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A B S T R A C T

Background: The goal of this systematic review is to assess the published literature for seizure risk with chlor-
oquine or hydroxychloroquine therapy in persons with and without epilepsy. With the COVID-19 pandemic,
there is a desperate need for treatment against the SARS CoV-2 virus. Chloroquine or hydroxychloroquine is one
proposed medication that has received substantial public attention. However, the package insert states that these
medications may provoke seizures in patients with epilepsy, and this has resulted in increased questions and
anxiety in the epilepsy community.
Methods: PubMed (1970 to March 27, 2020) and the Embase (1970 to March 27, 2020) were searched with the
terms chloroquine or hydroxychloroquine and seizure or epilepsy, convulsions, or status epilepticus. Selected
studies were reviewed, and the adverse drug reaction was classified.
Results: Only eleven out of 31 studies were deemed eligible for systematic analysis. For chloroquine, eligible
studies were- one prospective study(n = 109), two case series(n = 6), and six case reports. The dose of
chloroquine ranged between 100−500 mg/day, except in one patient with a seizure, who was after taking 1000
mg. For hydroxychloroquine, there was one prospective observational study(n = 631) and one case report. The
clinical trials failed to find any significant relation between seizures and chloroquine or hydroxychloroquine.
Conclusion: Although the package insert describes an increased risk of seizure, the systematic review highlights
that such a statement is not supported by class I evidence. Clinicians, therefore, need to understand that data
regarding this specific topic is limited to case series and case reports. There is no substantial evidence to suggest
that these medications can increase seizure risk.

1. Introduction

With the global outbreak of coronavirus disease (COVID-19), la-
boratory-confirmed cases have increased explosively, with 227,368
deaths as of April 29, 2020 (WHO, 2020). A significant proportion of
symptomatic patients required medical care, and some required spe-
cialized intensive care management that is overwhelming the health
care system. Given the acute shortage of ventilators and personal pro-
tective equipment, there is a desperate need for therapy against the
virus SARS CoV-2 - the pathogen for COVID-19 (Fauci et al., 2020).
Among the different medications that are under trial, two antimalarial
drugs- chloroquine and hydroxychloroquine have received substantial
public attention because of positive results from small studies and
media coverage(Cortegiani et al., 2020; Hu et al., 2020). Chloroquine
(4-amino quinolone) is prescribed for treatment and chemoprophylaxis

against malaria, while hydroxychloroquine is used to treat in-
flammatory conditions like lupus. A quick search in the clinical-
trials.gov with the term chloroquine or hydroxychloroquine for COVID-
19 yielded over 30 studies as of early April 2020. Despite the lack of any
substantial evidence to support efficacy, given the present crisis, many
academic centers and physicians have incorporated these medications
into their therapeutic armamentarium against COVID-19 (Cortegiani
et al., 2020). The package insert for chloroquine and hydroxy-
chloroquine states that “patients with a history of epilepsy should be
advised about the risk of chloroquine or hydroxychloroquine provoking
seizures.” Understandably this statement has stirred up increased
questions and anxiety in the epilepsy community about the safety of
chloroquine or hydroxychloroquine in persons with epilepsy. A pre-
clinical study suggests that chloroquine can elicit seizures in a dose-
related manner by inhibiting GABAergic neurotransmission
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(Amabeoku, 1992). In preclinical studies, a lower dose (1−5 mg/kg) of
chloroquine prevents seizures, while a higher dose (10−50 mg/kg) had
pro-convulsant effects (Hassanipour et al., 2016). In contrast to chlor-
oquine, hydroxychloroquine has a lower incidence of CNS effects. The
goal of this systematic review is to assess the published literature for
seizure risk with chloroquine therapy in persons with and without
epilepsy.

2. Methods

This study was performed in accordance with the recommendations
of the Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) reporting guidelines. PubMed (1970 to March 27,
2020) and the Embase (1970 to March 27, 2020) were searched with
the terms chloroquine or hydroxychloroquine and seizure, epilepsy,
convulsions, or status epilepticus. Only published abstracts and litera-
ture in English were reviewed. Inclusion criteria were any case study or
series, and clinical trials reporting seizure or status epilepticus with
chloroquine or hydroxychloroquine. Exclusion criteria were overdose
or poisoning from chloroquine, animal studies, and reports of cardiac or
neuropsychiatric adverse effects. Data extracted from the reports were
-age, sex of study populations, the dosage of medication if available,
and reported comorbidities. We reviewed the reported medication do-
sage to confirm that the adverse effects were related to an overdose.
The level of evidence was graded between I-IV (Armstrong and
Gronseth, 2018).

The adverse drug reaction of interest is a seizure or status epi-
lepticus. For each selected study, the authors reviewed the entire
manuscript and classified the adverse drug reaction as either– a) dose-
related, b) non-dose related, c) dose-related and time-related, d)time-
related, e) withdrawal or f) unexpected failure of therapy (Edwards and
Aronson, 2000).

3. Results

Only eleven out of 31 studies were deemed eligible for systematic
analysis. Preclinical studies or reports of chloroquine or hydroxy-
chloroquine poisoning, cardiovascular and neuropsychiatric complica-
tions were excluded. For chloroquine, eligible studies were- one pro-
spective study(n = 109), two case series(n = 6), and six case reports.
For hydroxychloroquine, there was one prospective observational study
(n = 631) and one case report (Table 1).

3.1. Risk in healthy individuals

3.1.1. Chloroquine
Pooled data revealed five healthy adults (all case reports and series)

had a convulsive seizure after taking chloroquine for primary prophy-
laxis against malaria. One of the individuals had speech difficulties
secondary to non-convulsive status epilepticus. The dose ranged be-
tween 100 mg–400 mg per day except for one individual who had a
seizure after ingesting 1 gm chloroquine that was prescribed by a non-
professional provider. In one individual, the EEG revealed generalized
spike-wave epileptiform discharges, thereby suggesting underlying
undiagnosed generalized epilepsy.

3.2. Risk in individuals with non-neurological illness

3.2.1. Chloroquine
Four adults (all case reports and series) had a convulsive seizure

after taking therapeutic chloroquine for leprosy or lupus. The dose
ranged between 200−500 mg/day. Two subjects in the case series had
multiple laboratory investigations, including CSF analyses, and EEG
that failed to identify any alternative etiology.

3.2.2. Hydroxychloroquine
A multi-center prospective observational study evaluating pre-

dictors of time-to-seizure occurrence in patients with newly diagnosed
lupus (N = 600) confirmed a longer latency to seizure occurrence with
the use of hydroxychloroquine thereby suggesting that the medication
can protect against the development of seizure. Seizures were present in
6.7 % (40) of the participants.

3.3. Risk in individuals with neurological illness, including epilepsy

3.3.1. Chloroquine
To investigate the relationship between blood levels of chloroquine

(used as prophylaxis), its metabolite desethylchloroquine, and seizures
in children (N = 109, 9 months-13 years) with cerebral malaria, the
investigators took advantage of a double-blinded randomized control
trial where intramuscular phenobarbital (20 mg/kg) or placebo was
given to prevent seizures. 54 % (59 out of 109) of children had seizures
following cerebral malaria. There was no correlation between seizure
and blood level of chloroquine or desethylchloroquine (Crawley et al.,
2000). Three case studies documented seizure following chloroquine
prophylaxis (300−400 mg/day) in persons with epilepsy.

3.3.2. Hydroxychloroquine
One young woman with a history of focal epilepsy and lupus had a

tonic-clonic seizure for the first time following two weeks intake of
therapeutic hydroxychloroquine 200 mg/day (5 mg/kg). Anti-seizure
medications were unchanged, and laboratory investigations ruled out
acute exacerbation of lupus. Following discontinuation of hydroxy-
chloroquine, she had no further tonic-clonic seizures during follow up
although focal seizures continued.

4. Discussion and conclusion

Both chloroquine and hydroxychloroquine have been used for over
a decade in chemoprophylaxis against malaria and to treat lupus.
Although the package insert states an increased risk of seizure, the
systematic review highlights that such a statement is not supported by
any class I studies but rather by anecdotal case reports and case series.
Two clinical trials failed to demonstrate an increased risk of seizures
with these medications.

The goal of this review was not to evaluate if chloroquine or hy-
droxychloroquine is an effective therapy against COVID-19. Clinical
trials are ongoing, and many centers are offering the medication either
through a clinical trial or as an off-label therapy. Of note, a recent
observational study failed to establish the benefit of hydroxy-
chloroquine against COVID-19 (Geleris et al., 2020). Many of our epi-
lepsy patients reside at a group home or facility and are at risk of
contracting SARS CoV-2 virus. The evidence evaluating a link between
chloroquine or hydroxychloroquine and seizure is insufficient to sug-
gest a significant correlation. Clinicians, therefore, need to understand
that data regarding this specific topic is limited to case series and case
reports. There is no substantial evidence to suggest that these medica-
tions can increase seizure risk.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.eplepsyres.2020.
106399.
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