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Opinion statement

The cyclic hormonal underpinnings of catamenial seizure exacerbations are consistent
with the neurophysiologic activity of estrogen and progesterone. For women with cata-
menial epilepsy who have regular menses, intermittent treatment approaches may be
utilized. These interventions are targeted at adding or increasing anti-seizure treatments
during established vulnerable days of the menstrual cycle, such as perimenstrually (C1
pattern), at ovulation (C2 pattern), and during the luteal phase (C3 pattern). The single
large study of natural progesterone treatment showed benefit for women with clear
perimenstrual seizure exacerbations (C1 pattern), but not for subjects with other catame-
nial patterns or for randomized women with epilepsy of reproductive age who did not have
catamenial seizure exacerbations. In this protocol, natural progesterone was given at a
high dose during the luteal phase and was generally well tolerated. Other intermittent
cyclic treatments include benzodiazepine use, increasing the dose of an anti-seizure drug
already in use, or acetazolamide. For women with irregular menses, or those in which the
intermittent cyclic treatments are not effective, pharmacologically stopping the menstrual
cycle altogether by using synthetic hormones such as medroxyprogesterone (Depo-
Provera) or sustained oral contraceptives may be considered.

Introduction

Catamenial epilepsy was first described by Sir Charles
Locock in 1857; referred to as hysterical epilepsy, it Bwas
confined to women and observed a regularity of return
connected with the menstruation^ [1, 2]. Since then,
many other people have commented on the rhythmicity
of seizures around the menstrual cycle in women. The
term catamenial epilepsy does not refer to a specific

epilepsy syndrome or localization, but rather to catame-
nial seizure exacerbations. Catamenial epilepsy is clearly
associated with the neuroactive properties of reproduc-
tive hormones, termed Bneurosteroids.^ Seizure occur-
rence in women with epilepsy is influenced by the cyclic
variations of these neurosteroids throughout the men-
strual cycle due to their interaction with the epileptic
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substrate . Endogenous female reproductive
neurosteroids alter neuronal excitability through in-
teraction with GABAa receptors and neuronal mem-
branes, and recent studies have shown a correlation
of the serum estradiol/progesterone ratio with sei-
zure frequency [3].

F r om t h e g r ow i n g u n d e r s t a n d i n g o f
neurosteroid effects, treatment options specific to
their cyclic fluctuations continue to be explored
[4]. The classic nonsteroid interventions that are
used intermittently throughout the cycle, such as
acetazolamide and clobazem, lack large trials to
support their use. Recent studies have focused on
harnessing the hormonal fluctuations that cause
catamenial epilepsy. Specifically, progesterone sup-
plementation is a current area of focus and the
only large-scale trial, the NIH Progesterone Trial,
found a beneficial effect in a subset of women
with catamenial epilepsy. Gonadotropin releasing
hormone (GnRH) analogues have also been stud-
ied. The options for treatment are expanding, and

this article serves to look at both the hormonal
and non-hormonal opt ions , and the data
supporting their use.

Prior to any targeted intermittent treatment for
catamenial epilepsy, the patient should document
the timing of menstrual onset and seizure exact
pattern across at least three menstrual cycles. Inter-
mittent treatments are initiated within the menstru-
al cycle based on predicting when the menstrual
onset will be, usually in order to augment treat-
ment at the specific time of vulnerability. This is
most often premenstrually, but may be at ovula-
tion or over the entire luteal phase, as more fully
outlined below. Therefore, a reasonably accurate
prediction of the next menstrual onset is necessary.
If menses are irregular, intermittent cyclic treat-
ments may not be reasonable and treatments that
suppress menstrual cycling altogether may be more
appropriate. Irregular menses are defined as those
that are shorter than 21 days or longer than
36 days.

Hormone fluctuations—their role in the nervous system
and catamenial epilepsy

The average menstrual cycle is 28 days. Day 1 is considered the first day of
menses and the mid-point, day 14, the first day of ovulation. The follicular
phase of menstruation (days 1–14) involves growth of the ovarian follicles and
ultimately release of a dominant follicle which becomes the oocyte. The luteal
phase (days 15–28) starts after ovulation and involves the dominant follicle
forming the corpus luteum, which produces progesterone. The luteal phase is
always 14 days in length, and its occurrence within a menstrual cycle can only
be reliably determined retrospectively, that is, by counting 14 days backwards
from day 1, which is menstrual onset. This is in contrast to the follicular phase
which can be variable in length. The normal hormonal fluctuations, which are
thought to be associated with catamenial epilepsy, are the rapid and dramatic
estrogen surge on day 13, which initiates ovulation, and the more gradual
withdrawal of progesterone and estrogen on days 26–28 prior to menstruation.
Figure 1 shows the hormone fluctuations throughout the normal menstrual
cycle as well as in anovulatory cycles, also known as inadequate luteal phase [5].
In inadequate luteal phase cycles, there is a lack of progesterone during the
entire luteal phase and therefore lack of ovulation, while the estrogen level
remains high and wanes normally prior to menstruation. Therefore, during
inadequate luteal phase cycles, the estradiol/progesterone ratio is high.

The clustering of seizures at certain times in the menstrual cycle is directly
related to the fluctuations of these two hormones, specifically the anti-seizure
effects of progesterone and pro-seizure effects of estrogen. The neurosteroid
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activity of progesterone is through its reduced metabolite, allopregnanolone.
Allopregnanolone is a positive allosteric modulator of GABAa conductance,
and binds to a site different than both barbiturates and benzodiazepines. Its
main effect is to enhance the GABAergic affect by increasing inward chloride
current. There is also a feedbackmechanism that alters the subunit composition
of the GABAa receptor, increasing expression of the α4-subunit in the hippo-
campus and decreasing responsiveness to benzodiazepines. This decreased
responsiveness persists after progesterone withdrawal during the cycle and can
affect the responsiveness to anti-seizure drugs and benzodiazepines, which was
recently shown in a mouse kindling model [6]. In addition to the effect of
progesterone and its metabolites on GABA receptors, there is some evidence
that it may also decrease glutamate responsiveness by acting at the NMDA
receptor [7, 8].

Estrogen exerts its neurosteroid activity of increasing neuronal excitability
through severalmechanisms. In rodents, estradiol increased the production and
density of NMDA receptors on the dendritic spines of hippocampal CA1
pyramidal neurons [9, 10], as well as in Purkinje neurons of the cerebellum
[11]. This increase inNMDA receptors increased calcium entry and createdmore
excitatory inputs to pyramidal cells [12, 13]. Estrogen has also been shown to
potentiate kainite-induced seizures in a dose-related manner in rat models as
well [14].

Seizure clustering in catamenial epilepsy occurs at three specific times in
association with normal estrogen and progesterone fluctuations across the

Fig. 1. The graphs show menstrual cycles and corresponding catamenial seizure types. The top graph shows hormone fluctuations
during normal menses with C1 catamenial seizures occurring during menses and C2 during ovulation. The bottom graph shows
hormone fluctuations during inadequate luteal phase and C3 seizure clustering occurring during all phases except the follicular
phase.
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cycle, and these patterns have been termed C1, C2, and C3. For women tomeet
the current criteria to fit into one of these patterns, their seizure frequency must
increase twofold during the days encompassed by the pattern definition, com-
pared to other days of their cycle. When determining a catamenial pattern
designation, the date of ovulation is calculated by counting back 14 days prior
to menstrual onset, or day −14. The perimenstrual, or C1 pattern, indicates
seizure frequency increase of twofold during the cycle days around menses
(days −3 to +3) compared to other days of the month. The C1 pattern neuro-
physiologically corresponds to the rapid withdrawal of the neuroinhibitory
hormone, progesterone. This is the most common catamenial pattern and
many women with this patternmay only have seizures during the premenstrual
days of the month, but are otherwise seizure free. The periovulatory, or C2
pattern, occurs at ovulation (days 10 to −13) with women documenting an
increase in seizure frequency during these days. This pattern neurophysiologi-
cally corresponds to the rapid rise of the neuroexcitatory hormone, estrogen.
The final pattern, C3, occurs in inadequate luteal phase cycles, during which
women report a two-fold increase in seizure frequency during the 14 days prior
to menses, encompassing ovulation, the luteal phase, andmenstrual onset. The
neurophysiologic underpinning of this catamenial patternmay be the estradiol/
progesterone ratio, which is most pronounced during anovulatory cycles [15].
Across the menstrual cycle, seizure frequency corresponds strongly with serum
estradiol/progesterone levels, with the lowest ratios found in the mid-luteal
phase and corresponding to the lowest frequency of seizures during ovulatory
cycles [16].

Treatment—hormonal

The most thoroughly studied hormonal treatments for catamenial epilepsy are
natural progesterone supplementation, synthetic progestogens, or menstrual-
suppressive therapies.

Two open-label clinical trials of natural progesterone have been performed
[16, 17]. They looked at women with complex partial seizures with catamenial
characteristics and inadequate luteal phases to determine the affect of proges-
terone suppositories on seizure frequencies. The results showed a 68 % decline
in seizure frequency (p G 0.05) in 6 of the 8 women studied, and none of the
women showed an increase in frequency [17]. A second open-label trial looking
at 25 women with both anovulatory and normal menstrual cycle exacerbations
showed cyclic progesterone lozenges decreased seizure frequency in 18 women
(72 % and p G 0.01) over a 3-month period. Average daily seizure frequency
declined by 55 % (p G 0.01). The decrease in frequency was also noted to be
greater in the women with inadequate luteal phase than perimenstrual exacer-
bation (59 versus 49 %). Average daily complex partial seizure (CPS) frequency
decreased by 54 and 58 % for secondarily generalized tonic clonic (SGTC) [3,
18, 19••].

These positive studies led to a randomized, placebo-controlled, double-
blind, clinical trial that looked at natural progesterone versus placebo therapy
for treatment of women of reproductive age with focal epilepsy, stratified by the
presence or absence of catamenial seizure patterns, the NIH Progesterone
treatment Trial [18]. The investigators compared the proportion of ≥50 %
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responders in seizure frequency between a 3-month baseline and 3-month
treatment phase. Treatment consisted of an optimized antiepileptic agent plus
natural progesterone 200 mg lozenges or placebo. The lozenge was taken three
times daily starting at ovulation on day −14 with a decremented taper starting
on day 26 and with the treatment ending for that cycle on day 28. The findings
showed no difference in partial seizure frequency when comparing the treat-
ment arm or placebo.

Although adjunctive progesterone treatment did not significantly decrease
seizure frequency in the overall study population, the subjects with a strong C1
pattern who had three times more seizures during the cycle days −3 to +3 were
responders. This finding suggests that the approaches to treating catamenial
seizure patterns should be specific for the pattern type. Significance of treatment
for the C1 pattern was only achieved when there was at least a three-fold
increase in seizure frequency during C1 days. Notably, there was no response
for subjects with catamenial patterns type 2 or 3 or for the enrolled subjects
without a catamenial pattern, who comprised slightly more than 50 % of the
study population [20].

A further analysis of the NIH Progesterone Treatment Trial aimed to find
evidence that the reduced progesterone metabolite, allopregnanolone (AP), the
positive allosteric modulator of GABAa receptors [5] specifically mediates the
reduction in seizure frequency discussed above. Using mid-luteal phase AP
levels obtained during the study, a significant correlation was shown between
reduction in seizure frequency and increases in the AP level for the C1 ≥ 3 group
(C1 ≥ 3 progesterone treated r = −0.452, p = 0.035 versus C1 ≥ 3 placebo treated
r = −0.367; C1 G 3 progesterone r = 0.099; C1 G 3 placebo r = 0.131; p = not
significant) [21]. The study findings lent support to the idea that AP mediates
the changes in seizure threshold seen with progesterone withdrawal and that
cyclic progesterone supplementation in the subset of C1 catamenial epilepsy
may be beneficial.

One case study provided preliminary evidence that seizure reduction in
catamenial epilepsy occurred specifically through its reduced metabolites and
not progesterone itself. A 34-year-old woman with intractable CPS and SGTC,
which increased in severity during the luteal phase of her menstrual cycle, was
treated with carbamazepine and cyclic progesterone. Her seizures decreased
from several SGTC each month to none and only one CPS per month for
several years. She was started on finasteride for baldness, which is a reductase
enzyme inhibitor and would inhibit the metabolism of progesterone to its
neurosteroid metabolite, AP. After addition of finasteride, seizure frequency
increased from none to 3–6/month (p G 0.05), despite continued therapeutic
levels of carbamazepine [22]. This is consistent with the reduced metabolite
being the mediator of treatment rather than the progesterone itself.

Synthetic forms of progestogens such as medroxyprogesterone acetate
(MPA) may also play a role in treatment of catamenial epilepsy. MPA has been
widely used as a highly effective contraceptive, given as an intramuscular
injection (Depo form) every 12 weeks and acts through suppressing ovulation.
One study of 19 women added MPA as an adjunctive treatment to their current
anti-seizure drug regimens delivered in the standard dose. Of the 19women, 11
developed amenorrhea and, of these, 7 reported a 39 % decrease in seizures per
month (p = 0.02) [23•]. While this study is small and nearly anecdotal, it has
put MPA on the landscape of possible treatments for catamenial epilepsy.
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However, it is likely that medroxyprogesterone itself is not an inhibitory
neurosteroid, as compared to natural progesterone; therefore, the seizure reduc-
tion in this report was likely due to suppression of menstrual cycling altogether
[3]. A major caution exists regarding its use: MPA carries an FDA warning
regarding its risk of bone density loss, which is consistently between up to

Treatment—non-hormonal

Non-hormonal treatments such as acetazolamide have been used as treatment
for catamenial epilepsy for much longer, but there are not large scale, random-
ized studies providing support of their efficacy [6]. Acetazolamide is a sulfon-
amide and inhibitor of carbonic anhydrase. It has been used since the 1950s as
an anti-convulsant [26]. A retrospective analysis of women admitted to the
Cleveland Clinic EMU from 1990 to 1991 looked at changes in seizure fre-
quency and severity with acetazolamide therapy. Forty percent of the women
claimed to have a decrease in seizure frequency, and 30 % claimed a decrease in
severity. Acetazolamide was administered either daily or perimenstrually, and
no significant difference in results was noted between dosing regimens [27]. The
retrospective nature of the study creates limitations but nonetheless suggests
some proof of efficacy in the decades-old therapy.

Clobazem is the only benzodiazepine that has been studied in daily usage to
treat catamenial epilepsy. In a double-blind, cross-over study, doses between 20
and 30 mg were studied against placebo. Of the 18 patients who successfully
completed the study, none had increased seizure frequency compared to pla-
cebo and 8 patients had a greater than 50 % reduction in seizure frequency [28].
This suggestion of efficacy with clobazam and the overall effectiveness of using
benzodiazepines for seizure clustering have led to an acceptance of intermittent
benzodiazepine use as a treatment approach for catamenial seizures.

Another possible avenue of seizure control may come in the form of oral
contraceptives. There is no strong data showing this to be an effective treatment;
however, given the evidence of hormonal neuroactivity as well as the relation-
ship between hormone fluctuations and seizure clustering, it follows that
modulating these fluctuations could reduce seizure frequency. The progestins
in oral contraceptives act to suppress ovulation, and the combination pills
containing both estrogen and progestins provide a stable hormonal milieu that
suppresses the estrogen surge as well as the natural progesterone withdrawal.
Dosage forms in which there is no withdrawal week for 3–12 month provide
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5 % within the first 2 years of use for women and adolescents [24].
Gonadotropin releasing hormone (GnRH) analogues will suppress men-

struation and hormone fluctuations, and one report exists for use as a treatment
for epilepsy. Adjunctive treatment of 10 female patients with triptorelin therapy
(a synthetic GnRH analogue) which suppresses gonadotropin release allowed
for 3 patients to become seizure free, and 4 patients had up to a 50% reduction
in seizure frequency. These results were seen rather quickly, within 1 to
2 months of beginning treatment. Only 2 patients showed no benefit with
treatment and none had an increase in frequency (p G 0.02) [25]. This shows yet
another mechanism in which suppression of hormonal fluctuations can treat
seizure clustering throughout the menstrual cycle, but the safety and efficacy
have not been established in larger studies.



even less cyclic hormonal variation and are endorsed by some practitioners as a
useful adjunct in the treatment of catamenial epilepsy.

As with any form of epilepsy, optimizing the patient’s anti-seizure therapies
is another option. If the seizure pattern can be predicted based on the patient’s
calendar, a temporary increase of 25–50 % of one anti-seizure medication may
be useful. Of course, this should not be undertaken with phenytoin given its
zero-order kinetics.

Conclusion

Like all epilepsy treatment approaches, there is no avenue that is effective for all
patients with catamenial epilepsy. Figure 2 shows a basic algorithm that can
assist in treating women with presumed catamenial seizure clustering based on
the different subtypes. For women with a strong C1 pattern, natural progester-
one may be considered. It should be kept in mind that the intermittent treat-
ments are initiated within the menstrual cycle based on predicting when
menstrual onset will be, in order to augment treatment on the vulnerable days.
The treatment strategy should be tailored to the patient with considerations
regarding the risks of intermittently increasing the background therapy, or with
adding in a short benzodiazepine or acetazolamide course. Women with

Fig. 2. Algorithm for treatment of female patients with suspected catamenial seizure.
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irregular mensesmay not be candidates for intermittent interventions. For these
patients or for those who have failed the intermittent approaches, ongoing
menstrual-suppressive therapies with MPA, oral contraceptives with infrequent
withdrawal weeks may be appropriate. Tolerability for long-term menstrual
cessation and the risks of decreased bone mineral density must be discussed.
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