
The coronavirus disease-2019 (COVID-19) pandemic is an 
unprecedented situation in which many people across the 

globe are being treated, within a relatively short period, with 
medications whose efficacy against the medical condition is un-
known. Currently used medications include repurposed drugs 
such as dexamethasone, antiretroviral protease inhibitors, and to-

cilizumab, as well as experimental agents (e.g., remdesivir) [1-3]. 
In people with epilepsy (or those who experience 

COVID-19-related acute symptomatic seizures), both COVID-19 
infection and its management might be complex due to potential 
effects of anti-COVID-19 drugs on seizure control, immunomod-
ulation by anti-seizure medications (ASMs), effects of infection 
and inflammation on drug pharmacokinetics, and drug-drug 
interactions (DDIs). DDIs with antiretroviral drugs have been 
described in an evidence-based guideline of the Internation-
al League Against Epilepsy (ILAE) and American Academy of 
Neurology (AAN) [4]. The American Epilepsy Society (AES) [5] 
and the ILAE [6] provide resources for epilepsy clinicians who 
treat patients with COVID-19, and a recent review has described 
drug considerations in managing COVID-19 patients with epilep-
sy [7]. However no guidelines are yet available for the pharmaco-
logical treatment of such patients. 

The board of the Israeli League Against Epilepsy (the Israeli 
Chapter of ILAE) prepared a guide document that summarizes 
key principles for investigational COVID-19 drug treatment in 
epilepsy patients with a focus on potential DDI and drug-dis-
ease interactions. The goal of this document is to inform phy-
sicians of potential considerations related to combinations of 
drugs for the treatment of epilepsy and COVID-19 based on 
currently available knowledge. 

We gained information on drug pharmacokinetics, adverse 
drug reactions, and immunomodulation from their U.S. Food 
and Drug Administration (FDA)-approved labels and PubMed 
searches for all COVID-19 drugs-ASM combinations and for 
combinations of the term "COVID-19" or "immune" with "epi-
lepsy", "antiepileptic drug", or "antiseizure medication".



The ASM list included drugs whose potential DDIs were pre-
viously analyzed by us [8] (retigabine and tiagabine were not in-
cluded in the current anaylsis), as well as brivaracetam, cannabi-
diol, cenobamate, clobazam, diazepam, everolimus, midazolam, 
and propofol. The anti-COVID-19 drug list was based on the 
U.S. National Institutes of Health (NIH) treatment recommen-
dations [2] and included lopinavir/ritonavir, chloroquine or hy-
droxychloroquine, azithromycin, remdesevir, direct-acting oral 
anticoagulants (apixaban, bretixaban, dabigatran, rivaroxaban), 
corticostroids (dexamethasone, prednisone, methylpredniso-
lone), tocilizumab, anakinra, sarilumab, siltuximab, interferons 
alfa and beta, baricitinib, ruxoltinib, tofacitinib, zanubrutinib, 
ibrutinib, and acalabrutinib.

An ad hoc committee consisting of all members of the ILAE 
Israeli Chapter board (three pediatric epileptologists, three 
adult epileptologists, and a pharmacist) reviewed the data and 
discussed them to create an initial version (in Hebrew) of the 
recommendations. The initial version was approved by all com-
mittee members on 29 March 2020 and distributed to profes-
sional organizations in Israel. The current version also refers  to 
aspects other than DDIs and includes medications that were in-
trocuded for the treatment of COVID-19 after the distribution of 
the initial document (anticoagulants and dexamethasone).

The majority of current anti-COVID-19 treatments have not been 
directly implicated in seizure exacerbation. Exceptions are chlo-
roquine and hydroxychloroquine, which might increase the risk 
of seizures, although reports are rare and anecdotal [5]. The liquid 
formulation of lopinavir/ritonavir (Kaletra) contains 42.4% eth-
anol and 15.3% propylene glycol, with the latter rarely inducing 
breakthrough seizures [5]. Corticosteroids and the adrenocorti-
cotrophic hormone (ACTH) are used for the treatment of infan-
tile spasms [9], but rare withdrawal seizures have been described 
after discontinuation of steroid therapy [10]. Anakinra and tocili-
zumab are emerging as potential therapies for immune-inflamma-
tory-mediated epileptic encephalopathies [11,12]. 

Immunomodulation is involved in the therapeutic effects of can-
nabidiol, everolimus, and corticosteroids [13], and ASMs can 
exert immunomodulating activities other than induction of hy-
persensitivity reactions. However, the data are conflicting and 
mostly relate to older-generation ASMs. ASMs, including val-
proic acid, carbamazepine, phenytoin, and vigabatrin, modulate 

Phenytoin has been shown to alter the levels of immunoglobu-
lins. The findings related to carbamazepine’s effects on immu-

noglobulin levels are inconsistent. ASMs can additionally affect 
the number of T and B lymphocytes and their function [13]. 
Case reports have associated treatment with sirolimus or evero-
limus with pneumonitis [14,15]. It  is currently unknown wheth-
er these effects translate into potential modulation by ASMs of 
COVID-19 disease course and treatment outcomes.

Patients with epilepsy who are being treated with ASMs, espe-
cially EIASMs, often have low concentrations of 25-hydroxyvi-
tamin D [25(OH)D]). Low 25(OH)D levels have been linked to 
susceptibility and severity of COVID-19 infection [5], although 
this relationship has yet to be established. 

COVID-19 can affect multiple organs, including those involved in 
drug absorption and elimination [16,17]. Particularly, impaired he-
patic and renal function in critically ill patients may require ASM 
dosing adjustment [7]. Extracorporeal membrane oxygenation 
(ECMO) can increase drug volume of distribution and extend 
their elimination half-life. Alternatively, drugs may be seques-
tered in the ECMO circuit, resulting in reduction in their plasma 
concentrations (e.g., benzodiazepines, phenytoin, propofol, and 
phenobarbital) [18]. In addition, increased cytokine concentra-
tions characterizing infection or inflammation can downregulate 
drug-metabolizing enzymes that play key roles in ASM elimina-
tion, including cytochrome P450 (CYP) isozymes 3A4, 2C9, and 
several uridine diphospho-glucuronosyltransferases (UGTs) [19]. 
Effective treatment of the disease is expected to reverse these 
changes. The magnitude of the drug-disease  interaction may de-
pend on the severity of the disease. Results from studies of drug 
pharmacokinetics in COVID-19 patients to guide drug dosing are 
not yet available, but potential changes in ASM levels should be 
considered even in milder symptomatic COVID-19 cases. 

Many ASMs are substrates of drug-metabolizing enzymes and 
their pharmacokinetics can be affected by anti-COVID-19 med-
ications. In addition, some ASMs induce or inhibit the activi-
ty of drug-metabolizing enzymes (CYPs and UGTs) and drug 
transporters (including P-glycoprotein; P-gp), thus potentially 
affecting anti-COVID-19 treatment. Phenobarbital, primidone, 
phenytoin, and carbamazepine are strong enzyme-inducing 
ASMs (EIASMs). Oxcarbazepine, eslicarbazepine acetate, 
cenobamate, and rufinamide are weak-to-moderate EIASMs. 
Cannabidiol, cenobamate, clobazam, everolimus, eslicarbaze-
pine acetate, felbamate, oxcarbazepine, perampanel, valproic 
acid, rufinamide, topiramate, and stiripentol can inhibit the ac-
tivity of drug-metabolizing enzymes [Table 1]. 







DDIs involving lopinavir/ritonavir 

Lopinavir is a CYP3A4 substrate and inhibitor. Ritonavir, a CY-
P3A4 and P-gp inhibitor, is added to lopinavir as a pharmaco-
kinetic enhancer. Lopinavir and ritonavir are also inducers of 
several CYP isozymes and of UGTs. 

Strong EIASM might reduce the plasma concentrations 
of lopinavir and its effectiveness [Table 1] [4,7]. Other CY-
P3A4-inducing ASMs may also reduce lopinavir's concentra-
tions. Valproic acid [4] and stiripentol [20] (CYP inhibitors) 
may increase the plasma concentrations of lopinavir/ritonavir.

Lopinavir/ritonavir can reduce the mean steady-state plas-
ma exposure (area under the conentration-time curve [AUC]) 
of phenytoin by 31% [21]. Lopinavir/ritonavir decreases la-
motrigine plasma concentrations by approximately 50% [4]. 
Lopinavir/ritonavir can also increase the plasma concentrations  
of everolimus and its immunosuppressive effects [22] as well as 
the plasma concentrations of other ASMs [Table 1]. Ritonavir 
has been shown to reduce midazolam clearance by 66% [23] 
and therefore can substantially increase the plasma concentra-
tions of midazolam and lead to excessive sedation [24]. Reports 
on the effects of lopinavir/ritonavir on valproic acid concentra-
tions are inconsistent [4]. 

DDIs involving chloroquine or hydroxychloroquine

Chloroquine and hydroxychloroquine are substrates of CY-
P2C8, CYP3A4, and CYP2D6 [25]. Strong EIASMs, and to a 
lesser extent weak-to-moderate EIASMs, may reduce the plas-
ma concentrations of chloroquine and hydroxychloroquine. 
Stiripentol can increase the systemic concentrations of chloro-
quine and enhance its side effects, particularly cardiac arrhyth-
mias [26]. 

DDIs involving azithromycin

Azithromycin does not remarkably inhibit CYP enzymes and is 
not implicated in clinically significant pharmacokinetic inter-
actions with ASM [27]. However, when phenytoin is used with 
azithromycin, careful monitoring of free and total phenytoin 
levels are advised [27].

DDIs involving remdesivir

Remdesivir is a substrate of CYP2C8, CYP2D6, and CYP3A4 
and an inhibitor of CYP3A4 and several drug transporters. Based 
on the pharmacokinetic profile and the dosing regimen for treat-
ing COVID-19, the manufacturer does not anticipate DDIs. How-
ever, reduction of remdesivir’s exposure by strong EIASMs, and 
to lesser extent weak EIASMs, cannot be ruled out [7]. 

DDIs involving corticosteroids

Dexamethasone is a CYP3A4 substrate and a moderate inducer 
of CYP 3A4, CYP2B, and CYP2E1 [29]. Phenytoin, phenobar-
bital, and other CYP3A4 inducers shorten the half-life of dexa-
methasone and prednisone. Dexamethasone has been reported 

to both increase and decrease phenytoin levels and alter seizure 
control [28,29].

DDIs involving other immunomodulators

Tocilizumab [30], interferons [31], and several other immuno-
modulating proteins given to treat COVID-19 can reduce the 
plasma concentrations of benzodiazepines (clonazepam, cloba-
zam, diazepam, midazolam) and those of phenytoin due to nor-
malization of their metabolism, which had been altered by the 
disease itself. These changes may also be induced by the very 
improvement in the patient's condition. Many tyrosine kinase 
inhibitors, currently evaluated for their anti-inflammatory po-
tential and inhibition of the so-called cytokine storm, undergo 
CYP-mediated bioactivation to form chemically reactive prod-
ucts. Induction of their metabolism by EIASMs might therefore 
lead to toxicity [32].

DDIs involving direct oral anticoagulants (DOACs)

DOACs are substrates of intenstinal CYP3A4, P-gp, or both. 
EIAEDs are expected to reduce DOAC concentrations, thereby 
potentially impairing their clinical activity [33].

Drugs given to treat COVID-19 can exert adverse cardiovas-
cular effects, which may be augmented in patients treated with 
certain ASMs. Chloroquine and hydroxychloroquine treatment 
can result in direct myocardial toxicity or exacerbate existing 
cardiomyopathies, prolong the QT interval, and lead to AV or 
bundle branch block, torsades the pointes, and ventricular fibril-
lation [7]. Lopinavir/ritonavir has been associated with PR and 
QTc prolongation, AV block, bradyarrhythmias and torsades 
de pointes [7]. Azithromycin can prolong the QT interval and 
has caused fatalities [34]. Adverse effects of interferon beta in-
clude cardiotoxicity and arrhythmias [7]. Accordingly, caution 
is required when these drugs are combined with ASMs that can 
affect cardiac conduction, induce arrythmias, or exacerbrate 
heart failure, including carbamazepine, cenobamate, felbamate, 
lacosamide, lamotrigine, phenobarbital, primidone, phenytoin, 
propofol, and rufinamide. Chroloquine and hydroxychloroquine 
risk of irreversible retinal damage, associated with long-term 
treatment, may be increased if combined with vigabatrin [35].

Based on the presented data, we suggest a set of recommenda-
tions be considered when treating patients with epilepsy with 
anti-COVID-19 medications. Although these recommenda-
tions apply to most relevant patients, high pharmacokinetic 
and pharmacodynamic variability across patients should also 
be considered, especially in patients treated with additional 
medications.



•  The Board of the Israeli League Against Epilepsy stresses 
the importance of providing anti-COVID-19 treatments to 
patients with epilepsy, similar to all other patient popula-
tions. Based on current knowledge, epilepsy or its treat-
ment should not be considered a contra-indication for 
anti-COVID-19 therapies, although they can affect drug 
choice or dosing.

•  Several ASM-anti-COVID-19 drug combinations should be 
avoided. These include everolimus with ritonavir-contain-
ing combinations; stiripentol with chloroquine; and poten-
tially strong EIASM-DOAC combinations [Table 1]. 

•  Dosing recommendations are available for the combinations 
of lopinavir/ritonavir with strong EIASMs and with lamo-
trigine [Table 1]. 

•  Moderate-to-severe impairment of hepatic function or renal 
failure with creatinine clearance lower than 60 ml/min may 
require adjustment of ASM dosage based on their major 
routes of elimination [Table 1]. 

•  Close therapeutic monitoring of ASM concentrations in plas-
ma (with dose adjustments if necessary) are recommended 
during the following phases of disease/treatment: symp-
tomatic COVID-19 infection or recovery from infection, 
addition of anti-COVID-19 agents which might interact 
with the existing ASMs, dose changes, or termination of the 
anti-COVID-19 treatment, connection or disconnection to  
ECMO, and changing of circuit components. 

•  When possible, therapeutic monitoring of anti-COVID-19 
drugs is recommended for patients treated with enzyme-in-
ducing or enzyme-inhibiting ASMs [Table 1]. There is no 
evidence for a need for monitoring the concentrations of 
therapeutic antibodies in patients treated with enzyme-mod-
ulating ASMs.

•  Interventions to minimize cardiovascular risk should in-
clude ECG monitoring with special attention to signs in-
dicative of arrythmia risk (e.g., QTc interval prolongation 
and T-U wave distortion), correction of electrolyte imbal-
ances (particularly hypokalemia and hypomagnesemia), and 
avoiding additional medications that can adversely affect 
the heart. Patients on lacosamide with severe disease should 
be monitored for bradycardia. When ECG is indicated, it 
should be obtained before adding a potentially interacting 
drug, after the drug is titrated to steady-state maintenance 
dose, and if there is any other indication for monitoring.

•  Chloroquine or hydroxychloroquine may be combined with 
vigabatrin only if the benefit clearly outweigh the risks, due 
to concern of serious adverse ophthalmic effects such as ret-
inopathy.

•  Vitamin D concentrations should be routinely monitored in 
patients with epilepsy with vitamin D supplementation add-
ed if necessary.

Until more established data are available, when choosing 
ASMs for newly-diagnosed patients, the potential for DDI and 
drug-disease interactions should be considered. Phenobarbital, 
phenytoin, carbamazepine, and primidone should be avoided 
as first ASMs when possible. One should keep in mind that 
ACTH, oral steroids and everolimus have immunosuppressive 
activity, and that everolimus can interact with experimental 
anti-COVID-19 treatments. Currently there is no evidence for 
increased COVID-19-related morbidity or mortality in patients 
with epilepsy treated with immunosupressants, and outcomes 
depend on the medical condition and on the treatment. 

In many patients whose seizures are controlled, ASM switch-
es, which might increase the risk of seizures, are not indicated. 
In addition, enzyme induction by ASMs is not immediately re-
versible, hence switches would not be helpful in urgent situa-
tions. Some patients might benefit from switches, though, as in 
the case when treatment is replaced to alternate ASMs to mini-
mize toxicity (e.g., cardiac arrhythmias).

Based on current information, the ketogenic diet does not 
complicate COVID-19 treatment.

The effect of enzyme-inducing anti-COVID-19 drugs added to 
patients already treated with ASMs is slow. It might be observed 
only several days or longer after onset of the investigational an-
ti-COVID-19 treatment or after a dose change of the enzyme 
inducer. For patients treated with enzyme-inducing ASM for 4-6 
weeks or longer, enzyme induction should be assumed from the 
onset of the anti-COVID-19 treatment.

Enzyme inhibition is more rapid, with maximal inhibition 
being expected within 4-5 half lives of the victim drug (the 
ASM). The same kinetics apply to treatment withdrawal. Pro-
tease inhibitors can both induce and inhibit hepatic metabolism 
and the effect may depend on the specific drug combination and 
duration of treatment.

Due to the paucity of available data, we did not rate literature 
based on the level of evidence. Accordingly, the information 
gathered in this document does not replace evidence-based 
guidelines, should they become available. Instead, we provide 
mostly principle-guided recommendations that can also be ap-
plied to other investigational treatments as they emerge and 
possibly to future epidemics which may be treated with differ-
ent sets of medications. For example, some currently used in-
vestigational COVID-19 drugs might no longer be used within 
weeks or months whereas others, which we did not evaluate, 
will prove effective in future studies. 

Epilepsy is not a contraindication for anti-COVID-19 treatment, 
but some combinations of ASMs and anti-COVID-19 drugs 



should be avoided. Selection of the first ASM for patients with 
newly diagnosed epilepsy should consider the ASM potential to 
be involved in DDIs or otherwise negatively influence patient 
outcomes. The COVID-19 pandemic provides an example of a 
medical condition with rapidly changing treatment recommenda-
tions and protocols. Accordingly, our recommendations are based 
upon a relatively limited set of investigational drugs, but hopeful-
ly allow some generalizations for additional therapeutic options.
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There is considerable variation in disease behavior 
among patients infected with severe acute respiratory 
syndrome coronavirus-2 (SARS-CoV-2). Genomewide 
association analysis may allow for the identification of 
potential genetic factors involved in the development 
of COVID-19. A study group conducted a genomewide 
association study involving 1980 patients with COVID-19 
and severe disease (defined as respiratory failure) at 
seven hospitals in the Italian and Spanish epicenters of 
the SARS-CoV-2 pandemic in Europe. After quality control 
and the exclusion of population outliers, 835 patients and 
1255 control participants from Italy and 775 patients and 
950 control participants from Spain were included in the 
final analysis. In total, the authors analyzed 8,582,968 
single nucleotide polymorphisms and conducted a meta-
analysis of the two case-control panels. The authors 

detected cross-replicating associations with rs11385942 
at locus 3p21.31 and with rs657152 at locus 9q34.2, which 
were significant at the genomewide level with rs657152 at 
locus 9q34.2, which were significant at the genomewide 
level in the meta-analysis of the two case–control panels 
(odds ratio 1.77 and odds ratio, 1.32 respectively). 
At locus 3p21.31, the association signal spanned the 
genes SLC6A20, LZTFL1, CCR9, FYCO1, CXCR6, and 
XCR1. The association signal at locus 9q34.2 coincided 
with the ABO blood group locus. In this cohort, a blood-
group-specific analysis showed a higher risk in blood 
group A than in other blood groups (odds ratio 1.45) and 
a protective effect in blood group O compared with other 
blood groups (odds ratio 0.65).

Severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) is largely considered a respiratory virus, but 
evidence is emerging that it can also affect the heart. In 
a perspective, Topol discussed the indirect and direct 
effects that the virus can have on the heart. Direct effects 
range from mild injury to inflammation and shock, which 
can lead to arrhythmia and possibly cardiac arrest. SARS-
CoV-2 also has vascular effects that can indirectly affect 

heart function, as can systemic inflammation. Heart 
damage does not seem to correlate with the severity of 
disease, so more assessment of heart function in people 
infected with SARS-CoV-2 is needed to understand the 
frequency and what determines whether someone will 
develop cardiac pathology.


