interac-
tion [21].

In an additional analysis, we further stratified DOACs by 
publication date up to 2020, aiming to mitigate reporting 
bias. We hypothesized that from 2020 onward, increased 
reports regarding DOACs and ischemic stroke may be 
expected, since the publication by Giustazzi et al. showed 
decreased effectiveness with concomitant DOAC–anticon-
vulsant use. Rivaroxaban was selected for further analysis 
since most patients in the Giustazzi et al. study were treated 
with rivaroxaban, and more case reports were published 
regarding rivaroxaban [12].

Further, we re-analyzed our results for the period 
2015–2023 to account for the fact that during 2010–2014, a 
trial had been ongoing against Boehringer Ingelheim, dabi-
gatran’s manufacturer [22]. Thus, to mitigate any additional 
negative reporting bias, we analyzed our data excluding 
2012–2014.

(1)Ω(0.25) = Ω −
∅(0.975)

log2
√

n111
,
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2.4  Standard Protocol Approvals, Registrations, 
and Patient Consents

The FAERS Public Dashboard is a publicly available web-
based tool containing mandatory data reports from drug 
manufacturers and voluntary ADR reports from consumers 
and healthcare professionals. Hence, an informed consent 
or ethical statement of approval by an ethical standards 
committee on human experimentation is not required for 
analysis.

3  Results

3.1  Demographics and Patient Characteristics

The FAERS database included 19,609,956 unique safety 
reports from January 2012 to January 2023. Of these 
reports, 125,799 were for apixaban, 69,993 for dabigatran, 
6965 for edoxaban, and 136,710 for rivaroxaban. Among 
eligible patients in the FAERS database that reported any 
of the MedDRA preferred terms for ischemic stroke are 
1841 (1.5%), 3731 (5.3%), 338 (4.9%), and 1723 (1.3%), 
treated with apixaban, dabigatran, edoxaban, and rivaroxa-
ban, respectively. In contrast, reports that described hemor-
rhagic stroke included 3016 (2.2%), 1346 (1.1%), and 1256 
(1.8%) for rivaroxaban, apixaban, and dabigatran, respec-
tively. An additional 464 (0.53%) and 383 (6.9%) ischemic 
stroke cases were identified among warfarin and enoxaparin/
heparin-treated patients, respectively.

The proportion of men was significantly higher in both 
adverse events. The mean age for apixaban-treated patients 
was 77 ± 10 years, substantially older than the other three 
DOACs. Warfarin and enoxaparin/heparin patients were 
younger with a mean age of 69 ± 10 years and 72 ± 13 years 
and did not differ by sex from the DOACs. Hemorrhagic 
stroke resulted in poorer outcomes and more mortality com-
pared with ischemic stroke (Table 1).

Concomitant levetiracetam reports and percentages of 
the total in each anticoagulant were as follows: 122 (0.1%) 
in apixaban, 142 (0.2%) in dabigatran, 20 (0.3%) in edoxa-
ban, 168 (0.1%) in rivaroxaban, 5 (0.9%) in warfarin, and 45 
(0.8%) in enoxaparin/heparin. The number of reports with 
the DOAC–levetiracetam–adverse event triplet is listed in 
Table 1.

3.2  Ischemic Stroke

The DOACs did not differ from enoxaparin or heparin in 
the disproportionality analysis for ischemic stroke (adj.
ROR; 1.14, 95% CI, 1.01–1.28). The adjusted ROR of the 

interaction effect was 3.57 (95% CI, 2.81–4.58) between 
DOACs and levetiracetam, supporting a significant interac-
tion. When warfarin was chosen as the comparator, the adj.
ROR of the interaction was like enoxaparin/heparin (adj.
ROR; 4.07, 95% CI, 3.23–5.15). The DOACs demonstrated a 
higher adj.ROR for ischemic stroke than warfarin (adj.ROR; 
16.7, 95% CI, 14.8–18.7).

When comparing each DOAC separately, apixaban and 
rivaroxaban demonstrated the least disproportionality for 
ischemic stroke (adj.ROR; 0.44, 95% CI, 0.41–0.47) and 
(adj.ROR; 0.35, 95% CI, 0.33–0.37), respectively. A sig-
nificant disproportionality signal was identified for ischemic 
stroke in dabigatran (adj.ROR 3.69; 95% CI, 3.50–3.88) and 
in edoxaban (adj. ROR 1.85; 95% CI, 1.58–2.16) AF users 
(Table 2).

3.3  DOAC–Levetiracetam Drug–Drug Interactions

Apixaban, dabigatran, edoxaban, and rivaroxaban illustrated 
a significant signal for the drug interaction in the regression 
model. The strength of association seems higher in edoxa-
ban (adj.ROR 5.59; 95% CI, 4.23–7.39). In comparison, the 
strength of association was slightly lower with rivaroxaban 
(adj.ROR 3.69; 95% CI, 2.92–4.67).

When queried for ischemic stroke, Ω0.25 was greater than 
zero for apixaban, dabigatran, and rivaroxaban, demonstrat-
ing an interaction with levetiracetam (Fig. 1). The magni-
tude of Ω0.25 was similar for the three DOACs. An interac-
tion between levetiracetam and enoxaparin/heparin was not 
detected, with Ω0.25 < 0.

3.4  Non‑Ischemic Stroke–Hemorrhage

A significant disproportionality signal was identified for 
hemorrhagic stroke in rivaroxaban AF patients compared 
with apixaban and dabigatran (adj.ROR 1.46; 95% CI, 
1.38–1.55) (Table 3). Dabigatran demonstrated a signifi-
cantly lower adj.ROR for hemorrhagic stroke than the other 
DOACs, (adj.ROR 0.75; 95% CI, 0.70–0.78). Apixaban did 
not differ significantly from rivaroxaban and dabigatran.

The regression model queried for hemorrhagic stroke 
did not detect an interaction with levetiracetam. Likewise, 
the shrinkage analysis was negative for apixaban and 
rivaroxaban, detecting no interaction. The concomitant 
use of levetiracetam and the two DOACs does not seem 
to increase the risk of intracerebral bleeding reports. The 
shrinkage analysis tested positive for dabigatran (Fig. 1).

Contrary to the shrinkage analysis, the regression model 
did not detect signals for dabigatran–levetiracetam–hemor-
rhagic stroke triplet (adj.ROR 1.07; 95% CI, 0.90–1.28).
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3.5  Sensitivity Analysis

In sensitivity analysis, we could not detect changes in dis-
proportionality by publication date. The model detected 
signals in the positive control carbamazepine but not in 
the negative control omeprazole (Table 4).

4  Discussion

The current analysis is an expansion of a FAERS analy-
sis by Perlman et al., concluding that enzyme-inducing 
ASMs were associated with an 86% increase in the odds 
of reporting thromboembolic and ischemic adverse events 

Table 1  Characteristics and demographics of levetiracetam and DOAC users with associated ischemic and non-ischemic stroke AEs in patients 
with AF

Top figures for ischemic stroke, bottom figures for hemorrhagic stroke. Numbers in brackets are percentages of ischemic stroke events
AEs adverse events, AF atrial fibrillation, DOAC direct oral anticoagulants, N/R not reported

(No. of total AEs) Rivaroxaban
(136,710)

Apixaban
(125,799)

Dabigatran
(69,993)

Edoxaban
(6,965)

P-value

Total AEs –
 Ischemic stroke 1723 (1.3) 1841 (1.5) 3731 (5.3) 338 (4.9)
 Hemorrhagic stroke 3016 (2.2) 1346 (1.1) 1256 (1.79) –

Age ± SD 73.6 ± 13.2 76.9 ± 9.9 73.7 ± 10.6 74.5±11.5 < 0.001, 0.94
Sex < 0.001
 Female 794 (46.1) 772 (46.5) 1478 (40.1) 46 (13.6)

1287 (42.7) 553 (41.1) 518 (41.2) –
 Male 823 (47.8) 791 (47.7) 1881 (51.1) 51 (15.0)

1641 (54.5) 737 (54.8) 683 (54.4) –
 Not specified 106 (6.2) 97 (5.8) 325 (8.8) 241 (71.3)

88 (2.9) 28 (4.2) 55 (4.4) –
No. concomitant  drug-AE –
 Levetiracetam ischemic 34 (2.0) 32 (1.7) 33 (0.9) 4 (1.2)
 Levetiracetam hemorrhagic 14 (0.5) 10 (0.7) 13 (1.0) N/R

Mortality outcome < 0.001
 Ischemic stroke
  DOAC alone 305 (11.8) 111 (6.0) 451 (7.7) 23 (6.8)
  DOAC-levetiracetam 1 (0.04) 4 (0.2) 12 (0.2) 0 (0)

 Hemorrhagic stroke
  DOACs alone 1552 (56.9) 488 (36.3) 588 (46.8) –
  DOAC-levetiracetam 20 (0.7) 4 (0.3) 7 (0.6) N/R

Publication date < 0.001
 2012–2013 141 (8.2) 16 (0.87) 971 (26.0) 446 (6.4)

0 (0) 7 (0.5) 305 (24.3)
 2014–2015 355 (20.6) 201 (10.9) 749 (20.1) 1526 (21.9)

339 (11.2) 8 (0.6) 276 (21.0)
 2016–2017 571 (33.1) 408 (22.2) 582 (15.6) 1832 (26.3)

1072 (35.5) 313 (23.3) 215 (17.1)
 2018–2019 383 (22.2) 493 (26.8) 725 (19.4) 1651 (23.7)

689 (22.8) 584 (43.4) 249 (19.8)
 2020–2021 244 (14.2) 386 (21.0) 458 (12.2) 1468 (21.1)

854 (28.3) 313 (23.2) 115 (9.2)
 2022–2023 29 (1.68) 157 (8.5) 99 (2.7) 72 (1.0)

62 (2.1) 120 (8.9) 11 (0.9)
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(ROR; 1.86, 95% CI 1.61–2.15) [23]. Here, we show a 
3–5-fold increased risk of ischemic stroke reporting with 
the DOAC–levetiracetam combination. The interaction 
was confirmed using two methods accepted by regulators 
worldwide, suggesting a robust and significant finding.

The mechanism of the DDI is still not elucidated. 
There is controversy regarding cytochrome P450 or 

P-gp-inducting properties of levetiracetam. Preclinical 
studies suggest that levetiracetam reduces DOAC levels 
via P-glycoprotein induction, an efflux protein that reduces 
the bioavailability of DOACs [8, 9]. However, leveti-
racetam is not considered a classical inducer [9].

Nevertheless, there has been extensive concern regard-
ing the interaction between levetiracetam and the DOACs. 
The 2021 European Heart Rhythm Association (EHRA) 
guide on the use of non-vitamin K antagonist oral antico-
agulants in patients with atrial fibrillation recommends 
caution in the use of the ASM levetiracetam due to poten-
tial P-glycoprotein-mediated drug–drug interaction [8, 9].

Apixaban, dabigatran, edoxaban, and rivaroxaban are all 
substrates of the efflux transporter P-gp. Our analysis dem-
onstrated an interaction with all four DOACs, with a 3–5-
fold increased risk of stroke with some variability among 
the DOACs. Rivaroxaban showed the weakest association, 
probably because of its high baseline bioavailability com-
pared with other DOACs [24].

Table 2  Signals of Ischemic Stroke and Anticoagulants–Levetiracetam Drug Interaction in Patients with AF.

The first row illustrates the four DOACs compared with enoxaparin. The rows below compared each of the DOACs with the other three head-to-
head
AF atrial fibrillation, DDI drug-drug interaction, DOAC direct oral anticoagulant, ROR reporting odds ratio

Drug ROR (95% CI) Adjusted ROR (95% CI) ROR (95% CI ) for 
DDI

All DOACs versus other anticoagulants
 Enoxaparin 1.05 (0.94–1.18) 1.14 (1.01–1.28) 3.57 (2.81–4.58)
 Warfarin 14.7 (13.4–16.2) 16.7 (14.8–18.7) 4.07 (3.23–5.15)

DOACs head-to-head
 Apixaban 0.44 (0.41–0.46) 0.44 (0.41–0.47) 4.61 (3.62–5.89)
 Dabigatran 3.54 (3.38–3.70) 3.69 (3.50–3.88) 4.34 (3.41–5.52)
 Edoxaban 1.77 (1.58–1.98) 1.85 (1.58–2.16) 5.59 (4.23–7.39)
 Rivaroxaban 0.36 (0.35–0.39) 0.35 (0.33–0.37) 3.69 (2.92–4.67)

Fig. 1  Shrinkage Analysis for 
the Anticoagulants–Leveti-
racetam Interaction. Ω025 > 0, 
a positive lower bound of 95% 
CI, is used as a threshold for 
detecting the signals of the 
concomitant use of the direct 
oral anticoagulants and leveti-
racetam. A positive shrinkage 
was noticed for ischemic in 
the concomitant use of either 
apixaban, dabigatran, and rivar-
oxaban with levetiracetam. A 
negative shrinkage was detected 
for hemorrhagic stroke and the 
concomitant use of apixaban or 
rivaroxaban with levetiracetam

Table 3  Secondary Outcome Signals of Hemorrhagic Stroke and the 
DOACs–Levetiracetam DDI in Patients with AF

AF atrial fibrillation, DDI drug-drug interaction, DOAC direct oral 
anticoagulant, ROR reporting odds ratio

Adjusted ROR (95% CI) ROR (95% CI) for 
DDI

Rivaroxaban 1.46 (1.38–1.55) 0.98 (0.82–1.18)
Dabigatran 0.75 (0.70–0.78) 1.07 (0.90–1.28)
Apixaban 0.95 (0.88–1.01) 1.10 (0.93–1.32)
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The results of our study are supported by a large Infor-
mation System for Research in Primary Care (SIDIAP) 
database, which demonstrated a significant association of 
increased ischemic stroke with levetiracetam, OR 95% CI 
values 4.1 (3.3–5.2) [25].

Recent pharmacokinetic studies suggest there is no 
such potential drug interaction. In a case study published 
by Menichelli et al. a 54-year-old male patient with AF, 
cirrhosis, and seizures showed no significant reduction in 
dabigatran plasma concentration when used alongside leveti-
racetam [26]. Another recent small PK study by Mavri et al. 
analyzed 21 patients concurrently receiving levetiracetam 
and DOACs, with 19 having atrial fibrillation and 2 hav-
ing venous thromboembolism [27]. Blood samples were 
collected to measure trough concentrations of DOACs and 
levetiracetam. The results showed that none of the patients 
experienced thromboembolic events during the observa-
tion period of 1388 ± 994 days. Furthermore, there was no 
reduction in DOAC plasma levels during levetiracetam treat-
ment, suggesting that levetiracetam may not significantly 
affect DOAC concentrations.

However, this study has two important limitations: DOAC 
trough levels are highly variable. Hence, the area under the 
curve must be analyzed to rule out the P-gp induction effect 
on plasma levels with and without levetiracetam. Second, 
the average trough levels of levetiracetam in that study 
(31.0 ± 34.5 mg/L) were higher than expected. Yet, the 
standard deviation may not ensure that all DOAC patients 
were adequately exposed to levetiracetam. In the literature, 
the lower bound confidence interval for levetiracetam con-
centrations is at least 15 mcg/mL [28].

Another retrospective cohort study published by Ip et al. 
evaluated the risk of thromboembolism in patients taking 
direct oral anticoagulants concurrently with antiseizure 
medications that modulate the cytochrome P450 or P-glyco-
protein systems, including levetiracetam. While CYP/P-gp-
modulating antiseizure medications were associated with an 
increased risk of ischemic stroke in the overall analysis, no 
difference in thromboembolism risk or death was observed 
in the epilepsy subgroup using levetiracetam [29].

Earlier studies on levetiracetam showed no alterations 
in plasma concentrations of other P-glycoprotein substrates 
such as digoxin [30, 31]. Therefore, it may also be reason-
able to investigate pharmacodynamic interactions. Our 
shrinkage analysis did not detect an interaction with heparin/
enoxaparin that resulted in bleeding or ischemic stroke, thus 
weakening the proposal of a pharmacodynamic interaction. 
We hypothesized that interactions involving protein coagu-
lants would be revealed with heparin/enoxaprin.

Piracetam, a molecule similar in structure to leveti-
racetam, has been shown to have anticoagulant properties 
[32]. Our analysis did not show an increase in the reporting 
ratio of hemorrhagic stroke, defined as major bleeding, not 
supporting any levetiracetam anticoagulant properties, or 
increased bleeding.

It is worthwhile to note that dabigatran demonstrated a 
positive shrinkage signal for hemorrhagic stroke with the 
concomitant use of levetiracetam. However, the logistic 
regression failed to support any drug–drug interaction. A 
retrospective cohort of patients from Taiwan on DOACs and 
11 different anticonvulsants reported an increased associa-
tion of bleeding with concomitant prescription of phenytoin, 

Table 4  Sensitivity Analysis for DOAC DDI for Ischemic or non-Ischemic Stroke in Patients with AF

AF atrial fibrillation, DDI drug–drug interaction, DOAC direct oral anticoagulant, ROR reporting odds ratio

Drugs ROR (95% CI) for 
DDI

Shrinkage 
analysis 
(Ω0.25)

Rationale

Apixaban–carbamazepine 8.47 (5.37–13.36) +1.97 Positive control: the concomitant use of apixaban with strong 
CYP3A4 and P-glycoprotein inducers such as carbamaze-
pine, may lead to a ~ 50% reduction in apixaban exposure. In 
a clinical study of AF patients, diminished efficacy was noted 
[19]. The lower bound CI > 1 and Ω0.25 > 0 for ischemic 
stroke detecting a signal

Apixaban–omeprazole 1.13 (0.98–1.33) −0.45 Negative control: no interaction is documented to date; hemor-
rhagic stroke ROR is non-significant. The lower bound CI < 
1 and Ω0.25 < 0

Publication date
 Rivaroxaban–levetiracetam 2012-2020 3.51 (2.27–5.43) +2.30 First, in 2020, Guistozzi et al. [12] illustrated that patients with 

non-valvular AF treated with rivaroxaban and levetiracetam 
appear to have a relatively high rate of thromboembolic 
events. Thus, the data was re-analyzed for 2012–2020

 Dabigatran–levetiracetam 2015–2023 3.14 (2.28–3.42) +1.31 Second, a lawsuit occurred over Pradaxa® (dabigatran’s trade 
name) from 2010 to 2014 [22, 38]. An additional analysis 
excluding that period did not significantly alter the results
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valproic acid, or levetiracetam. The results were explained 
by an increased risk of renal failure with levetiracetam [33].

Although an interaction may exist between DOACs and 
levetiracetam, this does not mean physicians should stop 
prescribing the combination for post-stroke epilepsy. Leveti-
racetam is considered a newer and safer anticonvulsant [34]. 
We recommend implementing a drug monitoring strategy as 
a solution for this drug interaction.

Whether the interaction is pharmacokinetic or pharma-
codynamic also has clinical implications for therapeutic 
drug monitoring. Naturally, a pharmacokinetic interaction 
is best monitored by plasma levels of DOACs. In contrast, 
anti-Xa for apixaban and rivaroxaban and the plasma diluted 
thrombin time for dabigatran would be more suitable for a 
pharmacodynamic interaction [22, 35].

Regarding evidence-based monitoring methods, Gold-
stein et al. examined the impact of cytochrome P450- and 
P-glycoprotein-inducing antiseizure medications on the 
pharmacokinetics of direct oral anticoagulants compared 
with rifampicin (a powerful inducer of DOACs elimina-
tion) [36]. They suggested monitoring DOAC plasma con-
centrations as a helpful strategy to guide dosing and identify 
patients at risk for low DOAC concentrations and treatment 
failure when taking enzyme-inducing antiseizure medica-
tions. In the event our findings are confirmed in further stud-
ies and the mechanism for the levetiracetam interaction is 
fully understood, pharmacodynamic monitoring would be 
preferred.

4.1  Strengths and Limitations

The major strengths of our study are utilizing a worldwide 
database, an analysis using two well-validated methods for 
signal detection, performing an extensive sensitivity analy-
sis to challenge our model and mitigate reporting bias, and 
finally, suggesting pharmacological mechanisms that can 
explain the findings.

An essential limitation of the study is that patients 
treated with a DOAC and levetiracetam may be prone 
to a second stroke event. Thus, to minimize confound-
ing by indication, our logistic regression model compared 
the effect of levetiracetam on one DOAC compared with 
the others; the comparator group for the interaction also 
reports that included DOAC–levetiracetam with probably 
similar risk factors, minimizing non-drug effects.

Another limitation is that some adverse events are likely 
not reported to national authorities for inclusion in the 
FAERS. This was mitigated by collecting data from all 
countries from 2012 to 2023. Although concomitant drug 
use was accounted for in our analysis, it is challenging to 
determine with certainty the sequence of medication use 
owing to missing data and temporality being associated 
with an adverse event rather than a drug.

Lamotrigine is an alternative medication to post-stroke 
epilepsy. Its use for that indication is seemingly low, prob-
ably due to potential cardiac sodium channel blockage 
[37]. Thus, we could not detect ischemic stroke reports 
in DOACs combined with lamotrigine. Therefore, we 
used omeprazole as our negative control, which is usu-
ally prescribed to prevent gastrointestinal bleeding with 
DOACs. The analysis could not detect a drug interaction 
with DOACs and omeprazole, but detected a significant 
signal in the classical enzyme inducer carbamazepine, 
which strengthened our results (adjROR; 8.47, 95% CI 
5.37–13.36).

There were no reports of intracranial bleeding with the 
concomitant use of levetiracetam and edoxaban, limit-
ing the directional analysis for edoxaban–levetiracetam 
interaction. Although the regression model and shrink-
age analysis detected an interaction with edoxaban, a dis-
crepancy in their magnitudes was noted. This could be 
explained by a high proportion of ischemic stroke reports 
and a low number of non-cases reporting concomitant 
levetiracetam use, which emphasized this variable in the 
regression model.

The FAERS database for dabigatran shows a peak, with 
high report rates between 2011 and 2014, which could be 
due to a trial against dabigatran’s manufacturer and negative 
publicity in those years [22, 38]. To account for this, we re-
analyzed the data excluding 2010–2014, but the signal for 
ischemic events and the levetiracetam drug interaction did 
not significantly change.

Our results also show that dabigatran has the lowest adj.
ROR for hemorrhagic stroke, a reciprocal image of the high 
reporting on ischemic stroke, which suggests the robustness 
of the model used. In the literature, dabigatran does not seem 
to differ in effectiveness from the other DOACs, but is asso-
ciated with lower risk of major bleeding [39].

Although we could detect a signal for ischemic stroke 
in the DOACs compared with warfarin, a literature review 
does not support the results [40–42]. This could be explained 
by lead time bias, confounding by indication, and report-
ing bias. Moreover, patients being treated with warfarin 
have major comorbid conditions, which might constrict the 
use of DOACs, such as end-stage renal disease or valvular 
atrial fibrillation [42]. Overall, the comparator choice did not 
significantly affect the strength of association of the leveti-
racetam–DOAC interaction.

While the FAERS database includes a large amount of 
data on real-world adverse events with medications, it has 
limited information on patient characteristics, making it 
difficult to control for factors that may confound the rela-
tionship between medication and outcome occurrence and 
reporting, such as stroke risk factors. The results remained 
consistent regardless of comparator choice, following strati-
fications and head-to-head DOAC comparison, emphasizing 
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the robustness of such real-world studies. Moreover, a retro-
spective cohort study by Perlman et al. illustrated a similar 
strength of association to the current research with enzyme-
inducing ASMs. DOAC concentrations below the expected 
range were 5.82-fold higher than patients who did not use 
enzyme-inducing ASMs [43].

Another limitation of the study is that it cannot provide 
a direct estimate of the prevalence of the co-prescribing of 
FXa-DOACs and ASMs, as the FAERS database includes 
only cases reporting adverse events with treatment. In addi-
tion, reports lack dosage information.

Limitations to spontaneous reporting (e.g., underreport-
ing) exist as well. However, despite its flaws, analyzing phar-
macovigilance databases remains a cornerstone for studying 
adverse drug reactions and drug interactions by regulators 
and contributes majorly to drug labels.

4.2  Conclusions and Clinical Implications

We show a strong signal for the levetiracetam interaction 
with apixaban, dabigatran, edoxaban, and rivaroxaban. The 
interaction is demonstrated by a 3–5-fold increased report-
ing risk of ischemic stroke. Our findings do not mean that 
DOACs should not be prescribed levetiracetam, but sug-
gest a need for pharmacodynamic monitoring until more 
evidence accumulates. Monitoring either anti-Xa for apixa-
ban, edoxaban, and rivaroxaban or plasma diluted thrombin 
time for dabigatran while concomitantly prescribing leveti-
racetam with the DOACs when the two drugs are at a steady 
state could be helpful.
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