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Abbreviations: patterns of
catamenial epilepsy
C1 perimenstrual (Day –3 to +3)

C2 periovulatory (Day 10 to –13)

C3 luteal in anovulatory cycles (Day
10 to 3)

Prog progesterone

Plac placebo

C1 perimenstrual seizure exacerba-
tion

Definition, patterns and
prevalence

Seizures do not occur randomly in the
majorityofmenandwomenwithepilepsy
[1, 2]. They tend to cluster in over 50%
of cases [1, 2]. Seizure clusters, in turn,
may occur with temporal rhythmicity in
a significant proportion of men (29 %)
and women (35%) with epilepsy [3].
When the periodicity of seizure exac-
erbation aligns with the menstrual cycle,
it is commonly known as catamenial epi-
lepsy [4]. This may be attributable to 1)
the neuroactive properties of reproduc-
tive steroid hormones and 2) the cyclic
variation in their serum levels [4].

Physiological endocrine secretion
during the menstrual cycle influences
the occurrence of seizures (. Fig. 1).
In ovulatory cycles, seizure frequency
shows a statistically significant positive

correlation with the serum estradiol/
progesterone ratio [5]. This ratio is
highest during the days prior to ovu-
lation and menstruation and is lowest
during the early and mid-luteal phases
[5]. The premenstrual exacerbation of
seizures has been attributed to the rapid
withdrawal of the antiseizure effects of
progesterone [4, 5]. Mid-cycle exacer-
bations may be due to the preovulatory
surge of estrogen, unaccompanied by
any rise in progesterone until ovulation
occurs [4–6]. Seizures are least common
during the mid-luteal phase when pro-
gesterone levels are highest [4–6], except
in anovulatory cycles in which the mid-
cycle surge in estrogen still occurs, albeit
they are not as high as in ovulatory cycles,
but unaccompanied by any substantial
increase in progesterone levels [4].

Herzog et al. [2, 4, 7] presented statis-
tical evidence to support the concept of
catamenial epilepsy and the existence of
at least three distinct patterns of seizure
exacerbation in relation to the menstrual
cycle (. Fig. 1):
1) perimenstrual (C1: Day –3 to 3) and
2) periovulatory (C2: Day 10 to –13) in

normal cycles, and
3) luteal (C3: Day 10 to 3) in inadequate

luteal phase cycles.

In these cycles, Day 1 is the first day
of menstrual flow and ovulation is pre-
sumed to occur 14 days before the subse-

quent onset of menses (Day –14). These
three patterns can be demonstrated sim-
ply by
1) charting menses and seizures and
2) obtaining a mid-luteal phase serum

progesterone level to distinguish
between normal and inadequate
luteal phase cycles (< 5 ng/ml).

While the precise definition of catame-
nial epilepsy remains arbitrary, one may
maximize the efficiency of distinguishing
between women whose seizure occur-
rence shows a high versus low degree of
hormonal sensitivity by using the points
of inflection of the S-shaped distribu-
tion curves that define the relationship
between the severity of seizure exacer-
bation and the number of women who
have exacerbation [4, 7]. These points
are calculated to be in the vicinity of a
twofold increase in average daily seizure
frequency during the phases of exac-
erbation relative to the baseline phases
for all three types of catamenial exac-
erbation. We propose the use of these
points of inflection values in seizure fre-
quency for the designation of catamenial
epilepsy. By this criterion, approximately
one third of women with intractable par-
tial epilepsy would qualify for the des-
ignation of having catamenial epilepsy
[4, 7] The adoption of a standard al-
beit arbitrary nomenclature may provide
greater uniformity to study designs for

Zeitschrift für Epileptologie 4 · 2015 295

http://crossmark.crossref.org/dialog/?doi=10.1007/s10309-015-0005-6&domain=pdf


Leitthema

C2 C1

1 3 5 7 9 11 -14 -12 -10 -8 -6 -4 -2 1 3

Day of the cycle

0

5

10

15

20

25

30

50

100

150

E2 P

Se
ru

m
 h

or
m

on
e 

le
ve

ls

PATTERNS OF CATAMENIAL EPILEPSY

Normal Cycle

1 3 5 7 9 11 -14 -12 -10 -8 -6 -4 -2 1

Day of the cycle

C3

0

5

10

15

20

25

40

60

100

E2 P

Se
ru

m
 h

or
m

on
e 

le
ve

ls

80

20

Inadequate Luteal Phase Cycle

Estradiol ug/ml
Progesterone ng/ml

F O LCycle
Phase

M
Catamenial Type

3

Catamenial Type

F O L MCycle 
Phase

Estradiol ug/ml
Progesterone ng/ml

Fig. 18 Three patterns of catamenial epilepsy:perimenstrual (C1) andperiovulatory (C2) exacerba-
tions during normal ovulatory cycles and entire secondhalf of the cycle (C3) exacerbation during in-
adequate luteal phase cycleswhere Day 1 is the first day ofmenstrual flowandDay –14 is the day of
ovulation

the investigation of the pathogenesis and
treatment of catamenial seizure exacer-
bation.

Pathophysiology

There is considerable scientific evidence
at molecular biological, neuronal, ex-
perimental animal and clinical levels to
indicate that reproductive steroids have
neuroactive properties that play an im-
portant role in the pathophysiology of
epilepsy and the pattern of seizure oc-

currence. Steroids act in the brain by di-
rectmembrane-mediated (short latency)
effects as well as intracellular receptor-
genomically-mediated (long latency) ef-
fects [8–10].

Reproductive hormonal effects
on epilepsy

Estradiol

The potential importance of estradiol in
the regulationof temporolimbic function

ishighlightedby thepresenceof the estra-
diol synthesizing enzymes, cytochromes
P45017a and P450 aromatases, which are
localized in neurons in the hippocampus
and the measurement of hippocampal
estradiol levels that can surpass serum
levels [11, 12]. Estradiol has complex
effects that vary with estradiol concen-
tration, mode and site of administration,
blood–brain barrier and epileptic sub-
strate [13]. The contradictory effects of
estrogen in the brain have been reviewed
in detail by Veliskova et al [14].

Most adult animal experimental in-
vestigations have led to the prevailing
opinion that estradiol has neuroexcita-
tory effects that can lower seizure thresh-
olds. The thresholds of limbic seizures
in female rats fluctuate during the es-
trus cycle inversely to estradiol levels
[15]. Physiological doses of estradiol ac-
tivate spike discharges [13, 16–18] and
lower the thresholds of seizures induced
by electroshock, kindling, pentylenete-
trazol, kainic acid, ethyl chloride and
other agents and procedures [13, 18–22].
In fact, topical brain application, as well
as intravenous systemic administration,
of estradiol in rabbits produces a sig-
nificant increase in spontaneous elec-
trically recorded paroxysmal spike dis-
charges [13]. The increase is seenwithina
fewsecondsof application to suggest a di-
rectmembrane rather than a genomic ef-
fect and ismore dramatic in animals with
pre-existent cortical lesions and estradiol
priming [13, 16, 18].

With regard to mechanisms of action,
estradiol may act on CA1 hippocampal
pyramidal neurons via convergentmech-
anisms that combine the effects of estra-
diol priming on hippocampal plasticity
with subsequent direct potentiation of
excitatory postsynaptic potentials (EP-
SPs) [16]. More specifically, estradiol
priming via subcutaneous estradiol in-
jection may act over 2 days to increase
dendritic spines and excitatory synapses
as well as NMDA binding [23, 24] to
increase EPSP durations and repetitive
firing response to stimulation of Scha-
effer collaterals [16]. Of note is that
estradiol priming also increases GABA
binding [25]. Direct application of estra-
diol to primed CA1 hippocampal slices
increases membrane-mediated EPSP re-
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sponse to Schaffer collateral stimulation
or glutamate application within a couple
ofminutes [16]. Theestradiol application
potentiates kainate, and quisqualate-me-
diated neurotransmission, thereby im-
plicating non-NMDA receptors in the
short-term action of estradiol [16]. It
can be blocked by non-NMDA, but not
NMDA, antagonists [16]. A non-NMDA
mechanism of action is supported by a
more recentpreclinicalmodelwhich sug-
gests that E2 binds ERβR to increase
glutamatergic AMPAR-mediated EPSPs
[26] and binds ERαR to acutely suppress
presynaptic GABA release and IPSPs via
amGluR1-endocannabinoidmechanism
[27]. The complex role of estrogen, how-
ever, is illustrated by evidence in some
models that estradiol can raise seizure
thresholds inthehippocampal regionand
provide neuroprotection against seizure
induced injury [14]. In summary, the
combination of estradiol priming effects
and direct membrane effects may con-
verge on CA1 hippocampal neurons to
exert the neuroexcitatory effects of estra-
diol.

Estrogen receptor-containing neu-
rons co-localize with other neurotrans-
mitters such as acetyl choline and
growth factors such as brain derived
neurotrophic factors to modulate neu-
ronal excitability and seizure thresholds
[28, 29].

Logothetis et al. [30] clinically showed
that intravenously administered conju-
gated estrogen clearly activated epilepti-
form discharges in 11 of 16 women and
was associated with clinical seizures in 4
cases.

Progesterone

Progesterone and particularly some of its
neuroactive metabolites, most notably
allopregnanolone, exert direct mem-
brane-mediated inhibitory effects by
potentiating GABAA-mediated chloride
conductance [9, 31, 32]. It also potenti-
ates the action of the powerful endoge-
nous inhibitory substance adenosine
[33]. Progesterone itself also substan-
tially diminishes nicotinic acetylcholine
receptor-mediated conductance, which
may be relevant to autosomal dominant
nocturnal frontal lobe epilepsy [34].
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Abstract
Seizures do not occur randomly. They tend
to cluster in the majority of men and women
with epilepsy. Seizure clusters, in turn, often
show a periodicity. When the periodicity
of seizure exacerbation aligns itself with
that of the menstrual cycle, it is designated
as catamenial epilepsy. The neuroactive
properties of reproductive steroids and the
cyclic variation in their serum concentrations
are important pathophysiologic factors.
There is evidence for the existence of
at least three patterns of catamenial
seizure exacerbation: perimenstrual and
periovulatory in ovulatory cycles and entire
luteal phase in anovulatory cycles. A rational
mathematical basis for this categorization
of catamenial epilepsy has been developed.

It identifies approximately 1/3 of women as
having catamenial epilepsy. If seizures show
hormonal sensitivity in their occurrence, they
may also respond to hormonal treatment.
The randomized, double-blind, placebo-
controlled NIH Progesterone Trial found that
cyclic progesterone supplement is no better
than placebo overall but did reduce seizure
frequency significantly in the subset of wo-
men with perimenstrual seizure exacerbation.
There have also been successful open label
trials using depomedroxyprogesterone and
gonadotropin-releasing hormone analogues.

Keywords
Epilepsy · Seizures · Hormones · Progesterone ·
Reproductive

Katameniale Epilepsie: aktuelle Konzepte zu Definition,
Verbreitung, Pathophysiologie und Behandlung

Zusammenfassung
Anfälle treten nicht zufällig auf, sondern
meist gehäuft bei Frauen und Männern mit
Epilepsie. Anfallshäufungenwiederum zeigen
oft Periodizität und werden als katameniale
Epilepsie bezeichnet, wenn sie mit dem
Menstruationszyklus zusammentreffen.
Als wichtige pathophysiologische Faktoren
gelten die neuroaktiven Anteile reproduktiver
Steroide und die zyklische Schwankung in
ihren Serumkonzentrationen. Mindestens
3 Formen von katamenialer Anfallsver-
stärkung konnten nachgewiesen werden:
perimenstruell und periovulatorisch im
ovulatorischen Zyklusteil und in der gesamten
Lutealphase im anovulatorischen Zyklusteil.
Für diese Kategorisierung wurde eine ratio-
nale mathematischeGrundlage entwickelt.
Sie identifiziert etwa ein Drittel der Frauen als
Betroffene von katamenialer Epilepsie. Treten

die Anfälle in hormoneller Abhängigkeit
auf, könnten sie auf Hormonbehandlung
ansprechen. Die randomisierte, doppelblinde,
placebokontrollierte Progesteron-Studie
des National Institute of Health (NIH)
ergab, dass ein periodisch verabreichtes
Progesteronpräparat gegenüber Placebo
bezüglich der gesamten Studiengruppe
keine bessere Wirkung erzielt, jedoch die
Anfallshäufigkeit in der Untergruppe der
Frauen mit perimenstrueller Anfallsverstär-
kung signifikant reduziert. Es gab darüber
hinaus erfolgreiche markenunabhängige
Tests mit depomedroxyprogesteron- und
gonadotropin-freisetzenden Hormonanaloga.

Schlüsselwörter
Epilepsie · Anfall · Hormone · Progesteron ·
Reproduktion

Progesterone may act via genomic
mechanisms to influence the enzymatic
activity controlling the synthesis and
release of various neurotransmitters and
neuromodulators produced by proges-
terone receptor containing neurons [8].
Progesterone binds specific cytosolic
receptors not only to produce its own
characteristic effects but also to lower

estrogen receptor numbers and, thereby,
antagonize estrogen actions [35].

Chronic progesterone decreases the
number of hippocampal CA1 dendritic
spines and excitatory synapses faster than
the simple withdrawal of estrogen, coun-
teracting the stimulatory effects of estra-
diol [23]. Progesterone and allopreg-
nanolone have also been shown to have
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Tab. 1 Investigational SexHormone Treatments ofwomenwith epilepsy

Investigational
Treatments

Dosage Potential Adverse Effects

Progesterone
Lozenges

Days 14–25: ½–1 lozenge tid
Days 26–27: ¼–½ lozenge tid
Day 28: ¼ lozenge tid

Sedation, depression, breast
tenderness, vaginal bleeding,
constipation, exacerbation of asthma,
weight gain

Depomedroxy-
progesterone

150–250 mg. I.M.
q 1–3 months

As above plus delay of months to 2
years in recovery of ovulatory cycles
during which time seizure numbers
may increase sometimes beyond
baseline

GnRH analogue Leuprolide:
3.75 mg. I.M. q 4 weeks
11.25 mg I.M. q 12 weeks

Menopausal symptoms unless
concomitant estradiol & progesterone
supplement is administered

Clomiphene Days 5–9: 25–50 mg daily Ovarian overstimulation syndrome
(N.B. distention of ovaries can be very
painful)

neuroprotective effects on hippocampal
neurons in kainic acid induced seizure
models [36].

In most adult female animal mod-
els, progesterone depresses neuronal fir-
ing, [37] and lessens spontaneous and
induced epileptiform discharges [20–22,
36–38]. It retards kindling and decreases
seizure occurrence [20–22, 36–38].

Backstrom et al. [39] found that in-
travenous infusionof progesterone, suffi-
cient toproduce lutealphaseserumlevels,
was associatedwith a significant decrease
in interictal spike frequency in four of
seven women with partial epilepsy.

Neurosteroids

Most of the membrane effect of pro-
gesterone is due to the action of its
3α-hydroxylated (i. e. A-ring-reduced)
metabolite, 3α-hydroxy-5α-pregnane-
20-one or allopregnanolone (AP) [9,
32]. AP and the 3,5-hydroxylated natu-
ral metabolite of the mineralocorticoid
deoxycorticosterone, allotetrahydro-de-
oxycorticosterone (allo-THDOC) are
among the most potent of a number of
endogenous neuroactive steroids with
a direct membrane effect on neuronal
excitability [9, 31, 32]. AP, but not allo-
THDOC, is devoid of hormonal effects
and may, together with other related
neuroactive steroids, be thought of as an
endogenous regulator of brain excitabil-
ity with anxiolytic, sedative-hypnotic

and anticonvulsant properties [9, 31,
32]. AP and allo-THDOC hyperpolarize
hippocampal and other neurons by po-
tentiating GABAA-mediated inhibition
[9, 32]. At physiological (nanogram)
with an extrasynaptic steroid-specific
site near the synaptic receptor to fa-
cilitate chloride channel opening and
prolong the inhibitory action of GABA
on neurons [9, 31, 32, 40, 41]. At
higher pharmacological (micromolar)
concentrations, AP also has a direct
effect at the synaptic GABAA recep-
tor to induce chloride currents [9, 32].
AP is one of the most potent ligands
of GABAA receptors in the CNS, with
affinities similar to those of the potent
benzodiazepine, flunitrazepam, and ap-
proximately a thousand times higher
than pentobarbital [9, 32]. The parent
steroid, progesterone, enhances GABA-
induced chloride currents only weakly
and only in high concentrations [9, 41].
Plasma and brain levels of AP parallel
those of progesterone in rats. In women,
plasma levels of AP correlate with pro-
gesterone levels during the menstrual
cycle and pregnancy [9]. However, the
brain activity of progesterone and AP
is not dependent solely on ovarian and
adrenal production, as they are both syn-
thesized de novo in the brain [42]. Their
synthesis is region-specific and includes
the cortex and the hippocampus [42]. By
contrast, allo-THDOC is only synthe-

sized by the adrenal gland and not in the
brain [9].

AP, allo-THDOC and a number of
other endogenous and synthetic preg-
nane steroids have a potent anticon-
vulsant effect in bicuculline-, metra-
zol-, picrotoxin-, pentylenetetrazol-,
pilocarpine- and kainic acid-induced
seizures and against status epilepticus,
but are ineffective against electroshock
and strychnine-induced seizures [31,
43–45]. The anticonvulsant properties
of allopregnanolone resemble those of
the benzodiazepine, clonazepam [31,
45]. AP is less potent than clonazepam
but may have lower relative toxicity
[44, 45]. The anticonvulsant effect of
AP is greater in female rats in the diestrus
1 part of the ovulatory cycle (equiva-
lent to human mid-luteal phase when
progesterone levels are high) than in
estrus (equivalent to ovulation when
estrogen levels are high) or in the male
[40]. Enhancedmid-luteal efficacy at the
GABAA receptor may be related to a pro-
gesterone induced enhanced formation
of the δ GABAA receptor subtype [40].
Rapid withdrawal of progesterone in
late diestrus makes the GABAA receptor
insensitive to benzodiazepine, but not
AP, perhaps as the result of a decrease
in the benzodiazepine sensitive synaptic
GABAA receptors [46]. This effect can
be blocked by inhibiting the formation
of the α4 subunit of the GABAA receptor
[40, 46].

By contrast, some sulfated neuroac-
tive steroids have excitatory neuronal
effects. They include pregnenolone
sulfate and dehydroepiandrosterone sul-
fate (DHEAS), the naturally occurring
sulfated esters of the progesterone pre-
cursor pregnenolone and progesterone
metabolite DHEA [9]. They increase
neuronal firing when directly applied
to neurons by negatively modulating
the GABAA receptor [9] and by facil-
itating glutamate-induced excitation at
the NMDA receptor [47]. In animal
seizure models, pregnenolone sulfate
and DHEAS have a proconvulsant ef-
fect [48]. It is to be noted that serum
DHEAS levels are substantially reduced
by enzyme inducing antiepileptic drugs
such as phenytoin and carbamazepine
[49, 50].
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Tab. 2 Adjunctive cyclic progestogen Therapy

Medroxy-
progesterone
(Herzog 1983)

Progesterone
Suppositories
(Herzog 1986)

Progesterone
Lozenges
(Herzog 1995)

Progesterone
Lozenges
(Herzog 3-year
follow-up)

Regimen 5–10 mg. q.d.
days 15–28 of
cycle

100–200 mg.
t.i. d.
days 15–28 of
cycle

100–200 mg.
t.i. d.
days 15–28 of
cycle

100–200 mg.
t.i. d.
days 15–28 of
cycle

Assessment @ 3 months @ 3 months @ 3 months @ 3 years

Subjects 24 8 25 15 of original 25

Number (%)
improved

10 (42%) 6 (75 %) 18 (72 %) 15 (100%/60%
overall)

Seizure
Frequency

–10 % –68 %* –54 %** CPS
–58 %* SGMS

–62 %** CPS
–74 %** SGMS

* = p < 0.05
** = p < 0.01

Hormonal treatment

Progestogen therapy

The term “progestogen” refers to the
broad class of progestational agents.
These include progesterone, (i. e. nat-
urally occurring progesterone), and
progestins (i. e. synthetic progestational
agents). Progestogen treatment (. Tab. 1
and 2) has taken two forms: 1) cyclic
progesterone therapy that supplements
progesterone during the luteal phase and
withdraws it gradually premenstrually
and 2) suppressive therapy in which the
goal is to suppress the menstrual cycle,
which is generally accomplished using
injectable progestins or gonadotropin
releasing-hormone analogues.

Cyclic progesterone therapy

In contrast to published cyclic oral pro-
gestin investigations that did not result in
significant reductionof seizure frequency
[51, 52], two open-label trials of adjunc-
tive progesterone therapy for women
with catamenial epilepsy resulted in
clinically important and statistically sig-
nificant reductions in seizure occurrence
(. Tab. 2) [53, 54]. In one investigationof
women who had inadequate luteal phase
cycles with catamenial exacerbation of
intractable complex partial seizures,
6 out of 8 women experienced improved
seizure control with a 68% decline in
average monthly seizure frequency over

3 months for the whole group [53]. In a
subsequent open trial of adjunctive cyclic
progesterone versus the optimal anti-
seizure medication alone in 25 women
(14 with inadequate luteal phase or
anovulatory cycles and 11 with normal
cycles and perimenstrual seizure exac-
erbation), 19 (72%) experienced fewer
seizures with an overall average monthly
decline of 54% for complex partial and
58% for secondary generalized seizures
over 3 months [54]. Progesterone was
more efficaciouswhen administered dur-
ing the entire second half of the cycle,
rather than just premenstrually, and then
tapered and discontinued gradually over
3 or 4 days at the end of the cycle [54].
Failure to taper gradually premenstrually
can result in rebound seizure exacer-
bation. At 3 years, the average daily
seizure frequency per patient showed
that the 15 women who remained on
cyclic progesterone therapy and their
original antiepileptic drugs continued to
show improved seizure control in com-
parison to their own baseline (. Tab. 2
– 3-year follow-up) [55]. Three women
were entirely seizure free. Four had
total seizure reductions of 75–99%.
Eight had reductions of 50–74%. Com-
plex partial seizures in these 15 were
lower by a statistically significant 62%
(baseline: 0.328, 3-year follow-up: 0.125;
p < 0.01); secondary generalized motor
seizures, by 74% (baseline: 0.148, 3-year
follow-up: 0.038; p < 0.01). Antiepileptic
drug serum levels continued to show no

significant change. The three remaining
women who continued on progesterone
therapy had 10–50% improvement at
the end of the original investigation at
3 months and were not considered fur-
ther because they changed antiepileptic
drugs.

The NIH Progesterone Trial was a
randomized, placebo-controlled, dou-
ble-blind, clinical trial of progesterone
versus placebo therapy in the treatment
of intractable seizures inwomenwith and
without catamenial epilepsy [56]. The
principal outcomes were the proportion
of ≥ 50% responders and the change in
seizure frequency between the 3-month
baseline and 3-month treatment phases.
A sample size of 640 was determined as
the enrollment requirement to show a
significant difference (p ≤ 0.05) between
treatments for ≥ 50% responders with
80% power for 35% progesterone vs
15% placebo responders in the catame-
nial stratum. The large sample size was
required since only about one-third of
the women was expected to show a cata-
menial pattern of seizure exacerbation.
Catamenial designationwas based on the
demonstration of catameniality in two
of three baseline cycles using the 1997
Herzog et al. [54] established points
of inflection cutoffs for designation of
C1, 2 & 3 patterns. The trial enrolled
only 462 women and randomized the
294 subjects who completed the baseline
phase. Randomization was carried out
separately for the catamenial and non-
catamenial strata, 2:1 to progesterone
or matching placebo treatment. The
treatment regimen consisted of baseline
optimal antiepileptic drug treatment
plus adjunctive progesterone 200 mg.
lozenges or matching placebo. A whole
lozenge was taken three times daily on
Days 14–25, ½ lozenge three times daily
on Days 26–27, ¼ lozenge taken three
times daily on Day 28 and then no
lozenges until the next Day 14.

The findings of the NIH Progesterone
Trial showed that cyclic progesterone is
comparable to placebo in the treatment
of intractable seizures in women with
partial epilepsy [56]. A pre-specified
secondary analysis identified a subset of
women with perimenstrual seizure ex-
acerbation who were responsive to pro-
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gesterone treatment. This post-hoc pre-
dictor analysis using binary logistic re-
gression analysis (dependent variable be-
ing ≥ 50 % progesterone responder: yes
or no) found that the level of perimen-
strual catameniality (C1 level) is a predic-
tor of the efficacy of progesterone treat-
ment. There was significant interaction
between C1 level and treatment. With
increasing C1 levels, responder rates in-
creased progressively from 21.3 to 57.1 %
for progesterone versus only 19.6 % to
20.0 % with placebo (. Fig. 2a). Changes
in average daily seizure frequency pro-
gressed from –25.5 to –71.0 % for pro-
gesterone versus only –25.0 to –26.3 %
for placebo (. Fig. 2b). There was also
significant interaction between C1 level
and progesterone treatment for the most
severe seizure type, secondary general-
ized tonic-clonic seizures and complex
partial seizures but not simple partial
seizures. The separation between re-

sponder rates for all seizures combined
for progesterone (27.3 %) versus placebo
(14.3 %) treatments was not significant
at C1 level ≥ 1.69, the C1 cutoff level se-
lected for designation to the catamenial
stratum. The separation did achieve sta-
tistical significance atC1 level≥ 2 (28.6%
versus 12.9%)andatC1 level≥3, the sep-
aration (37.8 % versus 11.1 %) was both
significant (p = 0.0372) and achieved the
anticipated clinically important separa-
tion goal of the trial, i. e. ≥ 35 % respon-
der rate for progesterone versus ≤ 15 %
responder rate for placebo.

In the trial [56], 38.1 % of the subjects
had C1 level ≥ 1.69, 34.4 % had C1 level
≥ 2 and 21.4 % had C1 level ≥ 3 levels of
perimenstrual exacerbation (. Tab. 3). It
is to be noted that 12.2 %hadC1 level≥ 6,
which is almost identical to the 12.4 %
found in the Duncan study (. Tab. 3)
[57]. The findings suggest that 21.4 % of
women with intractable seizures, i. e. the

percent that had C1 level ≥ 3 baseline,
might be candidates for cyclic proges-
terone supplement.

Another tertiary outcome of the
trial was to determine whether allo-
pregnanolone (AP) may mediate seizure
reduction inprogesterone treatedwomen
with epilepsy [58]. AP levels were signif-
icantly greater in treated cycles than in
baseline cycles for women treated with
progesterone but not placebos, regard-
less of the catamenial designation. There
was a significant inverse correlation
between changes in seizure frequency
and changes in AP levels for the subset
of subjects who showed a significantly
greater responder rate in the post hoc
analysis of the trial, i. e. subjects who
had a threefold or greater increase in
average daily seizure frequency peri-
menstrually as compared to the mid-
follicular andmid-luteal phases (C1≥ 3):
r = –0.442, p = 0.013 and specifically
for C1 ≥ 3 progesterone treated subjects
(r = –0.452, p = 0.035), but not other
groups (C1 ≥ 3 placebo: r = –0.318,
C1 < 3 progesterone: r = 0.099, C1
< 3 placebo: r = 0.131; p = NS). The
findings support AP as a mediator of
seizure reduction in progesterone treated
women who have a substantial level of
perimenstrually exacerbated seizures.

Failure of the trial to prove the prin-
cipal hypothesis may relate to the design
that attempted to treat three patterns of
catamenial epilepsy which likely differ
in pathophysiology with a single treat-
ment regimen [4, 56, 59]. Specifically,
cyclicprogesterone supplementmayhave
greater efficacywhere progesteronewith-
drawal (C1pattern), rather than estrogen
surge (C2) or high luteal phase estradiol/
progesterone serum level ratios (C3 pat-
tern), are causally implicated. The design
also assumed that themathematically de-
termined cutoff for catamenial designa-
tion would match the cutoff for a sig-
nificant progesterone response. The ab-
sence of a significant difference between
progesterone and placebo responders at
the C1 cutoff level of ≥ 1.69 and finding
of a significant difference at a clinically
important level at C1 level ≥ 3 may sug-
gest that there is a difference between
the catamenial level that mathematically
best distinguishes hormonally sensitive
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Tab. 3 Percentofwomenwithvarious lev-
els of perimenstrual seizure exacerbation

C1 Level #WWE %WWE

≥ 0 294 100.00

≥ 1 196 66.67

≥ 1.69 112 38.10

≥ 2 101 34.35

≥ 3 63 21.43

≥ 4 51 17.35

≥ 5 44 14.97

≥ 6 36 12.24

≥ 7 31 10.54

≥ 8 24 8.16

≥ 9 22 7.48

≥ 10 19 6.46

C1 level – level of perimenstrual seizure
exacerbation
WWE women with epilepsy

seizures and the level that distinguishes
progesterone responders at a statistically
significant and clinically important level.
The actual enrollment of a larger sam-
ple size might have achieved a signif-
icant difference, i. e. 234 progesterone
and 117 placebo-treated subjects might
show the demonstrated C1 ≥ 1.69 pro-
gesterone responder rate of 27.3 % versus
placebo rate of 14.2 % with p ≤ .05 and
power of 0.80. Even with these larger
numbers, however, the responder rate
would still not achieve what we consider
to be a clinically important response level
of ≥ 35%.

Progestin therapy

Parenteral depomedroxyprogesterone
may lower seizure frequency when it
is given in sufficient dosage to induce
amenorrhea [52, 60]. In one open label
studyof 14womenwith refractorypartial
seizures and normal ovulatory cycles,
parenteral depomedroxyprogesterone
administration in doses large enough to
induce amenorrhea (i. e. 120–150mg ev-
ery6–12weeks) resulted in a 39 %seizure
reduction [52]. It was unclear whether
the effect was due to direct anticonvul-
sant activity of medroxyprogesterone or
to the hormonal consequences of the
induced amenorrhea. One patient who
had an absence of seizures rather than

partial ones did not improve. Side effects
included those encountered with natu-
ral progesterone. Depot administration,
however, is also commonly associated
with hot flashes, irregular breakthrough
vaginal bleeding and a lengthy delay of 6
to 12 months in the return of regular
ovulatory cycles [52]. Long-term hypoe-
strogenic effects on cardiovascular and
emotional status need to be considered
with chronic use. Bone density is only
partially maintained.

Oral synthetic progestins adminis-
tered cyclically or continuously have
not proven to be an effective therapy for
seizures in clinical investigations [51, 52],
although individual successes with con-
tinuous daily oral use of norethistrone
andcombinationpillshavebeenreported
[61].

Gonadotropin-releasing hormone
analogue therapy

Bauer et al. [62] used triptorelin, a
synthetic gonadotropin-releasing hor-
mone (GnRH) analogue (3.75 mg) in a
controlled release depot form intramus-
cularly every 4 weeks for an average of
11.8 months in 10 women (aged 20–50)
with catamenial seizures intractable to
high therapeuticdosesof carbamazepine,
diphenylhydantoin, phenobarbital and
valproic acid in monotherapy or com-
bined. They remained on a stable dose of
theanticonvulsant throughout theperiod
of treatment with triptorelin. They re-
ported that three patients became seizure
free; four showed a decrease in seizure
frequency of up to 50%. In one patient
the duration of seizures was shortened;
in two patients there was no therapeutic
effect. These results were attained within
the first two months of starting trip-
torelin. The study was not a controlled
study and longer term follow-up was not
available for some of the patients. Serum
LH and estrogen were measured in one
patient before and during the second
month of triptorelin treatment, and as
expected showed marked inhibition of
LH and estrogen production. All the
women became amenorrheic. Eight of
the ten patients experienced hot flushes,
headache or weight gain.

Haider and Barnett [63] reported on
the use of goserelin 3.6 mg subcuta-
neously every 4 weeks in a 41 year old
woman who had had frequent catame-
nial status epilepticus despite therapeutic
anticonvulsant drug levels, which also
did not respond to levonorgestrel/ethinyl
estradiol. They reported a decrease in
frequency from ten admissions for status
to three over a similar period.

GnRH analogues basically create a
medical oophorectomy. Common side
effects are flushing, vaginal dryness and
dyspareunia. Serious long-term risks
include osteoporosis and cardiovascular
disease. Reid and Gangar [64] suggested
the addition of medroxyprogesterone
acetate and conjugated estrogens to
goserelin to prevent this while still abol-
ishing most of the cyclical fluctuations of
ovarian hormones. Finkelstein et al. [65]
recently discussed the use of parathyroid
hormone to prevent bone loss in women
treated with GnRH analogues. Although
neither Bauer et al. [62] nor Haider and
Barrett [63] reported exacerbation of
seizures with GnRH analogues, Herzog
[66] found that during the first 3 weeks,
when there is an initial stimulation of
estrogen before its production is inhib-
ited, some women experienced such a
marked exacerbation of seizures and
auras that they could not tolerate further
use of GnRH analogue.

Responder rate and seizure
change in relation to C1 level:
progesterone vs placebo
treatment

This is a plot of ≥ 50% responders versus
the level of perimenstrual seizure exac-
erbation (C1 level). C1 levels were deter-
mined during baseline and are expressed
as multiples of the combined mid-fol-
licular and mid-luteal seizure frequen-
cies. Each level includes all women who
had seizure exacerbation greater than or
equal to that specific level of catame-
niality. With increasing C1 levels, the
rate of ≥ 50% responders increased from
21.3% to 57.1 % with progesterone treat-
ment as compared to an increase of only
19.6 % to 20.0 % with placebo treatment.
The anticipated primary outcome that
35% of catamenial progesterone treated
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versus 15% of placebo treated women
would show a≥ 50% reduction in seizure
frequency is realized atC1 level≥3where
37.8 % of progesterone treated as com-
pared to11.1 %ofplacebo treatedwomen
were ≥ 50% responders (p = 0.0372).
In comparison to the responder rate of
the combined placebo group, the proges-
terone responder rates are significantly
greater at each C1 level ≥ 3.

With increasing C1 levels from 1–10,
the percent reduction in ADSF (mean
±SEM)progressed from25.5 % to 71.0 %
for progesterone as compared to 25.0
to 26.2 % for placebos. Separation be-
tween the treatments reached signifi-
cance at C1 levels ≥ 4. In comparison to
change inADSF in the combined placebo
group, the changes in ADSF in proges-
terone treated subjects are significant at
each C1 level ≥ 3.
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Fachnachrichten

EUanalysiert Gesundheits-
risiko durch endokrine Stoffe

Inwieweit können endokrinwirksame
Substanzen (EAS) Gesundheitsrisiken be-

deuten? In einer Studiewill die EU-Kom-
mission bis 2016 nun dieser Frage nachge-

hen und eine Antwort darauf finden,wo

die Grenzen für eine unbedenkliche Ex-
position zu ziehen sind. Beispiele für en-

dokrin aktive Substanzen, diemitunter in

Lebens- und Futtermitteln nachgewiesen
werden, umfassen Pestizide, Dioxine und

PCB sowie eine Reihe von in Lebensmit-
telkontaktmaterialien enthaltene Sub-

stanzenwie Bisphenol A (BPA). NachAn-

sicht der EU-Kommision stehen hormonak-
tive Stoffe in Verdacht, inwenigstens drei

Wegen störend in denOrganismus einzu-

greifen:
4 Erstens imitieren sie die Aktivität von

natürlich produziertenHormonenwie
Östrogen oder Testosteron und lösen

damit ähnliche chemische Reaktionen

im Körper aus (Hormon-Agonisten).
4 Weiterhin blockieren sie dieHormon-

rezeptoren in Zellen und verhindern so

dieWirkung von normalenHormonen
(Hormon-Antagonisten).

4 Sie beeinflussen darüber hinaus
die Synthese, den Transport, den

Metabolismus unddie Ausscheidung

vonHormonen und ändern hierdurch
die Homöostase von natürlichenHor-

monen imOrganismus.

Die Deutsche Forschungsgemeinschaft un-
terstütztmit dem Schwerpunktprogramm

„THYROID TRANSACT“ die Forschungsar-
beiten auf europäischer Ebene.

www.thyroidtransact.de
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