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Abstract

Introduction: Epilepsy is a neurological disorder that can affect pregnant women, and the use of anti-epileptic drugs during pregnancy must be carefully evaluated.
This systematic review aims to assess the risk of withdrawal seizures and other adverse events in newborns when pregnant women with seizures are treated with
levetiracetam compared to other treatments.

Methods: Multiple online scientific databases including PubMed, PubMed Central, Ovid MEDLINE, CINAHL, the Cochrane Central Register of Controlled Trials,
Web of Knowledge, PsycINFO, and Scopus. The studies were chosen based on the developed inclusion and exclusion criteria. The quality of articles retrieved was
assessed by the Robins I-tool for non-randomized trials and a standard Excel data extraction sheet was used to extract data from relevant studies.

Results & Discussion: Out of the 211 studies obtained from database searches and registers, only 11 met the inclusion criteria and were included in this systematic
review. A total of 4726 patients were included in this systematic review. The studies were from different geographical regions and countries. The study found that
AED polytherapy increased the risk of adverse pregnancy outcomes, including congenital malformations, intrauterine growth restriction, and preterm delivery,
and recommended the use of AED monotherapy whenever possible to minimize these risks. Levetiracetam was found to be a safe alternative to other AEDs during
pregnancy. The study also established the safety of AED use during lactation, but monitoring of AED levels is essential.

Conclusion: Levetiracetam and other AEDs as monotherapy treatment during pregnancy are generally safe and effective for women with epilepsy. AED polytherapy
should be avoided, and treatment choices should be individualized to minimize adverse events.
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Introduction found in the synaptic vesicles of neurons, preventing the release of

) ) ) ) neurotransmitters without affecting normal neurotransmission [3].
Epilepsy is a central nervous system disorder characterized by way

of abnormally high electric impulses produced by neurons, resulting in The use of anti-epileptic tablets during pregnancy is vital, as
involuntary body movements, abnormal behavior, loss of awareness, ~ untreated seizures can damage the mom and the growing fetus.
and altered memory [1]. Various factors can cause epilepsy, including ~ However, it’s of paramount importance to weigh the benefits and
cerebral stroke, mind tumors, head injuries, hypoxic damage, risks of treatment, specifically when it comes to the protection of the
infections, metabolic diseases, storage diseases, hormonal imbalances, ~ fetus. Therefore, this systematic review aims to evaluate the risk of
and substance abuse [2]. withdrawal seizures in newborns associated with using levetiracetam

as monotherapy or in aggregate remedy for seizures at some point of
pregnancy, compared to different anti-epileptic capsules or placebo.
Given the potential teratogenic outcomes of some anti-epileptic
drugs on the fetus, it’s far crucial to evaluate the safety and efficacy of
levetiracetam to be used at some stage in pregnancy to guide clinical
exercise and improve maternal and fetal effects.

Anti-epileptic medications are available to control unusual impulses
and prevent seizure episodes. However, some of these medications can
have teratogenic effects on the fetus as they cross the placental barrier.
In the 1990s, newer anti-epileptic drugs were discovered that were
safer for use during pregnancy. One of these drugs is levetiracetam, a
second-generation anti-epileptic drug that binds to the SV2A protein
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Objective

To evaluate the risk of withdrawal seizures and other adverse events
in newborns of pregnant women with seizures who are treated with
levetiracetam as monotherapy or in combination therapy, compared to
placebo or other antiepileptic drugs.

Pico Research Question
. P: Pregnant women with seizures
. I: Levetiracetam monotherapy or combination therapy
. C: Placebo or other antiepileptic drugs

. O: Risk of withdrawal seizures in the newborn and other
adverse Events

PICO question: In pregnant women with seizures does the use of
levetiracetam as monotherapy or in combination therapy compared
to placebo or other antiepileptic drugs, increase the risk of withdrawal
seizures in the newborn? What will be the most appropriate topic for
my systematic review?

Methods

The guidelines in the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) by [4] were followed Our
methodology and reporting were aligned with the standards established
by this source to ensure consistency.

Inclusion Criteria

. Studies reported on the use of levetiracetam in pregnant
women with epilepsy.

. RCTs, cohort studies, observational studies, retrospective
studies & studies & other original research published between 2013 &
2023.

. Studies reported on the use of levetiracetam either as
monotherapy or in combination with other medications.

. Studies reported on the occurrence of withdrawal seizures
in newborns & any other adverse reactions as a result of exposure to
AEDs through the mother.

. Studies that used a comparison group (e.g., placebo, other
antiepileptic medications, or no treatment).

. Studies published in English.
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Exclusion Criteria

. Studies that did not include pregnant women with seizures/
epilepsy.

. Studies that did not use levetiracetam as a treatment.

. Studies that did not report on the occurrence of withdrawal

seizures in newborns & other adverse reactions to AED exposure
. Studies that were not published in English.

. Studies that were not published in the research and
documentation of this systematic review

. Secondary research was subject to a high degree of bias.
Search Criteria

The search was conducted across multiple online databases
including PubMed, PubMed Central, Embase, CINAHL, the Cochrane
Central Register of Controlled Trials, Web of Knowledge, PsycINFO,
and Scopus. Google Scholar was utilized as a search engine. The
bibliographic databases, especially Medline and CENTRAL, were found
to be highly valuable due to their millions of references with Medical
Subject Headings (MeSH). The search string used across multiple
databases included: (“Levetiracetam” OR “AEDs” OR “Antiepileptic
drugs”) AND (“pregnancy” OR “pregnant women” OR “maternal
exposure” OR “antenatal exposure”) AND (“seizures” OR “epilepsy”
OR “convulsions”) AND (“neonates” OR “newborns” OR “infants” OR
“fetus”)

Quality assessment

Quality was assessed using the ROBINS-I tool for non-randomized
studies as shown in Table 1.

Data Extraction

A standard data extraction form was used to extract relevant data
from tables, including author and year of publication, study type,
research design, number of participants, study aims, and population.

Search Results

The database search and register search identified a total of 208
studies, out of which 71 duplicates and 26 publications published
before 2013 were removed. After screening the abstracts, 82 studies
were excluded, leaving 114 studies. Out of these, 32 studies were

Table 1: Quality assessment using ROBINS-I tool for non-randomized studies ranging from 2018 to 2022.

Year Bias due to Bias in the selection Bias in Bias due to deviation  Bias due to Bias due to Bias in selection | Low/moderate/
confounding of participants for the | Classification of from intended issing data rements of | of reported result  serious/critical
study interventions interventions outcomes
2022 Moderate Low Moderate Low Serious Low Low Moderate
2022 Low Moderate Moderate Moderate Low Moderate Serious Moderate
2018 Moderate Moderate Low Moderate Moderate Low Low Moderate
2019 Low Low Low Low Low Low Low Low
2013 Moderate Serious Low Low Moderate Moderate Serious Moderate
2018 Low Serious Low Serious Low Low Moderate Moderate
2022 Moderate Low Serious Low Low Serious Moderate Moderate
2018 Low Low Low Moderate Serious Moderate Moderate Moderate
2021 Moderate Serious Moderate Moderate Low Low Moderate Moderate
2020 Low Serious Low Moderate Low Moderate Moderate Moderate
2021 Low Serious Low Moderate Moderate Moderate Serious Moderate
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selected for retrieval, but only 22 were retrieved. Among these, 8
studies were removed because they were non-original research, mainly
consisting of case reports and literature reviews. Additionally, 3
studies were published in Russian without an English translation, and

Identification of studies via databases and registers

Identification

Records identified from*:
Databases (n=208)
Registars {n=3)

Records removed fefore
sCreening:
Duplicate records remaoved (n
=T
Records marked as ineligible
by autornation tools (n = 26)
Recards removed for other
reasons (n= 0}

}

Fecords screened

Fecords excluded™
(h=18%

n=114)

Reports sought for retrieval

Screening

{h=32)

Reports nat retrieved
(n=10)

Feports assessed for eligibility
(h=122

Y

Reports excluded:
Mon original research {n=8)
Mot availahle in English (n

Included

[

Studies included in review
h=11)

Repors of included studies
n=11)

Figure 1: Prisma Flow Diagram.

Results

Table 2: Showing results of the studies (n=11) included in the review.

hence removed. Finally, 11 studies met the inclusion criteria and were
included in the systematic review.

The results are described in table 2.

carbamazepine
monotherapy during
pregnancy in women with
epilepsy.

Author & year Study design Study aims Population Country Intervention AEDs Used Conclusion
(Shi et al., Observational |to investigate the effect of 123 pregnancies |China The study investigates phenobarbital, The study showed that AED polytherapy
2022) [5] study antiepileptic drug (AED) the effects of AED topiramate, in pregnant women with epilepsy increases
polytherapy on pregnancy polytherapy on valproate, the risk of adverse pregnancy outcomes,
outcomes in women with pregnancy outcomes. |lamotrigine, and | and recommends using AED monotherapy
epilepsy. levetiracetam whenever possible to minimize risk. Prenatal
exposure to phenobarbital and topiramate was
associated with an increased risk of congenital
malformations, while valproate, phenobarbital,
and topiramate were correlated with adverse
pregnancy outcomes. The combination of
lamotrigine and levetiracetam had no adverse
outcomes.
(Mari et al., Retrospective | to compare the safety and | 185 pregnancies | Italy Monotherapy levetiracetam, The study did not report any information on
2022) [6] observational  efficacy of levetiracetam, lamotrigine, and  withdrawal seizures in newborns. However,
study lamotrigine, and carbamazepine. | the study did report that there were no

significant differences in the frequency

of major congenital malformations or
neurodevelopmental disorders among the three
groups, which suggests that the use of any

of these three AEDs as monotherapy during
pregnancy did not result in significant adverse
effects on the newborns. The study concluded
that all three AEDs, levetiracetam, lamotrigine,
and carbamazepine, are effective and safe
options for monotherapy during pregnancy

in women with epilepsy. The choice of AED
should be individualized based on the patient's
clinical characteristics and preferences.
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pregnancy outcomes in
pregnant women with
epilepsy

valproate and
topiramate

(Bansal etal., | Retrospective |To assess the safety and |46 pregnant Northern India. ' Monotherapy or Primary Researchers did not report any significant
2018) [7] observational  efficacy of levetiracetam | women with adjunctive therapy focus was on differences in the incidence of congenital
study use during pregnancy in | epilepsy levetiracetam use | malformations, intrauterine growth restriction,
women with epilepsy in during pregnancy. preterm delivery, or neonatal complications
a tertiary care center in among the study participants and concluded
Northern India. that levetiracetam use during pregnancy
appears to be safe and effective for women
with epilepsy. Although they recommended
further large-scale studies to confirm these
findings.
(Ac etal., 2019) |Clinical Trial |Main aim was to 982 pregnancies |Multiple Monotherapy or levetiracetam According to the results collected during
[8] assess the safety of countries (the | adjunctive therapy. the study, it was noted that the risk of major
levetiracetam use during Levetiracetam congenital malformations or developmental
pregnancy Pregnancy outcomes in infants did not increase
Registry is a upon exposure of a pregnant woman to
multi-center levetiracetam. Prevalence of major congenital
international malformations was recorded to be 3.2%,
registry) similar to the general population. Researchers
therefore concluded that levetiracetam use
during pregnancy appeared to be safe for both
the mother and the developing fetus.
(Mawhinney et |Retrospective |The study aimed to 566 pregnancies | The United Monotherapy levetiracetam Based on the results collected, levetiracetam
al., 2013) [9] study investigate the safety of Kingdom and was not associated with increased risk of major
levetiracetam use during Ireland congenital malformations or developmental
pregnancy delays in infants. In addition, there were no
significant difference in birth weight, head
circumference, or Apgar scores between
infants exposed to levetiracetam Vs other
AEDs. Researchers in this study concluded
that levetiracetam use during pregnancy was
safe and did not result in major complications
in infants. The study suggests that
levetiracetam may be a safe alternative to other
antiepileptic drugs during pregnancy.
(Koc et al., Retrospective | To evaluate the fetal 92 pregnancies | Turkey Monotherapy or Levetiracetam The study concluded that the use of
2018) [10] cohort study safety of levetiracetam Polytherapy as monotherapy | levetiracetam monotherapy during
use during pregnancy. (n=113) & 36 pregnancy did not increase risk of congenital
women with malformations when compared with
other AEDs the general population. Lower doses of
(lamotrigine, levetiracetam were associated with a lower
carbamazepine,  risk of major congenital malformations. the
valproate, or risk increased when it was used as a part of
phenobarbital) polytherapy
(Thomas et al., |Prospective To evaluate the 149 infants born |France Antenatal exposure to | The study Infants between 2 and 12 months were
2022) [11] cohort study  differential impact of to WWE and 90 ASMs included women  evaluated using the Ages and Stages
antenatal exposure to infants born to who were Questionnaires (ASQ). The main outcomes
antiseizure medications  women without taking either being evaluated were motor and mental
(ASMs) on motor and epilepsy (WWE- monotherapy development. Results from this study showed
mental development in | free) or polytherapy that antenatal exposure to ASMs, especially
infants of women with with various valproate, was associated with a higher risk
epilepsy (WWE) ASMs, including | of delayed motor and mental development
valproate, in infants of WWE compared to infants of
lamotrigine, WWE-free. The study also found that the risk
levetiracetam, of developmental delay was highest among
carbamazepine,  infants exposed to polytherapy with valproate.
oxcarbazepine, The authors suggest that careful consideration
and phenobarbital |should be given to the choice of ASMs during
pregnancy to minimize the risk of adverse
developmental outcomes in infants of WWE.
(Vajda et al., Retrospective | To investigate the effects | 1810 Australia Antiepileptic drug lamotrigine and | Polytherapy increased the risk of fetal
2018)[12] observational | of antiepileptic drug pregnancies polytherapy levetiracetam malformations experientially in instance
study (AED) polytherapy on where valproate and topiramate were used

in the drug combinations. Lamotrigine and
levetiracetam offered the chance of seizure
control and fetal safety. The study concluded
that the use of AEDs during pregnancy had
no negative impact on mother or infant except
when valproate and topiramate combinations
were used. Polytherapy-treated pregnancies
were less often seizure-free than monotherapy-
treated ones, but drug combinations with
dissimilar and similar mechanisms of action
achieved similar rates of seizure freedom
during pregnancy
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(Sharma et al., |Retrospective |To assess the efficacy and | 111 pregnant
2021) [13] study safety of levetiracetam women India.
monotherapy or
polytherapy in pregnant

women with active
epilepsy

To assess the effect
of antiepileptic drug
exposure on the
neurodevelopment of
breastfed infants.

(Birnbaum et 351 pregnancies | The USA

al., 2020) [14]

Prospective
cohort study

(Meador et al., |Prospective To evaluate the cognitive |311 mother- The USA
2021) [15] cohort study | outcomes of children infant pairs

born to pregnant women

with epilepsy who were

exposed to antiepileptic

drugs in utero.
Discussion

11 studies were included in this systematic review, the studies
investigated the safety and efficacy of levetiracetam an antiepileptic
drug (AED) uses during pregnancy with regards to the impact it has
on newborn babies. The studies included women who were prescribed
levetiracetam as either monotherapy or polytherapy. The results of
this systematic review show that AED polytherapy increased the risk
of adverse pregnancy outcomes including congenital malformations,
intrauterine growth restriction, and preterm delivery. The study
recommended AED monotherapy whenever possible to minimize
these risks. However, levetiracetam was associated with lower rates
of these adverse effects when used in monotherapy or polytherapy as
opposed to when valproate and topiramate were used. The use of AED
monotherapy during pregnancy appeared to be safe when and effective
when levetiracetam, lamotrigine, and carbamazepine as monotherapy.
No significant differences in the frequency of major congenital
malformations or neurodevelopmental disorders among the three
groups. Levetiracetam, in particular, was found to be safe and did not
result in major complications in infants.

Results from the 4726 pregnancies indicate that the use of
levetiracetam and other AEDs as monotherapy treatment during
pregnancy is generally safe and effective for women with epilepsy.
However, the choice of which AED to use should be individualized
based on the patient’s clinical history and presenting characteristics to
minimize adverse events. AED use during lactation was also found to
be safe, however, the levels of AEDs in breastmilk should be monitored.
While polytherapy should be avoided to minimize adverse pregnancy
outcomes, levetiracetam appears to be a safe alternative to other AEDs
during pregnancy. Further research that includes large samples should
be conducted to validate these findings. In addition, no studies reported
on withdrawal seizures or the risk of withdrawal seizures in newborns.
Research needs to be done that asses this specific outcome when AEDs
are used by pregnant women.

The findings of this systematic review are consistent with research
done in this area, one meta-analysis by [16] aimed to compare the
risk of congenital malformations and prenatal outcome of infants and
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Levetiracetam The study found that the use of levetiracetam

polytherapy during pregnancy was associated with a lower
risk of adverse pregnancy outcomes such as
stillbirth, neonatal death, low birth weight,
and preterm delivery. Researchers concluded
that levetiracetam monotherapy or polytherapy
was an effective and safe treatment option for
pregnant women with active epilepsy.

AEDs carbamazepine, | The results showed that AEDs used by
lamotrigine, pregnant and breastfeeding mothers was
levetiracetam, available in breastmilk and infant serum.
oxcarbazepine, There was however no significant difference in
phenobarbital, cognitive development and growth in infants
phenytoin, who were exposed to AEDs in breastmilk and
topiramate, and  those who were not exposed. The researchers
valproic acid. concluded that even though AEDs were safe

to use during breastfeeding concentrations in
breast milk and infant serum is necessary to
ensure safety.

AEDs carbamazepine, |The results from this study showed that
lamotrigine, children born to pregnant women with epilepsy
levetiracetam, who were exposed to antiepileptic drugs in
oxcarbazepine, utero had lower cognitive scores compared to
phenobarbital, children of women without epilepsy. However,
phenytoin, there was no significant difference in cognitive

outcomes between children who were exposed
to different types of antiepileptic drugs.

topiramate, and
valproic acid.

children exposed to AEDs in utero. The study included 58,461 patients
from 96 studies and concluded that the newer AEDs (lamotrigine
and levetiracetam) were associated with a significantly lesser risk of
congenital malformations compared to the control group population.
These AEDs were also associated with lesser cardiac malformations
compared to the control. This research also reported that other AEDs
such as ethosuximide, valproate, topiramate, phenobarbital, phenytoin,
carbamazepine, and polytherapy were significantly more harmful
than control. Researchers in this study keenly noted that even though
infants exposed to lamotrigine and levetiracetam were less likely to
experience the adverse reactions reported, it did not mean that these
agents were not harmful to infants in utero and thus these treatments
should be approached carefully. The study advocated for the switch
from polytherapy to monotherapy and avoiding AEDs with recorded
high-risk ratios such as valproate.

Strengths

. The systematic review includes 11 research studies from
different countries and regions worldwide, which offers enormous
quantity of data for evaluation & covers the safety and efficacy of
levetiracetam at some stage in being pregnant, which is a clinically
critical subject matter for women with epilepsy.

. The review provides valuable information at the risks
associated with AED polytherapy and recommends the use of AED
monotherapy to limit these adverse outcomes & additionally provides
evidence for the safety and effectiveness of levetiracetam, lamotrigine,
and carbamazepine as monotherapy during pregnancy.

. The review includes information on AED use during
lactation, which is a crucial consideration for postpartum care.

Limitations

One major limitation of this systematic review is the failure to
include studies that reported on the risk of withdrawal seizures in
newborns, which is a significant gap in the literature. Other limitations
are the use of majorly retrospective and cohort studies which present a
lower level of evidence as opposed to the gold standard RCTs.
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Recommendations

Based on the above findings, this study presents the following
implications:

. Healthcare providers should consider AED monotherapy
as the first-line treatment option for pregnant women with epilepsy
but the choice of which AED is prescribed to a patient should be
individualized.

. Patients ought to be informed of the risks related to AED
polytherapy and encouraged to discuss treatment options with their
healthcare provider.

. Women who’re prescribed AEDs in the course of pregnancy
ought to be monitored closely for unfavorable effects and the levels of
AEDs in their breastmilk.

. Further research needs to be carried out to evaluate the risk
of withdrawal seizures in newborns when AEDs are used by pregnant
women.

Conclusion

The use of levetiracetam and other AEDs as monotherapy during
pregnancy is generally safe and effective for women with epilepsy.
AED polytherapy increased the risk of adverse pregnancy outcomes,
and therefore, monotherapy should be the preferred treatment option
whenever possible. Levetiracetam was associated with lower rates of
adverse effects compared to valproate and topiramate when used as
either monotherapy or polytherapy. The review also recommended
individualized AED treatment choices based on patient characteristics
and clinical history to minimize adverse events. The safety of AED use
during lactation was also established, but monitoring of AED levels in
breast milk is crucial. Finally, further research with larger samples is
needed to validate these findings, and research should be conducted to
assess the risk of withdrawal seizures in newborns when AEDs are used
by pregnant women.
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