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Managing Epilepsy in Women
Elizabeth E. Gerard, MD, Kimford J. Meador, MD, FAAN

Abstract

Purpose of Review: Caring for a woman with epilepsy requires familiarity with the
implications of antiepileptic drugs (AEDs) for pregnancy and contraception as well as an
understanding of the effects of female hormones on epilepsy.

Recent Findings: AED pregnancy registries and prospective studies of cognitive development
continue to confirm that valproate poses a significantly increased risk of structural and cognitive
teratogenesis. In contrast, data thus far suggest that lamotrigine and levetiracetam are associated
with a relatively low risk for both anatomic and developmental adverse effects, although further
studies are needed for these and other AEDs. The intrauterine device is a good contraceptive
option for many women with epilepsy as it is highly effective and not subject to the drug-drug
interactions seen between hormonal contraception and many AEDs. Hormonal-sensitive seizures
are common among women with epilepsy; however, highly effective treatments for refractory
catamenial seizures are limited.

Summary: Women with epilepsy should be counseled early and regularly about reproductive
health as it relates to epilepsy. AED selection for women of childbearing age should take future
pregnancies and contraceptive needs into consideration.

INTRODUCTION

The stigma faced by patients with epilepsy carries over to their reproductive health choices:
Sterilization of people with epilepsy was legal in parts of the United States until the latter
half of the 20th century, and until 1980, some states still had laws forbidding people with
epilepsy from marrying.! Even today, despite substantial growth in our understanding of
pregnancy and epilepsy, most of which is reassuring, many women with epilepsy still
receive explicit or implicit messages that they should not consider pregnancy, which can
deter them from addressing reproductive health with their health care providers. Women
are often unfamiliar with the teratogenic risks of the antiepileptic drugs (AEDs) and
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their interactions with contraception, and many pregnancies in women with epilepsy are
unplanned.? Because of fears about the effects of epilepsy and AEDs, women may avoid
pregnancy because of their epilepsy or may decrease or stop medications on their own when
they do become pregnant.3 Thus it is critical for neurologists treating women with epilepsy
to discuss the important topics of contraception and pregnancy early on in their relationship
with their patients and revisit these discussions regularly, communicating that they are
appropriate and important topics to discuss openly. Unfortunately, a minority of women
report that conversations about contraception and pregnancy are initiated by their health care
providers, and over one-third say these topics are not discussed at all.* Additionally, many
women notice a hormonal component to their epilepsy and may feel dismissed if this is

not acknowledged by their health care providers. This article covers several of the topics
important to women with epilepsy, including pregnancy, contraception, and catamenial
epilepsy, and provides the reader with tools to integrate these topics into their clinical care of
women with epilepsy.

PREGNANCY

Most women with epilepsy will need to remain on AEDs during pregnancy. While more
information is needed on the risks related to seizures during pregnancy, tonic-clonic seizures
expose the fetus to anoxia and increase the risk of maternal injury.®> Uterine contractions

and fetal heart rate changes have been demonstrated during focal seizures with loss of
consciousness.® Seizures during pregnancy may also increase the risk of preterm labor

and small-for-gestational-age infants.® The UK confidential inquiry into maternal deaths
demonstrated a tenfold increase in mortality among women with epilepsy during pregnancy
and the postpartum period. Most of these deaths were attributed to sudden unexpected

death in epilepsy (SUDEP), which underscores the need for medication compliance and
therapeutic monitoring during pregnancy as well as careful prepartum counseling.’

While risks related to AED use in pregnancy exist, such as increased chances of structural
and cognitive teratogenesis, these risks can be minimized by early prepartum counseling.

Because the majority of pregnancies are unplanned, prepartum counseling should start no
later than the prescription of the first AED to a woman of childbearing age, which is often
well before the patient expresses an interest in becoming pregnant. Discussion points and

recommendations for prepartum counseling and pregnancy are listed in Table 11-1.8

Structural Teratogenesis

Pregnancies exposed to AEDs in the first trimester are at increased risk for major congenital
malformations. Major congenital malformations are defined as structural abnormalities of
surgical, functional, or cosmetic significance. The majority of these structural abnormalities
have already occurred by 8 to 10 weeks of pregnancy, underscoring the need for early
preconception planning. Over the past 2 decades, several international prospective registries
have assessed the rates of major congenital malformations associated with various AEDs.
Individual registries have different means of assessment and follow-up periods, which
accounts for some of the interstudy variability.? Overall, however, the registries have begun
to paint a consistent picture of the major congenital malformation risk with some of the most
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commonly prescribed AEDs. Absolute malformation rates seen with individual monotherapy
exposures are reported in Table 11-2.10-21

When explaining the risk of major congenital malformations to women with epilepsy, it is
important to explain that major congenital malformations can occur in healthy women. Rates
of major congenital malformations range from 1% to 3%, depending on the population in
which they are studied and how they are assessed. Across all registries, valproate has been
consistently associated with the highest rates of major congenital malformations, ranging
from 4.7% to 13.8%.° Large cohorts have also outlined relatively low malformation rates
with lamotrigine and carbamazepine exposure. Levetiracetam looks promising, although
bigger cohorts are needed to confirm this early trend. Phenytoin, phenobarbital, and
topiramate likely confer an intermediate risk of congenital malformations, whereas data

on most other AEDs are too limited to stratify.

While in most studies malformations are presented as a single data point, major

congenital malformations include a group of structural abnormalities ranging from surgically
correctible hypospadias and oral clefts to more severe cardiac and neural tube defects. The
pattern of malformation risk appears to be different for individual AEDs. In one compilation
of the results from several pregnancy registries, neural tube defects were the most common
major congenital malformation seen with valproate, while carbamazepine, lamotrigine, and
barbiturates were most commonly associated with cardiac defects, and both hypospadias
and cardiac defects were the most common malformations seen with phenytoin exposure
(Figure 11-1).17 All the individual malformations (ie, cardiac, neural tube, oral clefts, and
hypospadias) in this analysis, however, had higher rates for valproate than carbamazepine,
lamotrigine, or phenytoin.

In the United States, it is common practice to recommend a level 1l ultrasound at 18 to 20
weeks gestational age for women taking AEDs during pregnancy. This is a detailed anatomic
evaluation, which provides very high sensitivity for structural abnormalities affecting the
fetus (greater than 95% for neural tube defects in most laboratories).

Effect of dose.—For several AEDs, the risk of major congenital malformations has been
shown to be dose related. The International Registry of Antiepileptic Drugs and Pregnancy
(EURAP) reported a direct correlation between the dose at the time of conception and

the risk of major congenital malformations for carbamazepine, lamotrigine, phenobarbital,
and valproate. For valproate monotherapy, the risk of a major congenital malformation was
5.6% for preconception doses lower than 750 mg/d and 24.6% for doses higher than 1500
mg/d.12 Further research is needed to determine if serum concentrations, rather than dose,
are a stronger prediction of teratogenic risk. In the meantime, part of preparing a woman
with epilepsy for pregnancy involves trying to identify the minimum therapeutic dose (and
corresponding level) that is able to control her seizures.

Polytherapy versus monotherapy.—It was previously thought that AED polytherapy
should always be avoided during pregnancy if at all possible. This was based on prior studies
that demonstrated a higher rate of major congenital malformations with polytherapy. A study
from the North American Antiepileptic Drug Pregnancy Registry (NAAPR) suggested that
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polytherapy combinations that included valproate mostly drove prior data on polytherapy.
The authors demonstrated that malformation rates seen with exposure to carbamazepine

or lamotrigine in polytherapy with a drug other than valproate were similar to the rates
seen with either drug in monotherapy, whereas if either was combined with valproate,
malformation rates were much higher. The study also presented similar findings seen in
two other registries.2? This raises the question of whether certain polytherapy combinations
(eg, levetiracetam and lamotrigine) should be considered prior to initiating valproate for
idiopathic or genetic generalized epilepsy, as illustrated in Case 11-1.

Malformations With Individual Antiepileptic Drugs as Monotherapy (N =)

Levetiracetam  Oxcarbazepine Phenobarbital Phenytoin  Topiramate Valproic Acid

2.4% (82) 5.9% (17) 0% (4) 24% (41)  24% (42)  13.8% (253)
0% (58) 2.8% (393) NA NA 46%(108) NA

1.6% (126) 3.3% (184) 7.4% (217) 58%(103) 6.8%(73)  9.7% (1010)
NA NA NA NA NA 10.7% (263)
NA NA NA NA NA NA

2.4% (450) 2.2% (182) 5.5% (199) 2.9% (416) 4.2% (359)  9.3% (323)
1.7% (118) 1.8% (57) 7.4% (27) NA 4.2%(48)  6.3% (333)
0% (61) 3.7% (27) 14% (7) 6.7% (119) 7.7% (52)  4.7% (619)
0.7% (304) NA NA 37%(82) 9% (203)  6.7% (1290)

Cognitive Teratogenesis

Until recently, much of the available data on cognitive development and AED exposure
were based on case series and retrospective studies, most of which did not control for

the contribution of maternal 1Q, a critical factor in estimating a child’s 1Q. Both the
Neurodevelopmental Effects of Antiepileptic Drugs (NEAD) study and a study from the
Liverpool and Manchester Neurodevelopmental Group (LMNG) accounted for maternal

IQ in addition to other important variables.2324 Both studies were prospective, recruiting
mothers antenatally and following their children for 6 years. Of note, 92 children from the
LMNG cohort also participated in the NEAD study (making up approximately 30% of the
NEAD sample). Each study confirmed the previously suspected adverse effects of valproate
on cognitive outcomes: Exposure to valproate was associated with a decrease in full-scale 1Q
by approximately 10 points compared to children exposed to other AEDs and to a control
group. This effect appears to be dose related (Figure 11-2).

The cognitive effects of other AEDs require further investigation in order to make firm
conclusions about their developmental risk. In the NEAD study, which did not include a
control group, 1Qs at age 6 were similar between children exposed to lamotrigine, phenytoin,
or carbamazepine. The LMNG study included a control group and found that average
full-scale 1Qs of the controls were similar to those of the lamotrigine- and carbamazepine-
exposed children. In this study, however, carbamazepine exposure was associated with a
higher risk of having an 1Q lower than 85 and decreased verbal abilities.2
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The cognitive effects of levetiracetam exposure have only been evaluated in one study

by the LMNG, which reported that developmental scores of exposed children at 3 years
were similar to controls but better than those of valproate-exposed children.2® In rodent
models, levetiracetam also seems to be a promising agent. Several AEDs (eg, diazepam,
phenobarbital, phenytoin, and valproate) have been shown to induce apoptosis in the brains
of rat pups; this is thought to be one mechanism by which AED-induced cognitive changes
occur.28 A few AEDs (ie, carbamazepine, lamotrigine, levetiracetam, and topiramate) do
not produce apoptosis when given alone, but levetiracetam is the only AED that does not
enhance apoptosis even when given with an AED that induces apoptosis.2%

In addition to its effect on 1Q, valproate has now been associated with adverse effects
on behavioral development. In a population-based study, the risks of a formal diagnosis
of autism or autism spectrum disorder with valproate exposure were 2.5% and 4.4%,
respectively, compared to 0.5% and 1.5% in the general population.2’

Obstetrical and Perinatal Outcomes

A 2014 population study demonstrated that women with epilepsy are not at increased

risk for miscarriage.28 However, women with epilepsy may be at increased risk for

obstetric complications, including gestational hypertension, preeclampsia, and postpartum
hemorrhage. Preterm birth, intrauterine growth restriction, and small-for-gestational-age
infants are also more common in women with epilepsy.29 Conflicting evidence exists on
whether these complications are related to the effect of AEDSs, seizures during pregnancy, or
epilepsy itself.2® A Norwegian study found a particular association between topiramate and
microcephaly as well as birth weight.1®6 The NAAPR also found an association between both
topiramate exposure and zonisamide exposure and low birth weight.39 On the other hand,
seizures during pregnancy have been shown to increase the risk of small-for-gestational-age
infants and preterm delivery.® Cesarean delivery may also be more common in women with
epilepsy, but this is not a universal finding and the reasons for this association are unclear.2
Neither epilepsy nor AED use is usually an indication for a cesarean delivery.

Seizure Frequency During Pregnancy

Most women with epilepsy (54% to 80%) will not experience a change in the frequency
of seizures during pregnancy. Seizure frequency increases in one-third or fewer of women
with epilepsy (15.8% to 32%) and decreases in a minority of patients (3% to 24%).31-34
Seizure stability prior to pregnancy is one of the strongest predictors of seizure control
during pregnancy31:3%; women who are seizure free in the 9 months prior to pregnancy
have an 84% to 92% chance of remaining seizure free during pregnancy on their current
regimen.3! Patients with generalized epilepsy seem to have less of a risk of seizures during
pregnancy than patients with focal seizures, although both groups are at increased risk of
seizures in the peripartum and postpartum periods.31:33:35 One study has suggested that a
history of catamenial epilepsy may reduce the risk of seizures during pregnancy.32 Refer
to Appendix B for a summary of the American Academy of Neurology (AAN) evidence-
based guideline for clinicians “Management Issues for Women With Epilepsy—Focus on
Pregnancy: Obstetrical Complications and Change in Seizure Frequency.”
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A 2014 study from the Australian Pregnancy Register (APR) suggested that seizure control
during pregnancy might relate to the AED regimen used.3¢ The authors found that, among
pregnancies managed with monotherapy, risk of seizures was lowest with valproate (27%),
levetiracetam (31.8%), and carbamazepine (37.8%). A higher risk of seizures was seen with
lamotrigine (51.3%). Phenytoin (51.2%) and topiramate (54.8%) were also associated with
a higher risk of seizures; however, the sample sizes of these groups were small. EURAP
also reported a higher risk of seizures in patients taking lamotrigine or oxcarbazepine.33:37
In contrast to the findings of the APR, one small study that compared seizure frequency

in pregnancy to a woman’s 1-yearbaseline found a greater risk of increasing seizures

in patients treated with levetiracetam monotherapy (47%) compared with lamotrigine
monotherapy (38%)38 The NAAPR also published the rates of seizures during pregnancy,
with levetiracetam having similar rates to lamotrigine.3°

One possible explanation for the findings of the APR and EURAP is the variable
metabolism of AEDs during pregnancy. For example, lamotrigine clearance depends heavily
on glucuronidation, a process induced by the increases in estrogen during pregnancy. In

the majority of women with epilepsy (77%), lamotrigine clearance increases by over 200%
over the course of pregnancy.*? Lamotrigine doses need to be increased substantially over
the course of a pregnancy to maintain prepregnancy levels. Doses of over 600 mg/d are

not uncommon by the end of pregnancy. One study demonstrated that close monitoring

of lamotrigine levels on a monthly basis with corresponding dose adjustments resulted in

a relatively low rate of seizure deterioration (19%), similar to that seen in pregnancies
managed with other AEDs.#! Oxcarbazepine clearance is also dependent on glucuronidation,
and this may play a role in the increased seizure frequency observed in prior cohorts.*2

In contrast, carbamazepine levels are relatively stable throughout pregnancy, which may
account for observed seizure stability.*3 It is not yet clear whether AED metabolism and

the need for dose adjustments will completely explain the findings of the APR and EURAP
cohorts. Both registries reported that lamotrigine dosing had been increased in less than 50%
of cases,33:36 suggesting that many did not have levels monitored. In the APR, only 15.9%
of levetiracetam pregnancies were noted to have dose adjustments during pregnancy,38
which is interesting given that levetiracetam metabolism appears to increase significantly
during pregnancy as well.38 Future prospective studies during which appropriate dose
adjustment is made will be necessary to resolve this question.

Therapeutic Drug Monitoring

In addition to the recognized changes in AED metabolism over the course of pregnancy,
substantial interindividual variation in metabolism also exists.*0 AED adjustments during
pregnancy are an important part of caring for a woman with epilepsy and should be directed
by AED levels whenever possible. AED levels should be checked monthly for most drugs,
especially for women on lamotrigine or oxcarbazepine. As part of planning a pregnancy, it

is ideal to obtain several baseline levels when the patient is at her optimal seizure control

in order to set her target therapeutic level. It is also important to recognize that AED
metabolism can return to baseline relatively quickly postpartum. In the case of lamotrigine,
prepregnancy clearance rates are reached within 2 to 3 weeks.*? To avoid toxicity, the patient
should be given a plan before delivery to reduce her AEDs postpartum. Depending on the
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patient and her baseline drug levels, the authors commonly leave patients at a slightly higher
dose than baseline for the first 1 to 3 months postpartum to protect them from the effects of
sleep deprivation.

For women of childbearing age taking AEDs, the AAN practice guideline recommends folic
acid supplementation of 0.4 mg/d to 4 mg/d.** (Refer to Appendix C for a summary of

the AAN evidence-based guideline for clinicians.) These recommendations are extrapolated
from folic acid supplementation in the general population, which reduces risk for neural
tube defects.#> Additionally, several AEDs have been associated with lower serum folic
acid levels, and low first-trimester serum folic acid levels have been correlated with an
increased risk for congenital malformations in women with epilepsy.#6:47 Little direct
evidence actually exists that folic acid reduces the risk of major congenital malformations
in women taking AEDs, although the AAN practice parameter indicates that prior studies
may have been underpowered to detect a benefit.*# Folic acid may also reduce the risk of
miscarriage in women with epilepsy.#8 Similar to some studies in the general population,
the NEAD study found an association between periconceptual folic acid supplementation
(0.4 mg/d or more) and higher 1Qs in children of women with epilepsy.23 In contrast, in

the LMNG study of cognitive development in children of women with epilepsy, no specific
association between folic acid and 1Q was identified; however, LMNG assessed folate use
in the first trimester rather than periconceptionally.24 The optimal dose of folic acid is not
known. Recent concerns about the effect of high-dose folic acid have been raised by a study
that found delayed psychomotor development in children of women exposed to doses greater
than 5 mg/d compared to women who took doses of 0.4 mg/d to 1 mg/d.4° This study
excluded women with epilepsy. More research is needed to determine the optimal dose of
folic acid in women with epilepsy.

Third-trimester vitamin K supplementation has been suggested for women taking enzyme-
inducing AEDs (EIAEDS) (eg, carbamazepine, phenytoin, phenobarbital; refer to Table 11-3
for other EIAEDs). This suggestion is based on a concern for increased risk of intracranial
neonatal hemorrhage associated with EIAED exposure that was reported in early case
studies. In a large epidemiologic study of 662 women with epilepsy taking EIAEDSs during
pregnancy, no significant difference in bleeding complications of the newborns of mothers
using EIAEDs and control subjects was shown when all children received vitamin K at

birth (as is standard of care in the United States).>° The 2009 AAN guideline states that
insufficient evidence exists to recommend for or against the practice of peripartum vitamin
K supplementation.44

Breast-feeding

The benefits of breast-feeding have been well established and include a decreased risk of
infections, diabetes mellitus, leukemia, and sudden infant death syndrome in the infant and
a decreased risk of breast and ovarian cancer as well as diabetes mellitus in the mother.5
Breastfeeding also promotes mother-infant bonding. In the NEAD study, children exposed
to carbamazepine, lamotrigine, phenytoin, or valproate in breast milk as infants had higher
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IQs and language scores at 6 years of age when compared to those children whose mothers
were taking AEDs and did not breast-feed.52 A transient improvement on parent-reported
developmental abilities of children was noted in breast-fed infants in a Norwegian cohort
of AED-exposed children at 6 and 18 months, although the effect was not sustained at 36
months.53 Neither study found adverse effects on developmental outcomes related to breast
milk exposure to the studied drugs (carbamazepine, lamotrigine, phenytoin, and valproate).
While further prospective studies of AED exposure via breast milk are necessary, for most
AEDs, the theoretical concern of prolonged infant exposure likely does not outweigh the
known benefits of breast-feeding.

Postpartum Safety

A key part of managing a pregnancy in a woman with epilepsy is discussing seizure safety
with her and her family. While breast-feeding should be supported and encouraged, the sleep
deprivation associated with trying to feed a newborn every 2 to 4 hours may lower the
seizure threshold in many women with epilepsy. Family members should be asked to help
with night feedings with either expressed breast milk or formula so the patient can get a
stretch of uninterrupted sleep (typically 6 to 8 hours, depending on the patient). To maintain
milk supply, the patient may have to pump milk additional times during the day. Other safety
recommendations include giving the child baths only in the presence of another adult and
changing diapers on a pad on the floor instead of on a changing table. Avoiding stairs when
possible and using a stroller rather than an infant carrier strapped to the mother should also
be considered. The importance of not having an infant sleep in bed with the parents should
be stressed. Women with epilepsy are at increased risk for postpartum depression, and this
should be discussed with the patient and her family both before and after delivery.>*

CONTRACEPTION

Despite the importance of carefully anticipated pregnancies in women with epilepsy, 50%
of women with epilepsy report that their pregnancies were unplanned, a number similar
to that of the general population.2 Many patients are unaware of important drug-drug
interactions between AEDs and hormonal contraception that can lead to contraceptive
failure.®® Discussing appropriate contraception is an important part of managing a woman
with epilepsy and should be addressed by both her neurologist and gynecologist. Both
specialties should be aware of numerous different drug-drug interactions between AEDs
and hormonal contraception. Moreover, the clinical significance of some pharmacologic
interactions remains unclear and controversial, making firm recommendations difficult. Both
the Centers for Disease Control and Prevention (CDC) and World Health Organization
(WHO) have released evidence-based reviews and opinions on the use of contraception in
women with epilepsy.?6:57

The most reliable form of reversible contraception for any woman is the intrauterine device
(IUD) (Table 11-4), and this is considered the contraceptive method of choice for most
women with epilepsy.>8 While the IUD used to be reserved for women who have previously
given birth, it is now clear that it can be used safely in nulliparous women and has been
recommended as an optimal form of contraception for teenage girls by the American
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Academy of Pediatrics.5% Three types of IUDs are available in the United States, a copper
IUD and two levonorgestrel-releasing IUDs. The copper IUD is approved for 10 years

of use, the 52-mg levonorgestrel-releasing IUD is approved for 5 years, and the 13.5-mg
levonorgestrel-releasing 1UD is approved for 3 years. The 52-mg levonorgestrel-releasing
IUD is approved for the treatment of heavy menstrual bleeding as well as contraception.
Both the copper and levonorgestrel-releasing 1UDs are relatively free from clinically
significant drug-drug interactions. Although the levonorgestrel-releasing 1UDs contain a
progestin, levonorgestrel, serum concentrations of levonorgestrel are 200 pg/mL or less,
and the device is thought to exert its contraceptive effects locally. A study of the efficacy
of the 52-mg levonorgestrel-releasing IUD in 56 women taking EIAEDs found a failure
rate of 1.1% per year.81 Although this failure rate is slightly higher than the failure rate

of 0.2% seen in larger general population studies, it is still much lower than that of other
contraceptive options. A comparable study of the 13.5-mg levonorgestrel-releasing 1UD is
not available.

Numerous forms of hormonal contraception are available (Table 11-4). Some use a
combination of synthetic estrogens (typically ethinyl estradiol) and progestins; this group
includes the most widely prescribed form of contraception, combined oral contraceptive pill
(“The Pill). Others use only synthetic progestins.

Enzyme-inducing Antiepileptic Drugs and Contraception

EIAEDs are inducers of hepatic P450 enzymes and induce the metabolism of both

ethinyl estradiol and synthetic progestins (Table 11-3). Contraceptive failure has been
reported when these medications have been used with combined hormonal contraception.
Thus both the CDC and WHO advise against combining EIAEDs with combined oral
contraceptive pills, the vaginal ring, or the transdermal patch.6:57 While some authors have
previously recommended using combined oral contraceptive pills with a higher dose of
ethinyl estradiol, no evidence exists to support this approach, and, in fact, early reports of
contraceptive failure occurred in women taking higher-dose pills and EIAEDs.52

Depot medroxyprogesterone acetate is an injection typically administered as 150 mg every
12 weeks. Both the CDC and WHO state that depot medroxyprogesterone acetate can

be used safely in patients taking EIAEDs.%6:57 Officially, no adjustment of the depot
medroxyprogesterone acetate dose or administration interval is recommended, as in patients
not taking medications the depot medroxyprogesterone acetate dose at 3 months in most
women is greater than that needed to suppress ovulation, but the potential effect of EIAEDs
on depot medroxyprogesterone acetate, which is metabolized by the P450 system, has not
been studied.

The etonogestrel subdermal implant is inserted into the arm and supplies a synthetic
progestin for up to 3 years. The CDC and WHO state that the implant “can be considered”
in women taking EIAEDs, but note that its efficacy may be reduced. Pregnancies have
been reported in women using the implant while taking carbamazepine, phenytoin, or
phenobarbital.>”-63 Women using this combination should be strongly encouraged to use
an additional form of contraception.
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Topiramate and Contraception

The effect of topiramate on hormonal contraception is controversial. Topiramate is a
weak inducer of P450 enzymes, and its effect appears to be dose-related. There may

also be interindividual variability in susceptibility to this enzyme-inducing effect. When
used in combination with combined oral contraceptive pills, topiramate at doses of 200
mg/d to 800 mg/d can lower ethinyl estradiol serum concentrations but not norethindrone
concentrations® In one study, however, topiramate doses of 200 mg or less did not
significantly reduce ethinyl estradiol concentrations in women taking a pill containing

35 mcg of ethinyl estradiol and 1 mg of norethindrone, and the authors argued this
combination should provide effective contraception.® Nevertheless, the WHO and CDC
consider topiramate an EIAED and advise against combining it with any form of hormonal
contraception other than depot medroxyprogesterone acetate and possibly the etonogestrel
implant.56:57 If topiramate is used in conjunction with combined oral contraceptive pills,
condom use should also be encouraged and low-dose (less than 35 mcg ethinyl estradiol)
pills should probably be avoided.

Lamotrigine and Contraception

Lamotrigine has complex bidirectional interactions with hormonal contraception. Ethinyl
estradiol induces glucuronidation pathways, resulting in significant decreases in lamotrigine
levels by over 50%, and can result in loss of seizure control if dosing is not adjusted (Case
11-2).56 The induction of glucuronidation by ethinyl estradiol manifests and disappears
quickly, within a few days, thus lamotrigine levels can also rise during the hormone-free
week built into most combined hormonal contraception.®7:68 This may result in symptoms of
lamotrigine toxicity in patients requiring higher baseline levels.

Based on the risk of increased seizures, the WHO and CDC advise against the combination
of lamotrigine and all combined hormonal contraceptive methods.>%:57 However, a
neurologist experienced in adjusting lamotrigine dosing usually can circumvent this issue.
An understudied question is whether lamotrigine can have a clinically significant impact

on the efficacy of hormonal contraception. In one study, lamotrigine 300 mg given in
combination with a combined oral contraceptive pill containing 30 mcg of ethinyl estradiol
and 150 mcg of levonorgestrel decreased levonorgestrel levels by 19%.5° An increase in
follicle-stimulating hormone and luteinizing hormone levels and intermenstrual spotting was
also seen, although ovulation was not thought to have occurred based on luteal progesterone
levels. Many of the combined oral contraceptive pills prescribed today have low doses (less
than 30 mcg) of ethinyl estradiol and rely heavily on the effect of the progestin component
to suppress ovulation. It is not clear whether the effect of lamotrigine on the progestin
component might compromise efficacy of low-dose pills. If lamotrigine and combined oral
contraceptive pills must be combined, one strategy is to use a pill with at least 30 mcg

of ethinyl estradiol and consider using an extended-cycle regimen with either a short or

no placebo week as in Case 11-2. Eliminating the placebo week avoids fluctuations in
lamotrigine levels and may increase the efficacy of the combined oral contraceptive pill.
Triphasic pills, which vary the amount of ethinyl estradiol or the progestin throughout the
month, should not be used.
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More research on the effect of various AEDs on the progestins in hormonal contraception
is needed. At the recommended dose of 12 mg, the new AED perampanel decreases
levonorgestrel levels by 40%, and the manufacturer recommends using additional
nonhormonal contraception if levonorgestrel-containing oral contraceptive pills or
subdermal implants are used with perampanel.”®

Emergency Contraception

In the United States, emergency contraception (also known as “the morning-after pill”)

is available in the form of two 0.75-mg levonorgestrel pills taken 12 hours apart.

The effect of EIAEDs on this levonorgestrel preparation is not known. A copper IUD
inserted within 5 or more days of intercourse also provides highly effective emergency
contraception as well as ongoing contraception.56 In the United Kingdom, the Royal College
of Obstetricians and Gynaecologists (RCOG) recommends copper 1UD insertion, when
needed, as emergency contraception for women taking EIAEDs.”! If levonorgestrel is used
for emergency contraception in women taking EIAEDSs, the RCOG recommends that the
dose of levonorgestrel should be doubled (3-mg total dose). Others recommend an initial
dose of 1.5 mg followed 12 hours later by an additional 0.75 mg.’? It is not known if

the effect of lamotrigine or perampanel on levonorgestrel levels would affect emergency
hormonal contraception, and no specific emergency contraceptive recommendations for
these medications have been made.

EFFECT OF SEX HORMONES ON SEIZURES

Many women notice an association between their seizures and menstrual cycles. Both
preclinical and clinical data suggest that the female sex hormones estrogen and progesterone
can alter seizure susceptibility. Catamenial epilepsy is defined by a pattern of increased
seizures at specific times in the menstrual cycle that are characterized by an increased
estrogen-to-progesterone ratio. The most commonly used definition of catamenial epilepsy
was described by Herzog and is characterized by a twofold increase in seizure frequency
during one of three vulnerable time periods compared to seizure frequency during the rest
of the menstrual cycle. Based on this definition, catamenial epilepsy affects 42% of women
with epilepsy.”3 Within this group of patients, the most common pattern is the C1 pattern, a
perimenstrual pattern in which seizures occur predominantly between day -3 and day +3 of
the menstrual cycle (Figure 11-374). C2 is a periovulatory pattern in which seizures are seen
mostly on days +10 to —13. In the C3 pattern, seizures are most common in the luteal phase,
day +10 to day +3 of the next cycle. This pattern is most commonly seen in anovulatory
cycles, but may also be seen in ovulatory cycles. A common feature of all patients with
catamenial epilepsy is a relative decrease in seizures during the follicular phase (days 4 to
9).

Careful tracking of seizure frequency, menstrual cycles, and, ideally, ovulation is essential
to make a diagnosis of catamenial epilepsy. At-home methods of tracking ovulation
include tracking first morning temperatures and over-the-counter ovulation tracking kits.
Smartphone menstrual tracker applications can also be helpful. For many patients, tracking
their seizure patterns gives them a better sense of control over an otherwise unpredictable
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condition. Although it is important to recognize and understand catamenial epilepsy,
research on treatment options is still limited. At present, no unique treatment options for
these patients have been proven to be more beneficial than standard therapies. Hormonal
therapies or hormonally targeted treatment should never be offered as first-line therapy.
Management should begin with standard AED therapies, appropriate for the patient’s
epilepsy type, and epilepsy surgery, if appropriate, for patients with intractable epilepsy.

For patients in whom standard treatments have failed, several adjunctive treatments targeting
catamenial patterns have been evaluated (Table 11-575-80) although most studies have

been small case series. The most robust study of catamenial epilepsy was a multicenter
prospective placebo-controlled trial of natural progesterone. Women received 200 mg natural
progesterone lozenges 3 times a day for days +14 to +25 of their cycle and then tapered

the dose over the next 3 days. Overall, the trial did not demonstrate a difference between
placebo and progesterone therapy. A secondary analysis indicated that women with the

C1 pattern were most likely to be responders, with 21% to 57% of them having a 50%

or more reduction in seizures.8% Thus progesterone, as prescribed in the trial, may be an
appropriate adjunctive treatment for patients with predominantly perimenstrual seizures.
Further research is necessary to determine if a different progesterone regimen might be
beneficial for women with other catamenial patterns.

CONCLUSION

The selection of an AED for a woman of childbearing age should keep future pregnancies
in mind. The goal should be to find the agent that best controls her seizures at the

lowest possible dose. Given the significant risk of structural and cognitive teratogenesis,
valproate is a poor first-choice AED in women of childbearing age, and if valproate is
prescribed, it should be kept at the lowest dose needed. Pregnancy and contraception
should be discussed with women with epilepsy early in their treatment and revisited
regularly. AED changes, if necessary, should ideally be initiated 1 year before conception.
Changing AED regimens once a woman is already pregnant offers little reduction in the
risk of major congenital malformations. Whether in utero effects of AEDs on cognitive
development, which are thought to largely occur in the third trimester, could be improved
by switching appropriate patients off valproic acid during pregnancy is not known, and the
risk of precipitating seizures has to be considered. Thus, addressing AED changes prior to
pregnancy is preferable. For all AEDs, therapeutic drug monitoring during pregnancy should
be performed,; this is most critical for patients taking lamotrigine and oxcarbazepine.

Early discussion of the effectiveness of contraception and drug-drug interactions is also a
critical part of caring for women with epilepsy and can help prevent unplanned pregnancy.
An IUD is the most effective form of reversible contraception and a good option for

many women with epilepsy. Finally, the effect of female hormones on seizure frequency is
important to understand and discuss with patients. In some cases, adjunctive therapies for
catamenial epilepsy are appropriate, although more research is needed to identify highly
effective therapies.
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Case 11-1

A 28-year-old woman with juvenile myoclonic epilepsy presented for prepartum
counseling. She had a history of convulsive seizures and myoclonic jerks and had been
on divalproex sodium extended-release (ER) 500 mg 2 times a day since age 14 with
remission of both seizure types. A prior attempt to decrease divalproex sodium ER to
250 mg 2 times a day resulted in breakthrough convulsions. It was recommended that
the patient stay on an antiepileptic drug (AED) through pregnancy but that switching to
either levetiracetam or lamotrigine would minimize risk of teratogenesis. Levetiracetam
was started, divalproex sodium was weaned, and the patient started on a daily prenatal
vitamin as well as folic acid 1 mg daily. After a few weeks on levetiracetam 750 mg 2
times a day, the patient reported severe depressive symptoms. Lowering the dose to 500
mg 2 times a day resulted in a recurrence of myoclonic jerks and not much improvement
in her mood. At this point, the patient was started on lamotrigine with a plan to wean
levetiracetam. When the patient reached a lamotrigine level of 7 mcg/mL on a dose of
150 mg 2 times a day, levetiracetam was weaned. The patient felt emotionally better on
the combination of lamotrigine 150 mg 2 times a day and levetiracetam 250 mg 2 times
a day, but once levetiracetam was discontinued, she had daily myoclonus. Levetiracetam
was resumed at 250 mg 2 times a day in addition to lamotrigine. She remained seizure
free on this combination for 9 months before conceiving. Baseline levels of levetiracetam
and lamotrigine were drawn to establish her target levels for pregnancy. She did well in
pregnancy and the postpartum period with monthly monitoring and dose adjustment of
both AEDs.

Comment.

This case illustrates the challenges involved in adjusting a woman’s AEDs prior to
pregnancy. This can be a relatively long process, and it is important to observe a period
of seizure freedom once the regimen is changed. Valproate should be avoided whenever
possible in women planning pregnancy. If the patient has efficacy or tolerability issues
with lamotrigine or levetiracetam, each of which are associated with lower teratogenic
risks compared with valproate, the combination of the two drugs can be considered. New
data suggest that teratogenic risk is not necessarily increased by polytherapy, especially
if the polytherapy does not include valproate. Although the specific combination of
levetiracetam and lamotrigine still needs to be studied, it is likely preferable to valproate
monotherapy.
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Case 11-2

A 20-year-old woman presented for evaluation of worsening seizures. She was diagnosed
with generalized epilepsy at age 14 after her second tonic-clonic seizure. She was started
on lamotrigine but continued to have one tonic-clonic seizure every 2 to 4 months until
her dose reached 200 mg 2 times a day, which corresponded to a level of 9 mcg/mL. On
this dose, she remained seizure free for 4 years. Three months prior to presentation, she
started a combined oral contraceptive pill for symptoms of polycystic ovary syndrome,
including irregular menses, significant acne, and hirsutism. She also desired a second
birth control measure in addition to consistent condom use. Within the first 2 months

of starting the combined oral contraceptive pill, she had three more unprovoked tonic-
clonic seizures. Her lamotrigine level at this time was 5.3 mcg/mL despite compliance
with her prior lamotrigine regimen. An intrauterine device (IUD) was considered, but
she preferred to stay on the combined oral contraceptive pill, if possible, as it had
significantly improved her polycystic ovary syndrome symptoms. Her lamotrigine dose
was increased to 300 mg in the morning and 250 mg at night, and she began taking her
combined oral contraceptive pills continuously, without a placebo week. On this regimen,
her lamotrigine level was 9.6 mcg/mL, and she has remained seizure free for another 3
years.

Comment.

This case illustrates the important interactions between estrogen-containing hormonal
contraception and lamotrigine. Ethinyl estradiol is a potent inducer of lamotrigine
metabolism and can cause lamotrigine levels to fall, which can lead to a loss of seizure
control. This can be addressed by increasing the dose of lamotrigine when estrogen-
containing combined oral contraceptive pills are started and by monitoring drug levels
before and after initiation. During the placebo week of most combined oral contraceptive
pills, lamotrigine levels can rise and cause side effects, thus taking the pills continuously,
without a placebo week, is preferable. This also improves contraceptive efficacy. Because
of a lack of drug-drug interactions and better contraceptive efficacy, an IUD would

have been the ideal contraceptive option for this patient; however, this would not have
addressed the symptoms of polycystic ovary syndrome, which was important to this
patient.
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KEY POINTS
. Up to 50% of pregnancies in women with epilepsy are unplanned.
. Most women with epilepsy feel that their health care providers do not initiate

conversations about pregnancy and contraception, and one-third say they have
never discussed these topics with their physicians.

. Risks related to antiepileptic drug use and seizures during pregnancy can be
reduced by early prepartum counseling and planning.

. Prepartum counseling should start no later than the prescription of the first
antiepileptic drug to a woman of childbearing age.

. Valproate has been consistently associated with the highest rates of major
congenital malformations.

. It is common practice to recommend a level 11 ultrasound at 18 to 20 weeks
gestational age for women taking antiepileptic drugs during pregnancy. This
is a detailed anatomic evaluation, which provides very high sensitivity for
structural abnormalities affecting the fetus.

. Part of preparing a woman with epilepsy for pregnancy involves trying to
identify the minimum therapeutic dose (and corresponding level) that is able
to control her seizures.

. Polytherapy regimens that do not include valproate may not increase
teratogenic risks as much as previously thought.

. Valproate exposure during pregnancy has been associated with a decrease
in mean 1Q by 10 points as well as an increased risk of autism and autism
spectrum disorders in exposed children.

. Women with epilepsy do not appear to be at an increased risk of miscarriage.
However, there are several other pregnancy complications that are more
likely in women with epilepsy and may be related to the effect of seizures,
antiepileptic drugs, or both.

. Neither epilepsy nor antiepileptic drug use is usually an indication for a
cesarean delivery.

. Seizure freedom in the 9 months prior to pregnancy is a strong predictor of
seizure freedom during pregnancy.

. Lamotrigine metabolism can increase by over 200% during pregnancy, and
frequent dose adjustment is necessary to maintain seizure control.

. For most antiepileptic drugs, levels should be checked monthly during
pregnancy.
. Women whose antiepileptic drug doses have been increased over the course

of pregnancy should be given a plan to reduce their dose over the first 1 to 3
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weeks postpartum. In some cases, it may be appropriate to leave the dose a
little higher than baseline to protect against postpartum seizures.

Breast-feeding is safe for most women taking antiepileptic drugs and should
be encouraged.

The postpartum period can be a time of increased stress and sleep deprivation,
as well as increased seizure frequency in women with epilepsy. Health care
providers should engage members of the patient’s support system in creating
a postpartum safety plan.

The intrauterine device is the most effective form of reversible contraception
and is not limited by significant drug-drug interactions.

Both the Centers for Disease Control and Prevention and the World Health
Organization advise against combining enzyme-inducing antiepileptic drugs
with combined oral contraceptive pills, the vaginal ring, or the transdermal
patch.

The World Health Organization and Centers for Disease Control and
Prevention state that depot medroxyprogesterone acetate can be used in
conjunction with enzyme-inducing antiepileptic drugs, although the efficacy
of this combination has not been well studied.

Pregnancies have been reported with the combination of enzyme-inducing
antiepileptic drugs and the etonogestrel implant.

The effect of topiramate on the efficacy of hormonal contraception is
controversial; however, the World Health Organization and Centers for
Disease Control and Prevention consider topiramate an enzyme-inducing
antiepileptic drug and advise against combining it with any form of hormonal
contraception other than depot medroxyprogesterone acetate and possibly the
etonogestrel implant.

Hormonal birth control that contains synthetic estrogens can lower
lamotrigine levels by up to 50%.

Hormonal therapies for catamenial epilepsy should not be used in lieu of
standard epilepsy treatment.

Oral progesterone taken 3 times a day may reduce seizure frequency in
patients with the most common catamenial epilepsy pattern where seizures
typically occur 3 days before to 3 days after the onset of menses.
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FIGURE 11-2.
Distribution of full-scale 1Q scores across the control and valproate-exposed groups

in Liverpool and Manchester Neurodevelopmental Group (LMNG) prospective study of
antiepileptic drug—exposed children at 6 years. Colored dashed lines represent the mean
1Q for each group. The adjusted mean 1Q score of children exposed to high-dose (more
than 800 mg/d) valproate was significantly lower than that of controls (A<.0001), with an
adjusted mean reduction of 9.7 points. The adjusted mean 1Q score of the children exposed
to low-dose (800 mg/d or less) valproate was also lower than that of controls, although the
difference was not statistically significant (P=.09). This trend illustrates the dose-dependent
effect of valproate on cognitive development.

Reprinted with permission from Baker G, et al, Neurology.24 www.neurology.org/
content/84/4/382.short. © 2014 American Academy of Neurology.
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FIGURE 11-3.

Three patterns of catamenial epilepsy. Day 1 is the first day of menstrual flow and day —-14
is the day of ovulation. A, Normal cycle with normal ovulation. C1 pattern is associated with
exacerbation of seizures in the perimenstrual phase (day —3 to day +3 of next cycle), and

C2 pattern is associated with exacerbation of seizures in the periovulatory phase (day +10 to
day —13). B, Inadequate luteal phase cycle typically seen with anovulation. The C3 pattern is
associated with exacerbations during the luteal phase (day +10 to day +3 of the next cycle).
C = catamenial seizure pattern; F = follicular phase; L = luteal phase; M = perimenstrual

phase; O = periovulatory phase.
Reprinted with permission from Harden CL, Pennell

PB, Lancet Neurol.www.thelancet.com/journals/laneur/artide/P11S1474-4422(12)70239-9/

abstract. ©2013 Elsevier Ltd.

Continuum (Minneap Minn). Author manuscript; available in PMC 2022 January 06.


http://www.thelancet.com/journals/laneur/artide/PIIS1474-4422(12)70239-9/abstract
http://www.thelancet.com/journals/laneur/artide/PIIS1474-4422(12)70239-9/abstract

Page 25

Gerard and Meador

juaned yum uejd Aoueubaid e ysijgeis3
suaned areridoidde yum Buijasunod/Buiuaaids onauab ssnasig
Aoueubaud Joy |ans] 196Je] Usi|gelsa pue sawll [e4anas (S|ans] ybnoal Ajjespl) sjans] A3V 498yd

sabueyds @3v Burinp uondadenuod Jo asn asiape ‘Aoueubaid
Burinp 1013u09 ainzids 4o J0o1pald 158q aY) SI UOIAaIU0I 0} JoLd SYIUOW ZT—6 |04IU0I 84NZI3S Jeyl pulw ul Buidaay ‘sysii ybramino AjJesd syyausg aiaym sased Ul Ajuo Juswisnipe g3 Japisuod

S@3V 01 papuodsal 10U aAeY SaInzIas Woym ul syualed |je Joj Burioyuow juairedu]
uondaouodald JeaA T Uey] Sso] -
uondaoesuod arenbape ainsug
pI9® 21]0} 8NUNUOD
Aoueubaid Burnp asop 1snlpe 03 pasu pue ajqissod 31 Aoueubaid 01 Joud [ans)/asop Bulziwiuiw 4o anfea ssnasiq
AoueubBaid Bulinp saInzias Jo SYSK pue SqIY JO SYSI Usamiaq aoue|eq ssnasig
Jeak e sawi] Z 1ses| e (Sjans] ybnoay Ajjeapi) sjans] Bnup onnadesay) ysijgeis3y
Pa]10J3U0I [|aM UBBQ 9ARY S3INZIas 8soym sjuaited ul SQIV JO aSOp aseasdsd
SIeak y—g 10} 98.) 8InzI9S U] aney oym sjuaiied areridoidde ul femelpyiim @3y 40 [l e J1apIsuoD)
sa.nzi1ds Bul||0u0d Jou ale Jeyl sqIV
sisauafolela) paje1dosse Uo UOIeWIojul [elUBISgNS INOYHM STV
lengteqouayd pue ‘ajewesidol ‘areoidien se yans ‘sisauaBoresal Jo sared Jaybiy Yum pareldosse SqIv
Buimopoy ays Jo Aue Buixes syusized ui abueyd uoreaIpaw JapIsuod
swaned ajendosdde ur A1abins Asdajida Japisuo)
S@3V 01 papuodsal 10U aAeY SaInz1as Woym ui syualed |je Joy Burioyuow uaiyedu|
uo1daouodaad JesA T Uey] 340N <
uondagenuod arenbape ainsug 3w yum Buoje p/Bw 0 p1oe 210} LelS
AoueuBaid 03 paefas ul pue [esauab ul dueldWOdUOU @I PUB S3INZISS JO SYSLI SSNISI
Uasoyd @3V 8y pue st o1usfiorela) uo eyep ajge|reAe ssnasig
sISauaboIeIa) JO s MO| Yiim pue Jusiied Joy ajeridosdde 1sow a3V 8yl UeIS
saliois1y eardAre yum syusired ui (sg3y) sbnip ondsjidanue o1 Jord Burioyuow jusiredul Japisuo)
933 pue |4 Buipnjoul uonenjens Asdajida o1seq wioiad
sainzias ondajidauou se yons sasoubeip aAljeulslje JapIsuod
(sa1oueubaid Jond ‘sasuaw Jo Aouanbaly‘ayoseusw ‘B3) A10ISIYy aAIONPoIdal ‘suoeWIOeW [el8) pue Asdajida Jo A1oisiy Ajiwey'sioioey sii‘Aouanbaly‘sadAl ainziss (e Buipnjoul Aioisiy njaed

sisoubelq 1v <

maco_u‘%ocoo ybnody_L sisoubelq wo.4 Asdajid3 yuan UsWopn JO Juswabeue|y

T-1T 319vl

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

available in PMC 2022 January 06.

ipt;

7). Author manuscr

inn,

M

inneap

‘M.

Continuum (1



Page 26

Gerard and Meador

g'Ssald Aus1onuN sBpLgWe) ‘33 pIelds oy uolssiwiad ynm PaBIPOIN,,

‘Buibew soueuosal onaubew = YA ‘welbojeydaousonds)s = 933

Author Manuscript

Buipaay-1sealq ssnasiqg

uoneAtidap daajs ploAe 0] pasu pue ‘sjuegul 4oy Bulted ul Ayayes ainziss ‘Woddns [e190s ssnasig
Syaam 0z 1e (. punosen|n || [9A3],,) punosesl|n olwoleue payabire]
ajedoidde J1 ‘Buiasunod d1susD

sueIdIsAyd Jayio pue Juaned yim Bulusaios [ereusid sjeridoidde ssnasiqg

Sys1 yBramino AjJeajo s)yauaq 1aym sased euoidadxa ul Ajuo sqay Jamoj Jo 1snlpy

uejd Aoueubaid mainalysijgels3

p19e d1joy/uIwelA [eyeuaid Buies si usired wiuo)

u01daou021s0d pue uondsouodiiad -

Buipaay-1sealq ssnasiq

uolrenridap dasjs ploAe 0} pasu pue ‘syuejul Joy Bulied ul Alages ainziss ‘Loddns [e100s ssnasig

p/Bw y—°Q PIO. 91104 BNUIIUOI PUB UIWENA [ereudid Lels
poriad wnyuedasd pue Aoueubaid Burinp Juawisnipe uonesipaw dwoid |jim sjaAs] 3V 1o sadAl sainzias yoiym aproag
SyPaM 7 A1ana 1ses| e ‘Aoueubald 1noyBnolyr AjJusnbaiy 10w Pax I8yl ag 01 Paaul [|IM S[aAd] IV eyl aleme ag pjnoys uaiied

AoueuBaid Jo ubis 111y UO S10100P AJ1I0U PINOYS 1UdIRd

Author Manuscript Author Manuscript Author Manuscript

available in PMC 2022 January 06.

ipt;

7). Author manuscr

inn,

M

inneap

‘M.

Continuum (1



Page 27

Gerard and Meador

"31qeaijdde jou = wN (Bnip ondajidsnue = q3v

(8602) %<2 (z) wze (259T) %92 ‘e 19 MOLIOIAl 028002 ‘[€ 18 UNH ;£TOZ ‘e 18 ASUUIUMBIN g1 TOZ ‘I8 18 __mm%m%w Ansibai AoueuBaid puejall/Mn
(00TT) %6'C (87) %0 (0evT) %LT ,1¢TOZ ‘oulyleg ‘UoSWoL AnsiB3y yuIg [EOIPSIA USIPOMS
(e€8) %€ WN (589) %62 otPT0T ‘e 38 AgIon Ans1By yuIg [eo1paiN UeIBaMION
(z9sT) %0z (SVT) %L'0 (e€0T) %0°€ 1¢TOZ ‘e 19 Zela-zapugulaH AnsiBay AoueuBald 43V uedLIBWY YUON
(85ST) %22 VN wN 41170 ‘I8 18 uolbutuund Ans1Bay auIBliowe ] aulMYNWSoXe|9
VN VN (508) %2 16002 ‘[€ 18 BWENY Ansibay yuig JeuonieN puejui4

(0821) %6'C WN (zovT) %9's 21TT0Z ‘[e12 uoswol  AoueuBald pue sBrug ondajidenuy Jo AnsiGay [euomreulsul
(670T) %L°€ (69) %.'T WwN 111702 ‘PIAH ‘Uss|aIN-pIeeBlsiN AnsiBay ysiueq
(20€) %9'¥ (¥T) %0 (9v€) %S'S ot?10C '1e 1 eplen Ansifiay AoueuBaid uerfensny
auifinnowe unuadeqes  auldazeweqgte)d Apms Ansibay

lexusbuod Jaoley Jo syey

Author Manuscript

¢- 1T 319vl

Author Manuscript

Author Manuscript

sajey uonewloelN [enuabuo) tolen

Author Manuscript

Continuum (Minneap Minn). Author manuscript; available in PMC 2022 January 06.



Page 28

Gerard and Meador

(uondaoenuod
Burureluod-uabo.isa Yyiim) sjans| areosdjen paseasdsq

(uondaoenuod
Bulurejuoa-usbolisa Yum) sjans| auibrilowe| pasealdaq

umouxun

umouyun

umouxun

ON

ON areoudjen
s|ans| unsabold pasealdsqg auibriowe]
s|ana| unsaboid pasealdaq Jauedwelad

(108449 Juspuadap-asop) S|ans] |01peIISe [AUIYIS pasealdad ajewrsido]
apiweuiyn ‘suopiwud ‘ulojAusyd ‘fengreqouayd

sjana] unsaboud pasealoaq S|ana) |oIpe.Isa [AUIyle pasesldsq ‘auldazequeaxo ‘auidazequedl|ss ‘Wwezeqo|d ‘auidazewreqied
aplwesiuoz

‘ulireqeBiA ‘uljeqebald ‘welsorinans) ‘wedazelo] ‘apiwesode|

BUON ‘unuadeqeb ‘auiqefozs ‘apiwixnsoys ‘wedazelp ‘wedszeuo|d

¢uondagesiuo)d [euowoH
Aq paroayy

uondagejuo) [euowoH
uo 10943 Bnaqg ondsjidanuy

Author Manuscript

uondsde.iuo) JeuowloH pue sbnig ondajidanuy usamiag suoljoeiaiu|

€171 31gvl

Author Manuscript Author Manuscript Author Manuscript

Continuum (Minneap Minn). Author manuscript; available in PMC 2022 January 06.



Page 29

Gerard and Meador

s|id Ajuo-auouaisaboud ay3 yeyl sabpajmouioe Ing sjjid aAIdaoRIUOD [BIO PBUIGUUOD JO 81ed ainjIe) 8yl UO paseq

"31eJ ain|iey Jaybiy usns ue aney Ajaxi|

1d Ajuo-suoieisafiold 10} 818l 8INj1e) %46 © SBND |[3SSNIL ‘erep 013108ds JO 30e| & Jo asnesag

q

mm_:o_awom::oo ‘0 119sSNI L wouy aJe sares Aoueubald ‘suonoesaiul Bnip-Bnip ou pue asn [eaidAy Buiwnsse uoneindod [etauab ay) Woly ae sajel >o:mcmen_m

‘Buibew aoueuosal onpubew = YA

Aoeolysa anoidwi 03 9AOGE S3INSEAW 0} UONIPPE Ul pasn aq ue) AoueuBaid Buiuueld Jou Asdajids yim

UBWIOM 0} [e3pI 10U asn JejnBal yum AJeoiyyg aseasip paniwsuel) A|[enxas 40 UOISSILISURI} S3NPal 1eyl poyiall AJUuo ay} ale SWopuoD %12 Wopu0d aewa4
suonoessiul g3V ON %8T Wopuod afelN
spoyiaw Jareg
Jauedwedad pue auibriowe) %6
Ajqissod pue sg3v|3 Aq paonpal si s|jid Ajuo-suoisisabioud Jo Aoeoryy3 aoueljdwiod 1ua||9oxa alinbai s|jid Ajuo-auoisisabold q s|id Ajuo-auossisabold
SS0| 3UOQ 3]qISIaAd] UM PaTeIdosse SI uoiidalul a1e1ade auolalsaboidAxolpaw jodap ayL
panaIyde eayiouawe J1 siuaired awos Ul 1148Uaq 013U02-31Nnz1as Jaljo Aew uondaslul ajeiaoe auoiansaboldAxoipaw jodap ay L %9  uondalul aye1aoe auoiasaboidAxoipaw jodag
sa3vI3 Aq paonpai aq Aew juejdwi [aisebouoia ayy Jo Aoediy3 %50°0 yuejdwi [pa1s8bouoig
uondadeiuod Ajuo-suotalsaboad
651041U0D 21nZ13s uasiom Aew yoyed [ewsapsuel |
awo.IpuAs Areno ansAaAjod Jo swoldwAs yealy 01 pasn aq Aey %6 yoled [ew.spsuel |
s|ana| aulbLiowe] adnpal I %6 Buil jeuiben
(s@3awv13) sbnip andsjidanue BurdNpul-sWAzUs Yiim papuswitiodsl J0N %6 s|1d aAndaoeu0d [eI0 pauIquwo)
uondade3uod [euowIoy paulquod
Buipas|q [ensisuaw sajeulwl|a o sadnpas dn | Buisesjal-|annsabiouona] %I> ani buiseajal-jansabouons
SUOIINMIISUI BWOS 18 [YIN B|Sal-€ apnjdaid Aew @i Jaddod
suonoelaul (Q3v) Bnip ondspidanue jueayiubis oN %T> ani seddod
(ant) aa1nep aulagINeAU|
Asdajid3 Yyl USWOAN 10} SUOITRIBPISUOD o1BdA Jad poys N aAndaoesauod

saloueubaid

Asdajid3 ynpn uswopn 4oy suonelspisuo) pue ‘Aaeaiy3 ‘suondo aandasenuo)

¥-11 3719VvL

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Continuum (Minneap Minn). Author manuscript; available in PMC 2022 January 06.



Page 30

Gerard and Meador

“Jejnasnweiul = |||

(uononpai 9405< pey
saited 8saU} JO 9%T/-%92) puodsal 01 Aaxi|
2J0W dJ1aM saunzias [endisuswiiad Ajjediourid

yum syuaited 1ng ‘18w jou Juiod pus Arewitd

(a1q1s19n81) eIUBdO3ISO ‘BuInods
Jenisusw ‘ssaulapua) Isealq ‘ureb ybiapn
931} 8Inz18s a1am sjuaired oN
BayJllouawe analyae 0} palsnipe Buisog

eIUad0a1s0 ‘swoldwAs [esnedousiy

uonenwsiadAy uereno
/515A2 ueleno ‘ured d1Ajad ‘ssauiapus) 1sealg

uoissaidap ‘uonepas
wiezeqo|o pue ogadeld
104 01 papuodsai sjusited J0 94EE [eUONIPPE Uy

ssaulzzip ‘elinAjod

apiwe|0Ze)ade asop

-as|nd pue asn-snonuiuod papnjoul osfe Apnis
sjuaied Jo 94GT Ul padojansp aduels|OL

(58 = u) (ogaoe|d wouy JUBIBHIP J0U)
sjuaired JO 942z Ul S8INZIas Ul UoNINPal %0G<

(tt

U1 eayllouswe ‘4T = U) (%T/-%Sz abuel)oszs
Ssem slapuodsal Buowe uononpal aInzias Uesiy
eayJlouswe

Buinsiyoe asoyl Jo 9,E9 pue s1a8lgns pareas) Jo
950G Ul pajou Aousnbauy 8inzias Ul uononpay

(0t = u) (ausq
UMM 9408) %0S [eUOBIppE Ue Ul Juswanoldwi
ainziss ‘syuaied JO 040E Ul WOPaaly 3INzIss

(z1=
u) sjusized JO 9499 Ul SBINZIAS Ul UOIANPaI 940G<

(8T =
u) sjusized JO 9P Ul SBINZIAS Ul UOIINPaI 940G<

(0z =
u) siusied JO 9401 Ul SBINZISS Ul 8588198 %0G<

8¢ Aep uo pysawn € B g 229 skep
uo p/sawi € B 00T ‘SGz—+T sAep uo pysswn € Bw 002

SyaM ZT-9 Alans

N Bw 0GT-02T @1e190e auolaisabosdAxolpaw jodag
10

p/sawn -z ‘Ajredo Bw QT auotaisaboidAxolpain

sxam ¥ A1ans NI Bw G2°¢

31942 fennsusw
JTejnBal [un asealoul asop ‘6—G sAep uo p/Bw 00T-SZ

SasuaW
a1049q sAep y—g Buluuibaq sAep QT Jo) p/Bw 0E-02

sAep /-G loj ‘sasusll
81033q sAep g Buels (p/6 T 01 dn) p/By/Bw ¢ LIS

08C102 ‘I®
18 BozlaH sabuazo| auoiaisaboid

65,7861 ‘[e
18 uospe| auoialsaboldAxoipay

,C66T
‘[e 18 Janeg (u1ja101duiy) anbojeue
auowuoy Buisesjal-uidosiopeuos

,,886T ‘B0zIaH a1emo susydiwo|d

0,286T ‘[e 18 A]384 wezeqo|D

¢,T00Z ‘I8 1 W] apIwe|ozesy

$108)43 8IS pUE SIUBLLIWIOD

Author Manuscript

(5z1S ajdwies) Aoy

Buisoq

Apnis pue bnug

Asdajid3 feluawele) Joy syuswieal] aAnounlpy

S-1T7 3719Vl

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2022 January 06.

ipt;

7). Author manuscr

inn,

M

inneap

‘M.

Continuum (1



	Abstract
	INTRODUCTION
	PREGNANCY
	Structural Teratogenesis
	Effect of dose.
	Polytherapy versus monotherapy.


	Table T1
	Cognitive Teratogenesis
	Obstetrical and Perinatal Outcomes
	Seizure Frequency During Pregnancy
	Therapeutic Drug Monitoring
	Folic Acid
	Vitamin K
	Breast-feeding
	Postpartum Safety

	CONTRACEPTION
	Enzyme-inducing Antiepileptic Drugs and Contraception
	Topiramate and Contraception
	Lamotrigine and Contraception
	Emergency Contraception

	EFFECT OF SEX HORMONES ON SEIZURES
	CONCLUSION
	References
	FIGURE 11-1
	FIGURE 11-2
	FIGURE 11-3
	TABLE 11-1
	TABLE 11-2
	TABLE 11-3
	TABLE 11-4
	TABLE 11-5

