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Abstract

Purpose of Review The purpose of this review is to summarize the current available literature on contraception for women with
epilepsy, and to provide recommendations for women with epilepsy on enzyme-inducing anti-seizure drugs and on non-enzyme-
inducing anti-seizure drugs.

Recent Findings A recent study has confirmed the safety of the levonorgestrel-containing intrauterine device for women with
epilepsy, with no effect on seizure control or anti-seizure drug levels. Other recent studies have found low serum etonogestrel or
levonorgestrel levels in women on enzyme-inducing anti-seizure drugs and the etonogestrel or levonorgestrel implant, making
this an unsuitable method for women on such drugs.

Summary Women with epilepsy have an especially compelling need to avoid unplanned pregnancy, as some common anti-
seizure medications have teratogenic or detrimental neurocognitive effects on exposed children. Women on enzyme-inducing
anti-seizure drugs and their physicians must be particularly aware of drug interactions with hormonal contraceptive methods.
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Introduction

Pregnancy planning and effective contraception are of vital
importance for women with epilepsy (WWE). Many anti-
seizure drugs (ASDs) used to control epileptic seizures have
the potential for teratogenic effects, low birth weight, and
neurocognitive effects in offspring exposed to the ASDs in
utero [1, 2e, 3]. Generalized tonic-clonic seizures during preg-
nancy are associated with prematurity and low birth weight
[4]. Therefore, effective contraception so that pregnancy can
be avoided until desired is a high concern for WWE (Box 1).

Box 1 Highly effective means of contraception of choice for patients on
EI-ASDs

Intrauterine device — copper

Intrauterine device — levonorgestrel
Depot medroxyprogesterone acetate (DMPA)
Tubal ligation
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While WWE are in need of effective contraception, they
also have unique challenges. Many ASDs interact with hor-
monal contraception, reducing the effectiveness of contracep-
tion or of the ASD, which can lead to unintended pregnancies
or breakthrough seizures. In addition, some exogenous hor-
mones can have an effect on seizures, raising the possibility
that seizure control may be affected by contraception itself.

Hormonal Aspects of Epilepsy

Epilepsy is a disorder characterized by recurrent, unprovoked
seizures [5]. Epileptic seizures are symptoms or signs caused
by abnormal firing of neurons in the brain [6], and consist of
generalized body shaking, sudden loss of awareness, confu-
sion, abnormal limb movements, or other symptoms. First-
line therapy for seizures involves medication with ASDs,
which can control seizures in approximately 2/3 of patients
with epilepsy [7].

About 1/3 of women have an increase in seizures related to
the menstrual cycle. This seizure exacerbation can occur in the
premenstrual phase, around the time of ovulation, or through-
out the luteal phase in anovulatory cycles [8]. Experiments in
the 1950s demonstrated that exogenous estrogen produces an
increase in epileptiform brain activity in WWE [9], while pro-
gesterone (and in particular the naturally occurring metabolite
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allopregnanolone) has a calming effect on epileptiform brain
activity [10, 11].

AED-Hormonal Contraceptive Interactions
Effect of ASDs on Contraceptives

The effects of ASDs on oral contraceptives, including contra-
ceptive failure resulting in failure and breakthrough bleeding,
have been known since the 1970s [12]. Many ASDs, particu-
larly earlier ASDs such as carbamazepine and phenytoin
which were approved before 1990, have enzyme-inducing
effects on liver enzymes. These enzyme-inducing ASDs (EI-
ASDs) particularly affect the cytochrome P450 and
glycuronyl transferase systems [13]. Estrogens (and proges-
tins) are metabolized in part by the cytochrome P450 [14¢]. In
addition, EI-ASDs can increase sex hormone—binding globu-
lin. Together, these effects can lead to decreased serum estro-
gen levels, for both physiologic and exogenous estrogen com-
pounds. In women not taking hormonal birth control, this can
lead to menstrual irregularities [15, 16] and to sexual dysfunc-
tion [17]. In women taking an estrogen-containing birth con-
trol, the exogenous estrogen is effectively lowered, which can
lead to breakthrough ovulation and decreased effectiveness of
birth control. Table 1 lists common ASDs and their effects on
estrogen and progesterone.

Multiple studies have demonstrated the interactions be-
tween contraceptives and ASDs. Therefore, the World
Health Organization Working Group on medical eligibility
for contraceptive use has recommended that women taking
EI-ASDs do not use COCs, progesterone-only pills,

transdermal patch, or vaginal ring as first-line contraceptive
therapy due to the risk of unintended pregnancy [30]; US
Medical Eligibility for Contraception (MEC) guidelines are
similar, encouraging women on EI-ASDs to use alternatives
to these methods [31]. Women on EI-ASDs should be encour-
aged to use one of the highly effective methods in Table 2
[31].

Oral Contraceptives

EI-ASDs reduce ethinyl estradiol levels from COC, and thus
low-dose COC are not advisable in women taking these med-
ications. Women who must take an EI-ASD and COC should
take a preparation with at least 30-50mcg/day of estrogen [31,
32].

One study of ten women who completed a crossover study
of low-dose (20 pg ethinyl estradiol and 100 pg levonorges-
trel) COC and carbamazepine use found that ovulation oc-
curred in five of ten women on carbamazepine versus one of
ten on placebo, and 3 or more days of breakthrough bleeding
occurred in eight of ten women on carbamazepine compared
to two of ten on placebo; ethinyl estradiol and levonorgestrel
levels were significantly lower during carbamazepine use
[33]. A related ASD, oxcarbazepine, also reduced estrogen
and levonorgestrel levels by 47% in 22 women taking COC
and oxcarbazepine, compared to COC and placebo [34]. The
newest related medication, eslicarbazepine, also decreased
ethinyl estradiol exposure by up to 42% in a crossover trial
of 20 healthy women [19]. These reductions are predicted to
be clinically significant (i.e., could lead to breakthrough ovu-
lation and failure of contraceptive efficacy) as they are similar

Table 1 Common anti-seizure
drugs (ASDs) and their effects on
estrogens and progestins

ASD

Effect on estrogens by ASD
(% reduction, where available)

Effect on progestins by ASD
(% reduction, where available)

Enzyme-inducing ASDs
Carbamazepine
Eslicarbazepine
Oxcarbazepine
Phenobarbital

Phenytoin

Topiramate

Perampanel
Non-enzyme-inducing ASDs
Gabapentin
Lacosamide
Levetiracetam
Lamotrigine
Valproate
Zonisamide

Reduced (43) [18]

Reduced (42) [19]

Reduced (47) [20]

Reduced (50) [21]

Reduced (50) [18]

Reduced (30; at >200 mg/day) [20]
No effect [20]

No effect [24]
No effect [25]
No effect [26]
No effect (reduced by estrogen) [27]
No effect [28]
No effect [29]

Reduced (40) [18]

Reduced (24) [19]

Reduced (47) [20]

Reduced [22]

Reduced (42) [18]

No effect [23]

Reduced (40; at > 12 mg/day) [20]

No effect [24]
No effect [25]
No effect [26]
Reduced (19) [27]
No effect [28]
No effect [29]
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to the reductions in carbamazepine which led to breakthrough
ovulation [33, 34].

In women who add phenytoin to a standard-dose COC,
ethinyl estradiol levels are reduced by 50% compared to base-
line [18]. Topiramate reduces ethinyl estradiol steady-state
levels by up to 30%, with a dose-dependent effect [23].
Similarly, phenobarbital lowers the level of ethinyl estradiol
by over 50% compared to baseline and can cause break-
through bleeding in women taking oral estrogen preparations
[21]. Perampanel, a newer ASD, reduces levonorgestrel by
40% [20].

Similarly, progesterone-only pills (POPs) rely on sufficient
serum levels of progesterone, and as the level of progesterone
is decreased by EI-ASDs, POPs are not recommended for
contraception in women taking EI-ASDs [35]. However, phar-
macokinetic and pharmacodynamics studies are lacking.

Many newer ASDs do not have enzyme-inducing proper-
ties and therefore do not interact with COCs or POPs.
Levetiracetam, one of the most commonly prescribed ASDs
to women of childbearing age [36], had no effect on levonor-
gestrel or ethinyl estradiol levels (or progesterone or luteiniz-
ing hormone levels) in a study of 18 women taking levetirac-
etam and COC (30 mcg ethinyl estradiol and 150 mcg levo-
norgestrel) [26]. Lamotrigine, also commonly used in young
women [36], does not reduce serum levels of ethinyl estradiol.
Serum levels of progestins may be somewhat reduced by
lamotrigine; however, ovulation remained suppressed in a
study of 16 women on lamotrigine and COCs (with 30 mcg
ethinyl estradiol and 150 mcg levonorgestrel) [27]. A study of
lacosamide and low-dose COC use in 31 women found no
difference in ethinyl estradiol and levonorgestrel levels or in-
cidence of ovulation between months in which COC was tak-
en alone, and months in which lacosamide was taken with the
COC [25]. Zonisamide had no effect on ethinyl estradiol or
progestin levels in a study of 37 healthy women [29]. For
these non-EI-ASDs, there is no need to avoid or adjust the
dose of COCs for contraceptive efficacy.

Valproate does not affect serum ethinyl estradiol or levo-
norgestrel levels [28], however has a higher risk of teratoge-
nicity [1] and should not be first-line therapy for women of
childbearing potential when alternatives exist.

Intrauterine Devices

The intrauterine device (IUD) is a safe and highly effective
method of contraception for women with epilepsy, and is
highly recommended for this population [37]. Studies have
found that IUD use is reported by 17-18% of women with
epilepsy at risk of becoming pregnant [38, 39], perhaps as a
result of counseling by physicians who encourage the IUD in
WWE [40]. The copper IUD, used by 5% of women with
epilepsy [38], does not rely on hormones, and therefore may
be used effectively by women taking all types of ASDs.

@ Springer

Progestin IUDs are used by 12% of women with epilepsy
[38]. As it does not contain estrogen, the major interactions
listed above for COCs are not relevant; serum progesterins
may be mildly decreased (see Table 1). However, the proges-
tin IUD relies on local progestin effects, and therefore it is also
considered safe and effective for women with epilepsy taking
EI-ASDs [40]. One observational series of 56 women taking
enzyme-inducing drugs and using a progestin IUD found that
in a combined 1075 months at risk for pregnancy, there was
only one reported pregnancy (a failure rate of 1.1 per 100
woman-years) [41].

Implants

One study of the etonogestrel implant (Nexplanon) found that
in ten healthy women using an etonorgestrel implant for 1—
3 years (median 23 months) who took carbamazepine
(600 mg/day), etonogestrel concentrations decreased by a me-
dian of 61% (range 25-87%). Eight of the ten women had
etonogestrel concentrations below 90 pg/mL, the concentra-
tion at which ovulation is thought to be prevented, suggesting
a high risk for contraceptive failure [42]. Similarly, an older
study found that levonorgestrel implant (Norplant) users tak-
ing EI-ASDs had 38% lower serum levels of levonorgestrel,
and unintended pregnancies occurred in two of nine women
with epilepsy (22%) on EI-ASDs followed for 1 year [43].
Other studies on implants are lacking. Therefore, progestin
implants are not considered reliable in women on EI-ASDs
(though may be used by women on non-EI-ASDs).

Depot Medroxyprogesterone Acetate

The depot medroxyprogesterone acetate (DMPA) is a proges-
tin administered via injection that relies on sufficient serum
levels of progesterone. The clearance of DMPA is largely
equal to hepatic blood flow, suggesting that inducing agents
will not significantly affect the metabolism [20, 32, 44]. The
current recommendation if DMPA is used is to administer
without adjusting the dose or injection interval [31].
However, observational studies are lacking. As discussed be-
low, in women with amenorrhea following DMPA adminis-
tration, there are reports of improvement in seizure frequency
[45].

Natural Family Planning/Fertility Awareness—Based
Methods

While not considered highly effective, some women use nat-
ural family planning/fertility awareness methods as birth con-
trol. Due to increased sex hormone—binding globulin caused
by some EI-ASDs, menstrual cycles may be less predictable in
women taking those EI-ASDs [15, 16], which could make
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fertility awareness—based methods less reliable in women on
EI-ASDs. However, observational studies are lacking.

Barrier Methods

Barrier methods including male condom and diaphragm are
reported by 39% of women with epilepsy [38], and are safe for
all WWE. However, barrier methods are not considered highly
effective for women with or without epilepsy [31].

Tubal Ligation

Tubal ligation is reported by approximately in 4% of women
with epilepsy of reproductive age, and is safe and highly ef-
fective for women on all types of ASDs [38]. While this rate is
lower than that of women in the general population, current
methods of surveying self-reporting women with epilepsy at
risk for pregnancy may not capture women who have already
had a tubal ligation [38].

Emergency Contraception

There are no currently available studies of the effects of ASDs
on the effectiveness of emergency contraception. As most
emergency contraception relies on high doses of progestins
to prevent ovulation [46], there is a risk that it will be less
effective in women taking EI-ASDs, and a higher dose of
1.5 mg levonorgestrel for the first dose of progestin is recom-
mended [32, 47]. However, there are no studies of emergency
contraception in WWE, and no data is available on ulipristal in
WWE.

Effect of Hormonal Contraception on ASD Levels

Conversely, hormonal contraceptives can also have an
effect on ASD levels. Lamotrigine is metabolized by
uridine diphosphate (UDP) glucuronosyltransferase
(UGT)—mediated glucuronidation. UGT is induced by
ethinyl estradiol, and therefore estrogen increases the
metabolism of lamotrigine, effectively decreasing serum
lamotrigine levels by 50% or more [48]. This commonly
leads to breakthrough seizures or even status epilepticus
in women on lamotrigine who start taking a combined
oral contraceptive (COC) if the lamotrigine level is not
adjusted. In women taking lamotrigine who plan to start
COC, a baseline level should be checked prior to start
of COC, then lamotrigine dose increased by 25-50 mg
per week to at least 150% of the baseline dose, and the
COC added when the woman has been on the new dose
of lamotrigine for at least 1 week. Similarly, when stop-
ping a COC, the dose of lamotrigine should be lowered
to compensate. During the placebo week common to
most COCs, the lamotrigine level can increase up to

54% higher than during the active pill week [49].
Some women may be sensitive to lamotrigine side ef-
fects during the placebo week. In these cases, a de-
creased dose of lamotrigine (generally the dose tolerated
before COCs were started, if known) during the week
without estrogen may be necessary. Progestins do not
change the metabolism of lamotrigine, and POPs may
be used without dose adjustment of lamotrigine [50].

Similarly, valproate is also metabolized via glucuronidation,
and (though not as well characterized) the level can be lowered
by up to 23% during active-week COC therapy in a study of 12
women taking valproate and COCs [51]. Due to the high risks
of valproate in pregnancy (on both major congenital
malformations [1] and neurodevelopment [3, 52]), valproate
should not be first-line therapy for women with epilepsy, and
alternative medications should be sought. If valproate must be
used, more highly effective contraceptives should be encour-
aged such as the TUD; if this is not feasible, dual use (i.e., of
condoms and COCs) should be practiced.

The effects of hormonal contraception on ASDs do not
extend to the progestin IUD. A recent prospective study of
WWE on ASDs having a progestin-containing IUD placed
found no substantial changes in ASD concentrations after
placement [53¢]. This included women taking lamotrigine,
levetiracetam, oxcarbazepine, carbamazepine, lacosamide,
valproate, and clobazam. Levonorgestrel levels have not yet
been published.

Seizure Control

Case studies have reported improved seizure control in wom-
en starting progestin-containing implants, COC, and DMPA
[45, 54, 55], while other studies have shown concern for in-
creased seizures in women taking COC [56, 57]. The reason
for these different reactions could be related to ASD regimen
or COC dose; the lack of individual-level detail from some
studies makes comparisons difficult.

For women who experience an improvement in sei-
zure frequency when taking hormonal contraception, in-
duction of amenorrhea and/or the cessation of endoge-
nous estrogen fluctuation (which can lead to seizure
exacerbations) are possible mechanisms for the improve-
ment in seizure frequency.

Possible causes for worsened seizure frequency after
starting a hormonal contraceptive are the effects on ASD
levels (lamotrigine and valproate) as described above, if the
ASD doses are not adjusted to compensate. Additionally, the
addition of exogenous estrogen may increase neuronal excita-
tion, triggering seizures in susceptible women as has been
observed in women starting hormone replacement therapy
[58].
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Studies

In a recent prospective study of WWE undergoing placement
of a progestin-containing IUD, there was no consistent effect
on seizure control (three of 20 women reported increased sei-
zures but had stable ASD levels, while four of 20 women
reported improved seizure control, also with stable ASD
levels) [53].

DMPA causes cessation of ovulation and amenorrhea in
many women. In a small series of 14 women with epilepsy,
seven of the 11 who developed amenorrhea reported a 39%
decrease in frequency of seizures [45]. As synthetic progestins
are not metabolized to allopregnanolone, this is thought to be
due to control of endogenous sex hormone fluctuations rather
than to neuroprotective properties of DMPA [37].

Conclusions

Pregnancy planning is of special importance for women with
epilepsy due to the teratogenicity and long-term
neurocognitive effects of some anti-seizure drugs (ASDs).
However, enzyme-inducing anti-seizure drugs (EI-ASDs) fre-
quently lower the serum levels of hormonal contraception
such as the combined oral contraceptive pill, patch, and
progesterone-only pill. For women on EI-ASDs, highly effec-
tive reversible contraception of choice includes the intrauter-
ine device (IUD; copper or levonorgestrel-containing) and
depot medroxyprogesterone. Estrogen can also lower the se-
rum concentration of lamotrigine, so when initiating a hor-
monal contraceptive in patients on lamotrigine, the dose must
be adjusted accordingly.
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