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Disorders of reproduction in
patients with epilepsy

Reproductive dysfunction is unusually
common among women and men who
have epilepsy [1–3]. It generally mani-
fests as menstrual disorder, hirsutism,
and infertility in women [2], and loss
of libido, impotence, and infertility in
men [3]. Reproductive dysfunction is
often associated with and is the conse-
quence of reproductive endocrine disor-
ders [1–3]. Both epilepsy and antiepilep-
tic drugs (AEDs) have been causally im-
plicated [1–5]. Epilepsy and AEDs can
target a number of substrates to have an
impact on hormone levels. These include
the limbic system, hypothalamus, pitu-
itary, peripheral endocrine glands, liver,
and adipose tissue [6, 7]. Reproductive
endocrine disorders can lead not only to
reproductive dysfunction, but also to the
exacerbationofepilepsy[6, 7]. Anunder-
standing of these relationships and their
underlying neurological and neuroen-
docrine mechanisms is important to the
comprehensive management of women
and men with epilepsy (MWE).

Reproductive dysfunction in
women with epilepsy

Hospital- [2, 7, 8] and community-based
[9] studies have shown that menstrual
disorders are more common among
women with epilepsy than in the gen-
eral population. Menstrual disorders
can be categorized in women with
epilepsy as amenorrhea (no menses
for 6 months), oligomenorrhea (cycle
intervals > 32 days), polymenorrhea
(cycle intervals < 26 days), abnormal
variation in cycle intervals (> 4 days),
and menometrorrhagia (heavy menses
and bleeding between menses [10]). Cy-
cle intervals between 26 and 32 days,
rather than the currentlypopularbroader

range of 21–35 days, should be consid-
ered normal in women with epilepsy, be-
cause ovulatory rates drop substantially
and statistically significantly, i. e., from
> 75 to < 50%, outside of the 26- to
32-day range [10]. Ovulation is con-
sidered to be an important criterion in
this population because anovulatory cy-
cles are associated with greater seizure
frequency [11–13]. Menstrual disorders,
using the above definition, are currently
estimated to occur in one third ofwomen
with epilepsy compared with 12–14%
of women in the general population [6,
10]. More than one third of cycles in
womenwith localization-related epilepsy
are anovulatory, compared with 8–10%
in controls [10, 14, 15]. There is conflict-
ing evidence as to whether anovulatory
cycles are more common with localiza-
tion-related epilepsy or primary gener-
alized epilepsy [14, 15]. Women with id-
iopathic epilepsy are only 37% as likely
as unaffected female siblings to become
pregnant [16]. This finding is not at-
tributable to the marital rate or to seizure
type, age at onset, or family history of
epilepsy [16]. In comparison with the
general female population, fertility is re-
duced to 69–85% of the expected num-
ber of offspring among married women
with epilepsy, primarily temporolimbic
epilepsy (TLE) [17, 18].

Reproductive endocrine
disorders in women with
epilepsy

The most common reproductive en-
docrine disorder in womenwith epilepsy
in addition to women in the general
population is polycystic ovary syndrome
(PCOS) [2, 19, 20]. PCOS occurs in 10 to
20% of women with epilepsy compared

with 5% to 6% of women in the general
population [6, 7, 18, 20]. This increased
rate of occurrence may be of consider-
able medical significance because PCOS
is associated with a higher prevalence of
migraine, emotional disorders, diabetes,
cardiovascular disease, and female can-
cers in the general population [20].

Polycystic ovary syndrome is prob-
ably not a single nosological entity, but
rather the common end point for a num-
ber of pathophysiological mechanisms,
some of which may be attributable to
epilepsy itself [2, 7, 19, 20] or to the use
of AEDs, most notably valproate [5, 14,
15, 21]. PCOS represents the failure of
the ovarian follicle to complete normal
maturationduring themenstrual cycle or
a series of cycles, a failure that is perhaps
related to the presence of inadequate lev-
els of pituitary follicle-stimulating hor-
mone (FSH), while levels of luteinizing
hormone (LH) are normal or elevated
[7, 20]. These conditions can produce
two results. There is a failure of ovula-
tion and the partially developed follicle
is retained in the ovary in the form of
a tiny cyst [7, 20]. This partially devel-
oped follicle is secretory, but deficient
in aromatase, the enzyme that converts
testosterone to estrogen, and, therefore
has testosterone as its principal secretory
product. Testosterone may increase the
positive feedback of estrogen on pitu-
itary LH secretion [21], resulting in in-
creased ovarian steroid secretion, which,
under these circumstances, may be pre-
dominantly testosterone and can result
inhyperandrogenism. Thetestosteroneis
aromatized in peripheral adipose tissue,
generally producing high–normal levels
of estrogens, which is a major source of
the estrogen feedback on the pituitary.
The persistent occurrence of such cy-
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Fig. 18 Reproductive endocrine data inmedicated andunmedicatedwomenwith left and right temporolimbic
epilepsy (TLE)

cles results in hyperandrogenic chronic
anovulation, which is currently the sim-
plest and perhaps the most utilitarian
definition of PCOS [20, 22].

Hypothalamic amenorrhea (HA –
amenorrhea associated with low go-
nadotropin and estrogen levels and di-
minished LH response to gonadotropin-
releasing hormone [GnRH] challenge),
functional hyperprolactinemia (elevated
prolactin levels without identifiable pitu-
itary lesion) and premature menopause
(cessation of ovarian function featuring
amenorrhea and elevated gonadotropin
levels) have also been found to be over-
represented in women with epilepsy [2,
7, 18, 23, 24]. In an investigation of
50 consecutive women with clinical and
electroencephalographic features ofTLE,
28 (56 %) had amenorrhea, oligomen-
orrhea, or abnormally long or short
menstrual cycle intervals [2]. Nineteen
of the 28 women with epilepsy and
menstrual disorders (68 %, 38% over-
all) had readily identifiable reproductive
endocrine disorders: PCOS in 10, hy-
pothalamic amenorrhea in 6 (12%),
premature menopause, in this study

before 30 years of age, in 2 (4 %), and
functionalhyperprolactinemia in1(2 %).
The numbers of women with clinical and
endocrine features of PCOS (20%) and
of HA (12%) were significantly greater
than the estimated frequencies (5% for
PCOS and 1.5% for HA) in the general
female population.

The data showed no significant rela-
tionship overall between the occurrence
of menstrual disorders and the use of
AEDs (53% among users versus 60%
among non-users) and raised the possi-
bility that epilepsy itself may be a factor
[2]. PCOS was more common among
the untreated (30%) than the treated
(13%) women with epilepsy. Treatment
AEDs were of the enzyme-inducing va-
riety. The lower occurrence of PCOS
among women treated with enzyme-in-
ducing AEDs, such as carbamazepine,
has also been demonstrated in an in-
dependent investigation by Hamed et al.
[8]. This is in contradistinction to the no-
table relationship that has been demon-
strated with the enzyme inhibiting AED,
valproate [5].

The potential role of the epileptic
substrate has been suggested by the find-
ing that among women with unilateral
epileptic foci, PCOS is associated with
left temporal and right non-temporolim-
bic foci, whereas HA has been found to
bemore commonwith right TLE [25, 26]
and by the finding that untreated women
with primary generalized epilepsy have
higher pulse frequency gonadotropin-re-
leasing hormone secretion than normal
controls [27]. Increased pulse frequency
or amplitude of gonadotropin-releasing
hormone secretion by the hypothala-
mus results in preferential LH versus
FSH secretion by the pituitary [28, 29],
which would promote the development
of PCOS.

Pathophysiology of reproduc-
tive endocrine disorders in
womenwith epilepsy

Thebrain controls reproductive function
primarily through the hypothalamic reg-
ulation of pituitary secretion [29]. Re-
gions of the hypothalamus that are in-
volved in the regulation, production, and
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secretion of gonadotropin-releasing hor-
mone (GnRH) receive extensive direct
connections from the cerebral hemi-
spheres, especially from temporolimbic
structures that are commonly involved
in epilepsy, and most notably from the
amygdala [1, 2]. Significant relation-
ships have been uncovered through
which epilepsy may influence the func-
tion of this complex neuroendocrine
system.

Animal experimental studies have
shown that the amygdala can be parceled
into cytoarchitectonically distinct func-
tional divisions that exert opposingmod-
ulatory influences on pituitary hormone
secretion [30, 31], reproductive func-
tion [30, 31], and the resting membrane
potentials of individual ventromedial
hypothalamic neurons [32]. Follow-
ing amygdaloid seizures, fos, a protein
marker for neuronal activation, is in-
creased in the sexuallydimorphic regions
of the hypothalamus that are involved
in reproductive endocrine secretion and
reproductive function, i. e., the medial
preoptic, ventromedial, and ventral pre-
mammillary nuclei, but much less so in
other hypothalamic nuclei [33]. Seizures
also decrease GnRH fiber staining in
the ventromedial hypothalamus [34,
35]. Both of these responses to uni-
laterally provoked amygdaloid seizures
occur in a laterally asymmetric fash-
ion with significantly and substantially
greater involvement ipsilaterally than
contralaterally to the seizure focus [33,
35]. Preferential ipsilateral involvement
is potentially important because there are
lateralized biochemical and physiologi-
cal differences between the left and right
sides of the limbic system and also of the
hypothalamus. Specifically, anovulatory
cycles are more common with right than
with left unilateral amygdalectomies
[36]. GnRH content in the ventromedial
hypothalamus of the female rat has been
reported to be 50–100% greater in the
right ventromedial hypothalamus than
in the left ventromedial hypothalamus
[37, 38]. The left and right vagus nerves
exert different modulatory influences on
ovarian structure and function [37, 38].
The experimental findings in the female
rat are consistent with the notion that
disruption of the normal temporolim-
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Abstract
Disorders of reproduction are unusually
common among people with epilepsy.
They are generally associated with and
may be the consequence of reproductive
endocrine disorders. Epilepsy itself and
epileptic seizures have been implicated in
their pathophysiology.
This review focuses on how temporolimbic
dysfunction in epilepsymight disrupt normal
neuroendocrine regulation and promote
the development of reproductive endocrine
disorders. The particular nature of the
dysregulationmay relate to the laterality and
focality of the epilepsy and some hormonal
changes may develop in close temporal
relation to the occurrence of epileptiform
discharges. In women, reproductive
endocrine disorders include polycystic ovary

syndrome, hypothalamic amenorrhea, func-
tional hyperprolactinemia, and premature
menopause. In men, hypogonadism may
be hypogonadotropic, hypergonadotropic
or related to hyperprolactinemia. The
significance of these reproductive endocrine
disorders is that they may contribute not
only to sexual dysfunction and infertility, but
may also have an adverse impact on seizure
control.
This review also includes sections on
special considerations in the treatment of
reproductive endocrine disorders for women
and menwith epilepsy.

Keywords
Endocrine · Polycystic ovary syndrome ·
Epilepsy · Reproduction · Hormones

Reproduktionsstörungen bei Patientenmit Epilepsie

Zusammenfassung
Reproduktionsstörungen sind unter
Menschen mit Epilepsie ungewöhnlich
weit verbreitet. Sie sind allgemein mit
reproduktiven endokrinen Störungen
verbunden und können auch deren Resultat
sein. In ihrer Pathophysiologie spielen die
Epilepsie selbst sowie epileptische Anfälle
eine Rolle.
Dieser Überblick befasst sich mit der Frage,
wie temporolimbische Dysfunktion bei
Epilepsie die normale neuroendokrine
Regulation stören und die Entwicklung von
reproduktiven endokrinen Störungen fördern
kann. Die besondere Natur der Dysregulation
mag mit der Lateralität und Fokalität der
Epilepsie zusammenhängen und manche
hormonelle Veränderungen können sich
im engen zeitlichen Zusammenhang zum
Auftreten von epileptiformen Entladungen
entwickeln. Bei Frauen umfassen reproduktive

endokrine Störungen das polyzystische Ovar-
Syndrom, die hypothalamische Amenorrhoe,
die funktionelle Hyperprolaktinämie und die
vorzeitige Menopause. Bei Männern kann
der Hypogonadismus hypogonadotrop,
hypergonadotrop oder durch Hyperpro-
laktinämie verursacht sein. Die Bedeutung
dieser reproduktiven Erkrankungen ist,
dass sie nicht nur zu sexueller Dysfunktion
und Unfruchtbarkeit führen, sondern
auch ungünstige Auswirkungen auf die
Anfallsbehandlung haben können.
Der Überblick enthält auch Abschnitte zu
speziellen Überlegungen in der Behandlung
von reproduktiven endokrinen Störungen bei
Frauen und Männern mit Epilepsie.

Schlüsselwörter
Endokrin · Polyzystisches Ovar-Syndrom ·
Epilepsie · Reproduktion · Hormone

bic modulation of hypothalamopituitary
function may interfere with ovarian
hormonal secretion and promote the
development of reproductive endocrine
disorders [39]. The findings suggest,
moreover, that the reproductive neu-
roendocrine system, like many other
brain systems, shows a lateralized asym-
metry that may, by virtue of ipsilaterally
predominating effects, contribute to the

development of distinct reproductive
endocrine disorders in association with
unilateral left- and right-sided epileptic
foci [40].

There are also important clinical find-
ings that indicate that reproductive en-
docrine function differs between women
with epilepsy and normal controls and
that the laterality and focality of epilepsy
may be important determinants of re-
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Fig. 29 Interictal parox-
ysmal EEGdischarges and
closely related reproduc-
tive endocrine changes
in gonadotropin andpro-
lactin secretion inwomen
with left- and right-sided
unilateral TLE. Left tempo-
ral dischargeswere often
accompanied by abnormal
suppression (> 104.3min
without a pulse peak) of
LH pulsatility and subse-
quent abnormal > 27%el-
evation inmean baseline
LH levels. Right temporal
dischargeswere often fol-
lowedby abnormally high
prolactin pulse peak val-
ues and continuation of LH
pulsatility

productive endocrine function [7]. Uni-
lateral temporolimbic discharges are as-
sociated with laterally differing, consis-
tent, predictable, stochastic directional
changes in hormonal secretion at all lev-
els of the reproductive neuroendocrine
axis, i. e., hypothalamus, pituitary, and
ovary (. Fig. 1; [7]).

Hypothalamic parameters. Luteiniz-
ing hormone pulse frequency (LHPF)
was significantly more variable among
women with TLE than among con-
trols (6.0 ± 0.7 vs 5.8 ± 1.7; p < 0.01).
Women with left TLE had higher LHPF
than women with right TLE (6.5 ± 1.5
vs 4.9 ± 1.7; p < 0.01), regardless of
medication use (untreated: 7.2 ± 1.6
vs 4.0 ± 0.8; p < 0.01). Luteinizing

hormone pulse amplitude (LHPA) was
significantly higher among untreated
women with TLE than among treated
women (3.0 ± 1.4 vs 2.3 ± 0.7; p = 0.05)
and controls (2.1 ± 0.6; p < 0.05) without
any significant laterality effect.

Prolactin pulse frequency (PRLPF)
showedno significant findings in relation
to epilepsy, epilepsy laterality or med-
ication use. Prolactin pulse amplitude
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Fig. 38Gonadal steroid secretion is regulated by pituitary gonadotropins,
luteinizing hormone (LH), and follicle-stimulating hormone (FSH), that are,
in turn, regulated by the pulsatile secretion of gonadotropin-releasing hor-
mone (GnRH) by sexually dimorphic reproductive endocrine nuclei in the
hypothalamus. The amygdala can be parceled into two cytoarchitectoni-
cally distinct functional divisions, corticomedial and basolateral, that exert
opposingmodulatory influences on the hypothalamic regulation of pitu-
itary secretion. The amygdala also regulates the autonomic (sympathetic
– SympN.S. – andparasympathetic – Vagus) innervation of the testes that
likely plays a trophic and an endocrine regulatory function, and receives va-
gal afferents (dotted line) that have an impact on amygdaloid excitability.
Anti-epileptic drugs differentially affect gonadal testosterone biosynthesis,
hepatic sex hormone binding globulin (SHBG) production, and aromatiza-
tion and reduction of testosterone to potent glutamatergic neuroexcitatory
(estradiol – E2) andGABAergic neuroinhibitory (androstanediol – ADiol)
metabolites thatmay feed back (dashed line) tomodulate temporolimbic
neuroexcitability and seizures

(PRLPA) was significantly more variable
among women with TLE than among
controls (4.6 ± 6.1 vs 3.0 ± 1.5; p < 0.001).
Variability was significantly greater
among women with right TLE than
among women with left TLE (6.7 ± 8.6
vs 3.0 ± 1.8; p < 0.001). PRLPA values
were significantly greater for treated
women with right TLE (8.1 ± 9.6) than
for untreated women with right TLE
(2.4 ± 0.7; p < 0.05), in addition to
women with LTLE (treated: 2.9 ± 1.7;
p < 0.05; untreated: 3.5 ± 2.3; p < 0.10)
andcontrols (3.0±1.5; p<0.05). LH/FSH
was significantly greater for women with
left TLE than for women with right TLE
(1.1 p ± 0.5 vs 0.65 ± 0.35; p < 0.01),
regardless of medication use (untreated:
1.4 ± 0.6 vs 0.58 ± 0.10; p < 0.01).

Pituitary parameters. Luteinizing hor-
mone was more variable among women
with TLE than among controls (4.9 ± 2.5
vs 4.7 ± 1.5; p = 0.05). The mean value
washigher amonguntreatedwomenwith

left TLE (7.1 ± 3.7) than among treated
women with LTLE (5.0 ± 1.9; p < 0.10)
and controls (4.7 ± 1.5; p < 0.10), and
more than twofold greater than themean
value for untreated women with right
TLE (3.1 ± 0.9; p = NS). FSH was more
variable among women with TLE than
among controls (5.9 ± 2.0 vs 5.2 ± 0.9;
p = 0.01). FSH was significantly higher
for women with right TLE (6.7 ± 2.0)
than for women with left TLE (5.3 ± 1.8;
p < 0.05). This lateralized difference
among women with TLEwas statistically
significant only among treated women
(7.1 ± 2.0 vs 5.4 ± 2.0; p < 0.05). PRL
did not show any significant finding in
relation to epilepsy, epilepsy laterality or
medication use.

Peripheral gland parameters. Testos-
terone levels were significantly greater
for leftTLE than for right TLE (35 ± 16 vs
22 ± 9; p < 0.01) as they were for controls
(32 ± 11 vs 22 ± 9; p < 0.01). There
was no significant finding in relation to

medication use. Estradiol levels were
significantly greater among controls than
women with epilepsy (35 ± 6 vs 22 ± 8;
p < 0.001) regardless of medication use
(untreated: 25 ± 7; p < 0.01; treated:
21 ± 7; p < 0.01). E2 levels were signifi-
cantly greater for left TLE than for right
TLE (25 ± 7 vs 18 ± 6; p < 0.01) and
each was significantly less than controls
(35 ± 6; p < 0.01). Lower E2 values
with medication use were attributable to
the use of enzyme-inducing drugs (E2
for barbiturate, carbamazepine, pheny-
toin users versus controls = 14.5 + 4.5
vs 35.4 + 6.2; p < 0.001) as opposed
to non-enzyme-inducing drugs (E2 for
gabapentin, lamotrigine, valproate users
versus controls = 28.3 + 9.4 vs 35.4 + 6.2;
p = N.S.). Untreated women with
TLE had substantially lower E2 levels
(24.9 + 7.6) than controls (35.4 + 6.2),
albeit without statistical significance
(p < 0.20). Dehydroepiandrosterone
sulfate (DHEAS) values were signif-
icantly greater for controls than for
women with TLE (189.2 ± 51.1 vs
110.4 ± 72.7; p < 0.001). DHEAS values
were significantly greater for controls
(189.2 ± 51.1;p < 0.01) and untreated
women with TLE (160.1 ± 65.3; p < 0.01)
than for treated women with TLE
(93.8 ± 68.2). Lower DHEAS values with
medication use were attributable to the
use of enzyme-inducing drugs (DHEAS
for barbiturate, carbamazepine, pheny-
toin users versus controls: 49.2 + 37.2 vs
189.2 + 51.1; t test p < 0.001) as opposed
to non-enzyme-inducing drugs (DHEAS
for gabapentin, lamotrigine, valproate
users = 108.5 + 50.7 vs 189.2 + 51.1;
t test p = N.S.). Values for enzyme-
inducing drug users were significantly
lower than for non-enzyme-inducing
drug users (49.2 + 37.2 vs 108.5 + 50.7;
p < 0.001).

These directional changes are consis-
tent with the finding that different repro-
ductive disordersmaydevelop in relation
to left- and right-sided temporolimbic
epilepsy. Specifically, left TLE is associ-
ated with significantly higher pulse fre-
quencies of GnRH secretion [7]. Higher
GnRH pulse frequency, in turn, is as-
sociated with higher LH/FSH ratios and
higher serum testosterone levels. This
combination of neuroendocrine changes
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characterizesPCOSandisconsistentwith
the previously suggested association be-
tween left unilateral TLE and PCOS. Ten
percent to 20% of women with TLE have
been found to have PCOS, in compar-
ison with about 5–6% in the general
population [20]. Right unilateral TLE
is associated with lower GnRH pulse fre-
quency, which is in turn associated with
decreased LH and estradiol levels [2, 7].
These features are characteristic ofHA [2,
7, 18, 25, 26]. Some hormonal changes
can show close a temporal relationship
with the occurrence of interictal epilep-
tiform discharges and these vary in re-
lation to the laterality of the discharges
(. Fig. 2; [7]). Specifically, the occur-
rence of abnormal prolactin pulse am-
plitudes predominantly after right tem-
porolimbic discharges, and the suppres-
sionofLHpulsatilitywithsubsequentele-
vationofLHbaselinevaluesafter lefttem-
porolimbic discharges, raise the possibil-
ity that paroxysmal interictal discharges
may acutely disrupt normal hypothala-
mopituitary endocrine function. Men-
strualdisordershavebeenfoundtobesig-
nificantly more common among women
with interictal discharges as well with as-
sociated abnormal neuroendocrine reg-
ulation [7].

Antiepileptic drugs have substantial
and differential effects on reproductive
hormone levels [7]. Therearenotabledif-
ferences between enzyme-inducing and
-non-inducingdrugs,withthe formerbe-
ing associated with lower serum levels of
some ovarian and adrenal steroids: estra-
diol, testosteroneanddehydroepiandros-
terone sulfate [7]. There is also consider-
able evidence to suggest that menstrual
disorders, anovulatory cycles, polycystic
ovaries and PCOS might be more com-
mon among women who take valproate
and particularly so when started early
during the reproductive years [15, 41].
These findings implicate valproate in the
pathophysiology of PCOS.

An alternative and possibly unifying
consideration is that PCOS may develop
as an interactional effect between AED
use and epilepsy [20, 42]. Specifically,
there is the possibility that epilepsy may
promotePCOSdevelopment and that en-
zyme-inducing AEDs treat not only the
epilepsy, but also the PCOS by enzyme

induction that increases the synthesis of
sex hormone binding globulin and the
metabolism of testosterone resulting in
lower levels of bioavailable testosterone
[20, 42]. In contrast, enzyme-inhibiting
drugs,mostnotablyvalproate,mayretard
the aromatization of testosterone to es-
trogen andpotentiate the development of
epilepsy-related hyperandrogenism and
hence PCOS [20, 42]. Antiseizure med-
ications other than valproate, therefore,
may treat hyperandrogenism and thus
PCOS, whereas valproate therapy may
not. Thismechanism, thereby, couldcon-
tribute to a higher occurrence of PCOS in
valproate-treated women with epilepsy.
If this were an extant mechanism, then
valproatewould not be the primary cause
of PCOS, yet its selection as treatment
may be an important factor.

Special considerations in the
treatment of reproductive
endocrine disorders in women
with epilepsy

The standard treatment for PCOS in
the general population is with the use
of oral contraceptive pills. The use of
contraceptive hormones, however, re-
quires special precautions in women
with epilepsy because the results of the
Epilepsy Birth Control Registry, a large-
scale, community-based survey of more
than 1,000 women with epilepsy thus far,
finds that the use of hormonal contra-
ception is associated with more reports
of seizure increase and decrease than
the use of non-hormonal contracep-
tion. Overall, in comparison with non-
hormonal methods, hormonal contra-
ceptionhada significantlygreater relative
risk of both seizure increase (21.0 % vs
3.9%; RR = 5.39 [95 % CI = 3.77–7.73,
p < 0.0001]) and seizure decrease (10.3 %
vs 5.6 %; RR = 1.85 [95%CI = 1.30–2.62,
p = 0.0006]), with seizure increase be-
ing substantially higher (RR = 5.39 vs
1.85) [43]. Since insulin resistance is a
common feature of PCOS, metformin
is another common endocrine treat-
ment of PCOS. This too requires cau-
tion because hypoglycemia can trigger
seizures.

Reproductive dysfunction in
men with epilepsy

Diminished libido or potency occurs
in approximately 20% of MWE as de-
termined by standardized questionnaire
survey [4]. Older studies, using mostly
structured or unstructured interviews,
found higher frequencies ranging from
38 to 71% [3, 4, 6, 44–49]. Abnor-
mal semen analysis, including decreased
sperm count, abnormal morphology or
impaired motility, have been reported in
upwards of 90% of MWE [41, 44, 46].
Men with idiopathic epilepsy are only
36% as likely as male unaffected siblings
to ever father a pregnancy [16]. This
reduction is associatedwith localization-
related epilepsy, onset of seizures before
20 years of age, and absence of a fam-
ily history of epilepsy [16]. The effect
is mitigated by reduced marital rates.
Among married MWE, reproductive
disadvantage was confined to those with
onset before 10 years of age [16].

Reproductive endocrine
dysfunction in men with
epilepsy

Hypogonadism refers to diminished go-
nadal function as determined by low
serum testosterone level and/or de-
creased or abnormal sperm production
[6]. It can manifest as diminished sexual
interest, potency, fertility, energy, mood,
competitive drive, bone and muscle
mass, and secondary sexual character-
istics. Physical signs include a loss of
male escutcheon, gynecomastia, and
testicular atrophy. The clinical impres-
sion of hypogonadism can be verified by
laboratory testing. Testosterone exists
in three major forms: tightly bound to
sex hormone binding globulin (SHBG,
45–50%), loosely bound to albumin
(50–55%), and unbound (1–2%) [6].
Thealbumin-boundand freeportionsare
available to tissues and, therefore, consti-
tute the clinically important bioavailable
portion. Measures of bioavailable testos-
terone (BAT) suggest that hypogonadism
may occur in one third of men with TLE
[4]. BAT shows a substantially earlier
and greater age-related decline in MWE
than in controls [4]. In a sample of men
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with localization-related epilepsy, we
found that BAT fell below normal con-
trol levels in 11% ofmen between 20 and
30 years, 27% between 30 and 40 years,
and 89% between 40 and 50 years of age
[4]. Several [4, 47, 49], but not all [50],
investigations have found significant re-
lationships between reduced serum BAT
measures and sexual dysfunction. MWE
may showevidence of sexual dysfunction
in the setting of low to normal BAT levels
at which men in the general population
may not show clinical manifestations [3,
4, 6]. This may constitute an argument
against the importance of the BAT level.
Alternatively, higher BAT levels may be
required for normal sexual function in
the setting of the altered brain substrate
of TLE.

Pathophysiology of reproduc-
tive endocrine disorders inmen
with epilepsy

The etiology of hypogonadism in addi-
tion to reproductive and sexual dysfunc-
tion in MWE has been attributed to a
number of possible causes. These include
psychosocial stress, AEDs, and epilepsy
itself [6].

Psychosocial stress associated with
epilepsy may play an important role
in hypogonadism [51–56]. From a
neuroendocrine perspective, stress re-
sponse involves the activation of the
hypothalamo-pituitary-adrenal (HPA)
axis [6, 52–56]. Cortisol levels are
higher in individuals with epilepsy than
in controls, not unlike individuals with
depression [53]. Unlike depression,
however, diurnal variation is often lost
in epilepsy [53]. Factors that increase
the activity of the HPA axis interfere
with reproductive endocrine secretion
and reproductive function [6, 52–56],
and may contribute to seizure exacer-
bation [6]. Stress increases the release
of proopiomelanocortin (POMC), the
precursor protein that is cleaved to form
adrenocorticotropic hormone (ACTH)
and endorphin [54, 56], both of which
inhibit gonadotropin secretion and re-
productive function [52, 56]. ACTH
increases cortisol secretion; endorphins
increase dehydroepiandrosterone pro-

duction. Both of these steroids have
GABA-negative allosteric modulatory
properties that can lower seizure thresh-
olds and increase anxiety [6, 57].

Enzyme-inducing AEDs can directly
suppress gonadal testosterone synthe-
sis, increase testosterone binding by
the induction of sex hormone binding
globulin (SHBG) synthesis, and increase
serum estradiol levels in absolute or rela-
tive terms [4, 58]. Although constituting
only 1%of the total reproductive steroid,
estradiol exerts one half of the negative
feedback on the hypothalamopituitary
axis [6]. Therefore, a small increase in the
estradiol level, presumably as a result of
an AED-induced increase in aromatase
activity, could have a disproportion-
ately large negative feedback effect on
gonadotropin production, thereby con-
tributing to hypogonadism. In a com-
parison of sexual/reproductive function
and reproductive hormone levels among
85 MWE who took various AEDs (25 on
carbamazepine [CBZ], 25 on phenytoin
[PHT], 25 on lamotrigine [LTG], and
10 untreated for at least 6 months (No
AED)] and 25 controls, Herzog et al.
[4] found that sexual function scores
(S-scores), hormone levels (bioactive
testosterone, estradiol), hormone ratios
(bioactive testosterone/bioactive estra-
diol), and gonadal efficiency (bioactive
testosterone/luteinizing hormone) were
significantly greater in the control and
LTG-treated groups than in the CBZ-
and PHT-treated groups. Sex hormone
binding globulin was significantly higher
in the CBZ and PHT groups than in all
other groups. Among the significant
findings were the following. S-scores
were below the control range in 20%
of the MWE, including 32% on CBZ,
24% on PHT, 20% on no AEDs, and
4% on LTG. Bioactive testosterone was
below the control range in 28.2 %, in-
cluding 48% on CBZ, 28% on PHT,
20% on no AEDs, and 12% on LTG.
Among MWE who had low S-scores,
70.6% had bioactive testosterone levels
below the control range compared with
17.6%amongmenwithnormal S-scores.
Among MWE who had abnormally low
bioactive testosterone, 50.0 % had low S-
scores; among men with normal bioac-

tive testosterone, 8.2 % had low S-scores.
Bioactive testosterone decline with age
was greater among MWE than among
controls and notably greater in the CBZ
and PHT groups than in the LTG and un-
treated groups. Overall, sexual function,
bioavailable testosterone levels, and go-
nadal efficiency in MWE who took LTG
were comparable with control and un-
treated values and significantly greater
than with carbamazepine or phenytoin
treatment.

The temporolimbic system is one of the
most common sites of origin or involve-
ment in adult epilepsy. It also plays an in-
tegral role in reproductive endocrine reg-
ulation and feedback, and in sexual and
reproductive function [1, 3, 6]. Conse-
quently, the development of epileptiform
discharges inmedial temporal lobe struc-
tures may disrupt the hypothalamic reg-
ulation of pituitary secretion and hence
alter gonadal function and reproductive
function (. Fig. 3; [1, 3, 6]). Animal
experimental investigations have shown
that focal limbic seizures, in addition to
generalized seizures, disrupt the normal
gonadal structure, physiology, andserum
androgen levels in the male rat [59], and
that the inductionofseizures intheamyg-
dala, but not in the motor cortex, pro-
duces hyposexuality in the male cat [60].
Clinical studies suggest that TLE might
be associated with altered gonadotropin
response to GnRH infusion regardless
of AED use [61]. Mean baseline LH and
LHpulse frequencyare significantlymore
variable among MWE than among con-
trols andmay showbidirectional changes
thatrelate toEEGlaterality [62]. Epilepti-
form discharges inmen are accompanied
byacute elevations inprolactin levels [63]
and may also be accompanied by acute
changes in patterns of LH secretion [6].
Quigg et al. [63] have found that in-
terictally, LH pulse frequency and mean
concentration are lower and pulse ampli-
tudes are higher than in controls. Post-
ictally, they found no change in mean
pulse frequency, but did detect a signif-
icant change in the regularity of pulse
occurrence. Clinically, there may be a
greater occurrence of sexual dysfunction
inmenwithright, rather than left, lateral-
ized TLE [3, 65, 66]. There is also animal
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experimental evidence to suggest that the
left and right sides of the hypothalamus
might exert different effects on sexual
function [67]. Testosterone levelsmay be
lower in men with temporal foci than in
those with extratemporal foci [68]. Suc-
cessful temporal lobectomy in hypogo-
nadal men with intractable seizures has
been associated with the normalization
of testosterone levels [69] and improve-
ment in sexual interest and function [70].
A remarkably high frequency of abnor-
mal findings in semen analysis has been
reported to occur among untreated and
among treated MWE [4, 71].

Changes in reproductive steroid con-
centrations may have an impact on
seizure tendency and reproductive func-
tion. While estrogen is proconvulsant
and progesterone is anticonvulsant in
most adult animal models of LRE, the
effect of testosterone on experimen-
tal seizures appears to be mixed. This
may be related to its ready metabolism
by aromatase to estradiol, which has
neuroexcitatory effects [72], while it
can also be metabolized by reductase
to dihydrotestosterone and further to
androstanediol, a potent GABAergic
steroid with antiseizure properties [6,
73].

Special considerations in the
treatment of reproductive
endocrine disorders inmenwith
epilepsy

Treatment of hypogonadismmay involve
a transition from potent enzyme-induc-
ing to non- or less-inducing AEDs. A
report of 4 cases suggests that switching
AED treatment from carbamazepine to
oxcarbazepine inMWEmight reduce the
erectile dysfunction side effects observed
with carbamazepine [74].

Testosterone replacement has proven
only moderately effective in restoring
sexual function, possibly because of its
ready metabolism to estrogen, espe-
cially in the setting of enzyme-inducing
AEDs, one pilot study has reported
superior results using combined treat-
ment with testosterone and an aromatase
inhibitor that blocked the transforma-
tion of testosterone to estradiol [75].

Combined therapy was associated with
seizure reduction as well [75].

A prospective, randomized, double-
blind trial compared the effects of de-
potestosterone + another aromatase in-
hibitor anastrozole (T-A) versus depo-
testosterone + placebo (T-P) on sexual
function, hormone levels, mood, and
seizure frequency. Forty men with fo-
cal epilepsy, hyposexuality, and hypog-
onadism were randomized 1:1 to one
of two groups (T-A or T-P) for a 3-
month treatment trial of depo-testos-
terone + either anastrozole or match-
ing placebo [76]. Outcomes included
both efficacy and safety measures. Nor-
malization of sexual function (S-score)
occurred with greater frequency in the
T-A (72.2 %) than in the T-P (47.4 %)
group, but the difference was not statis-
tically significant. T-A resulted in signifi-
cantly lowerE2 levels and sexual function
scores correlated inversely with E2 levels
at baseline and during treatment. Beck’s
Depression Inventory (BDI II) scores im-
proved significantly in both groups and
changes in sexual function scores cor-
related inversely with changes in BDI
II score. Changes in seizure frequency
correlated with changes in BDI II score.
Seizure frequency decreased with both
treatments and showed significant corre-
lations with E2 levels. Triglyceride levels
increased with T-P and decreased with
T-A. The difference in TG changes be-
tween the two treatments was significant
and correlated with changes in E2 levels.
Significant correlationsbetweenE2 levels
and sexual function scores, in addition
to seizure outcomes and triglyceride lev-
els, suggest that further study might be
necessary regarding the potential role of
anastrozole inthetreatmentofMWEwho
have hyposexuality and hypogonadism.
By way of important adverse effect con-
siderations, anastrozole is an inhibitor of
P450 enzymes and thereby can increase
the effective dose of some medications
taken concomitantly. It can also result
in hepatic dysfunction and increase liver
enzymes.

As the treatment of androgen defi-
ciency may generally be more effective
for loss of libido than potency, the
use of phosphodiesterase inhibitor and
prostaglandin warrant consideration in

the treatment of MWE who have erec-
tile dysfunction. There are no clinical
investigations, however, that specifically
address their safety and efficacy in this
population. Animal investigations have
shown mixed effects in different mod-
els, perhaps reflecting the modulatory
effects of nitric oxide and cGMP on both
excitatory and inhibitory pathways [77,
78]. Of some concern, however, are the
reports of a few healthy men who had
seizures within a few hours of the use
of sildenafil [79] or vardenafil [80] and a
4% rate of seizure occurrencewith alpro-
stadil [81].

The neuromodulatory role of repro-
ductive steroids suggests that a greater
understanding of neuroendocrine regu-
lation in MWE might be important, not
only for reproductive function, but also
for the optimal management of seizure
disorders.

Corresponding address

A. G. Herzog, M.D.
Harvard Neuroendocrine Unit, Beth Israel
Deaconess Medical Center
330 Brookline Avenue, 02215 Boston, MA, USA
aherzog@bidmc.harvard.edu

Compliance with ethical
guidelines

Conflict of interest. A.G. Herzog states that there are
no conflicts of interest.

This article does not contain any studieswith human
participants or animals performedby anyof the au-
thors.

References

1. HerzogAG(1989)Ahypothesis to integratepartial
seizures of temporal lobe origin and reproductive
disorders. EpilepsyRes3:151–159

2. Herzog AG, Seibel MM, Schomer DL et al (1986)
Reproductive endocrine disorders inwomenwith
partial seizures of temporal lobe origin. Arch
Neurol43:341–346

3. Herzog AG, Seibel MM, Schomer DL et al (1986)
Reproductive endocrine disorders in men with
partial seizures of temporal lobe origin. Arch
Neurol43:347–350

4. Herzog AG, Drislane FW, Schomer DL et al (2005)
Differential effects of antiepilepticdrugson sexual
function and reproductive hormones inmenwith
epilepsy. Neurology65:1016–1020

5. Isojarvi JI, Laatkainen TJ, Pakarinen AJ et al
(1993) Polycystic ovaries and hyperandrogenism

Zeitschrift für Epileptologie 4 · 2015 261



Leitthema

in women taking valproate for epilepsy. N Engl J
Med329:1383–1388

6. Herzog AG (2002) Reproductive endocrine
regulation in men with epilepsy: effects on
reproductive function and neuronal excitability.
AnnNeurol51:539–542

7. Herzog AG, Coleman AE, Jacobs AR et al (2003)
Interictal EEGdischarges, reproductive hormones
andmenstrual disorders in epilepsy. Ann Neurol
54:625–637

8. HamedSA,HamedEA,ShokryM,OmarH,Abdellah
MM (2007) The reproductive conditions and lipid
profile in femaleswithepilepsy. ActaNeurol Scand
115:12–22

9. Svalheim S, Taubøll E, Bjørnenak T et al (2003) Do
womenwithepilepsyhave increased frequencyof
menstrualdisturbances? Seizure12:529–533

10. Herzog AG, Friedman MN (2002) Menstrual cycle
interval andovulation inwomenwith localization-
relatedepilepsy. Neurology57:2133–2135

11. Backstrom T (1976) Epileptic seizures in women
related to plasma estrogen and progesterone
duringthemenstrual cycle. ActaNeurolScandinav
54:321–347

12. HerzogAG, Klein P, Ransil BJ (1997) Three patterns
ofcatamenialepilepsy. Epilepsia38:1082–1088

13. Herzog AG, Fowler KM, Sperling MR, Liporace J,
Kalayjian LA, Heck C, Krauss GL, Dworetzky BA,
Pennell PB (2011) and the Progesterone Trial
Study Group. Variation of Seizure Frequencywith
Ovulatory Status of Menstrual Cycles. Epilepsia
52:1843–1848

14. Morrell MJ, Giudice L, Flynn KL et al (2002)
Predictors of ovulatory failure in women with
epilepsy. AnnNeurol52:704–711

15. Lofgren E, Mikkonen K, Tolonen U, Pakarinen A,
Koivunen R, Myllyla VV, Tapanainen JS, Isojarvi JI
(2007)Reproductiveendocrine function inwomen
with epilepsy: The role of epilepsy type and
medication. InEpilepsyBehav10:77–83

16. Schupf N, Ottman R (1994) Likelihood of preg-
nancy in individuals with idiopathic/cryptogenic
epilepsy: social and biologic influences. Epilepsia
35:750–756

17. Dansky LV, Andermann E, Andermann F (1980)
Marriage and fertility in epileptic patients.
Epilepsia21:261–271

18. Webber MP, Hauser WA, Ottman R, Annegers
JF (1986) Fertility in persons with epilepsy:
1935–1974. Epilepsia27:746–752

19. Bilo L, Meo R, Nappi C et al (1988) Reproductive
endocrine disorders in women with primary
generalizedepilepsy. Epilepsia29:612–619

20. HerzogAG, Schachter SC (2001)On theassociation
betweenvalproateandpolycysticovarysyndrome.
Epilepsia42:311–315

21. Eagleson CA, Gingrich MB, Pastor CL, Arora TK,
Burt CM, Evans WS, Marshall JC (2000) Polycystic
ovarian syndrome: evidence that flutamide
restores sensitivity of the gonadotropin-releasing
hormonepulsegenerator to inhibitionbyestradiol
and progesterone. J Clin Endocrinol Metab
85:4047–4052

22. LoboRA (1995)Adisorderwithout identity: “HCA,”
“PCO,” “PCOD,” “PCOS,” “SLS,”Whatarewe tocall it?
Fertil Steril 63:1158–1160

23. Klein P, Serje A, Pezzullo JC (2001) Premature
ovarian failure inwomenwith epilepsy. Epilepsia
42:1584–1589

24. Harden CL, Koppel BS, Herzog AG et al (2003)
Seizure frequency is associated with age of
menopause in women with epilepsy. Neurology
61:451–455

25. Herzog AG (1993) A relationship between
particular reproductive endocrine disorders and
the laterality of epileptiformdischarges inwomen
withepilepsy. Neurology43:1907–1910

26. Kalinin VV, ZheleznovaEV (2007) Chronology and
evolutionof temporal lobeepilepsyandendocrine
reproductive function in females. Relationships
with foci laterality andcatameniality. Epilepsyand
Behavior11:185–191

27. Bilo L, Meo R, Valentino R, BuscainoGA, Striano S,
Nappi C (1991) Abnormal patterns of luteinizing
hormonepulsatility inwomenwithepilepsy. Fertil
Steril 55:705–711

28. Knobil E (1980) The neuroendocrine control of the
menstrual cycle. RecentProgHormRes36:53–80

29. Spratt DI, Finkelstein JS, Butler JP et al (1987)
Effects of increasing the frequency of low doses
of gonadotropin releasing hormone (GnRH) on
gonadotropin secretion in GnRH-deficientmen. J
ClinEndocrinolMetab64:1179

30. Zolovick AJ (1972) Effects of lesions and electrical
stimulation of the amygdala on hypothalamic-
hypophyseal regulation. In: Eleftheriou BE (Hrsg)
TheNeurobiologyof theAmygdala. PlenumPress,
NewYork,NY

31. Kaada B (1972) Stimulation and regional ablation
of the amygdaloid complex with reference to
functional representations. In: Eleftheriou BE
(Hrsg)TheNeurobiologyof theAmygdala. Plenum
Press,NewYork,NY

32. Dreifuss JJ, Murphy JT, Gloor P (1968) Contrasting
effects of two identified amygdaloid efferent
pathways on single hypothalamic neurons. J
Neurophysiol31:237–248

33. SilveiraDC, KleinP, Ransil BJ et al (2000) Lateralized
asymmetry in activation of hypothalamic neurons
with unilateral amygdaloid seizures. Epilepsia
41:34–41

34. Amado D, Cavalheiro EA, Bentivoglio M (1993)
Epilepsy and hormonal regulation: the patterns
of GnRH and galanin immunoreactivity in the
hypothalamus of epileptic female rats. Epilepsy
Res14:149–159

35. Friedman MN, Geula C, Holmes GL, Herzog AG
(2002) GnRH-immunoreactive fiber changes with
unilateralamygdala-kindledseizures. EpilepsyRes
52:73–77

36. Sanchez MA, Dominguez R (1995) Differential
effects ofunilateral lesions in themedial amygdala
on spontaneous and inducedovulation. Brain Res
Bull38:313–317

37. Gerendai I, Csaba Z, Voko Z, Csernus V (1995)
Involvement of a direct neural mechanism in the
control of gonadal functions. J Steroid Biochem
MolecBiol53:299–305

38. Gerendai I, Halasz B (1997) Neuroendocrine
asymmetry. FrontNeuroendocrinol18:354–381

39. Edwards HE, Burnham WM, Ng MM, Asa S,
MacLusky NJ (1999) Limbic seizures alter repro-
ductive function in the female rat. Epilepsia
40:1370–1377

40. HerzogAG (2007) Is there a lateralized asymmetry
in the sensitivity of the brain to hormones in
epilepsy? Epilepsy&ampBehavior11:157–159

41. Isojärvi JI, Taubøll E, Herzog AG (2005) Effects
of antiepileptic drugs on reproductive endocrine
function in individuals with epilepsy – a review.
CNS19:207–223

42. Herzog AG (1996) Polycystic ovarian syndrome in
womenwithepilepsy: epileptogenicoriatrogenic?
AnnNeurol39:559–560

43. HerzogAG(2015)Differential impactofantiepilep-
tic drugs on the effects of contraceptivemethods
on seizures: interim findings of the epilepsy birth

control registry. Seizure: Eur J Epilepsy. http://dx.
doi.org/10.1016/j.seizure.2015.02.011

44. Taneja N, Kucheria K, Jain S, Maheshwari MC
(1994) Effect of phenytoin on semen. Epilepsia
35:136–140

45. Stoffel-Wagner B, Bauer J, Flugel D et al (1998)
Serum sex hormones are altered in patients with
chronic temporal lobe epilepsy receiving anticon-
vulsantmedication. Epilepsia39:1164–1173

46. Christiansen P, Deigaard J, Lund M (1975)
Potens, fertilitet of konshormonudskillelse hos
yngre manglige epilepsilidend. Ugeskr Laeger
137:2402–2405

47. Fenwick PBC, Mercer C, Grant R et al (1986) Noc-
turnal penile tumescence and serum testosterone
levels. ArchSexBehav15:13–21

48. MacPheeJA, Larkin JG,ButlerE,GrahamHB,Brodie
MJ (1988) Circulating hormones and pituitary
responsiveness in young epileptic men receiving
long-term antiepileptic medication. Epilepsia
29:468–475

49. Toone BK, Wheeler M, Nanjee M et al (1983)
Sex hormones, sexual activity and plasma
anticonvulsant levels inmale epileptics. J Neurol,
NeurosurgPsychiat46:824–826

50. DuncanS,BlacklawJ,BeastallGH,BrodieMJ(1999)
Antiepileptic drug therapy and sexual function in
menwithepilepsy. Epilepsia40:197–204

51. Taylor DC (1969) Sexual behavior and temporal
lobeepilepsy. ArchNeurol21:510–516

52. Sapolsky RM (1985) Stress-induced suppression
of testicular function in the wild baboon: role of
glucocorticoids. Endocrinol116:2273–2278

53. Gallagher BB, Murvin A, Flanigin HF et al (1984)
Pituitaryandadrenal function inepilepticpatients.
Epilepsia25:683–689

54. Clarke D, Fearon U, Cunningham SK, McKenna TJ
(1996) The steroidogenic effects of b-endorphin
and joining peptide: a potential role in the
modulation of adrenal androgen production. J
Endocrinol151:301–307

55. van Goozen SHM, van den Ban E, Matthys W et
al (2000) Increased adrenal androgen functioning
in children with oppositional defiant disorder: a
comparisonwithpsychiatricandnormalcontrols. J
AmAcadChildAdolescPsychiatry39:1446–1451

56. Sapolsky RM, Krey LC (1988) Stress-induced sup-
pression of luteinizinghormone concentrations in
wild baboons: role of opiates. J Clin Endocrinol
Metab66:722–726

57. Jacobs AR, Edelheit PB, Coleman AE, Herzog AG
(1999) Late onset congenital adrenal hyperplasia:
a treatable cause of anxiety. Biol Psychiat
46:856–859

58. Murialdo G, Galimberti CA, Fonzi S et al (1995) Sex
hormones andpituitary function inmale epileptic
patientswithalteredornormal sexuality. Epilepsia
36:358–363

59. Feeney DM, Gullotta FP, Gilmore W (1998)
Hyposexualityproducedbytemporallobeepilepsy
in thecat. Epilepsia39:140–149

60. Edwards HE, McIntyre Burnham W, MacLusky
NJ (1999) Partial and generalized seizures affect
reproductive physiology differentially in themale
rat. Epilepsia40(11):1490–1498

61. Herzog AG, Russell V, Vaitukaitis JL, Geschwind N
(1982) Neuroendocrine dysfunction in temporal
lobeepilepsy. ArchNeurol39:133–135

62. Herzog AG, Drislane FW, Schomer DL et al
(1990) Abnormal pulsatile secretion of luteinizing
hormone in men with epilepsy: Relationship to
lateralization of epileptiform discharges. Neurol
40:1557–1561

262 Zeitschrift für Epileptologie 4 · 2015

http://dx.doi.org/10.1016/j.seizure.2015.02.011
http://dx.doi.org/10.1016/j.seizure.2015.02.011


63. QuiggM, Kiely JM, Shneker B et al (2002) Interictal
and postictal alterations of pulsatile secretion of
luteinizinghormone in temporal lobe epilepsy in
men. AnnNeurol51:559–566

64. SperlingMR, PritchardPB, Engel J, Daniel C, Sagel J
(1986) Prolactin in partial epilepsy: an indicator of
limbicseizures. AnnNeurol20:716–722

65. Bear DM, Fedio P (1977) Quantitative analysis of
interictal behavior in temporal lobe epilepsy. Arch
Neurol34:454–467

66. Daniele A, Azzoni A, Bizzi A et al (1997) Sexual
behavior and hemispheric laterality of the focus
in patients with temporal lobe epilepsy. Biol
Psychiatry42:617–624

67. Nordeen EJ, Yahr P (1982) Hemispheric asymme-
tries in the behavioral and hormonal effects of
sexuallydifferentiatingmammalianbrain. Science
218:391–393

68. Bauer J, Blumenthal S, Reuber M, Stoffel-Wagner
B (2004) Epilepsy syndrome, focus location, and
treatment choice affect testicular function inmen
withepilepsy. Neurology62:243–246

69. Bauer J, Stoffel-Wagner B, Flugel D, Kluge M,
Schramm J, Bidlingmaier F, Elger CE (2000) Serum
androgens return to normal after temporal lobe
epilepsysurgery inmen. Neurology55:820–824

70. Blumer D, Walker AE (1967) Sexual behavior in
temporal lobe epilepsy. A study of the effects
of temporal lobectomy on sexual behavior. Arch
Neurol16:37–43.702

71. HamedS,MohamedK, El-Taher A, HamedE, Omar
H (2006) The sexual and reproductive health in
menwithgeneralizedepilepsy: amultidisciplinary
evaluation. Int J ImpotRes18:287–295

72. WongM,MossR (1992) Long-termandshort-term
electrophysiological effects of estrogen on the
synaptic properties of hippocampal CA1 neurons.
JNeurosci12:3217–3225

73. Frye CA, Rhodes ME, Walf AA, Harney JP (2001)
Testosterone reducespentylenetetrazole-induced
ictal activity of wild type mice but not those
deficient in type I 5a-reductase. Brain Res
918:182–186

74. Sachedo R, Sathyan RR (2005) Amelioration of
erectile dysfunction following a switch from
carbamazepine to oxcarbazepine: recent clinical
experience. CurrMedResOpin21(7):1065–1068

75. Herzog AG, Klein P, Jacobs AR (1998) Testosterone
versus testosterone and testolactone in treating
reproductive and sexual dysfunction inmenwith
epilepsyandhypogonadism. Neurol50:782–784

76. Herzog AG, Farina EL, Drislane FW, Schomer
DL, Smithson SD, Fowler KM, Dworetzky BA,
Bromfield EB (2010) A comparison of anastrozole
and testosterone versus placeboand testosterone
treatment of sexual dysfunction in men with
epilepsy and hypogonadism. Epilepsy &amp
Behavior17:264–271

77. Nieoczym D, Soca K, Rundfeldt C, Wlaz P (2010)
PharmacologicalReports62:383–391

78. Riazi K, Roshanpour M, Rafiei-Tabatabaei N,
Homayoun H, Ebrahimi F, Dehpour AR (2006) The
proconvulsant effect of sildenafil in mice: role
of nitric oxide-cGMP pathway. Br J Pharmacol
147:935–943

79. Gilad R, Lampl Y, Eshel Y, Sadeh M (2002) Tonic-
clonic seizures in patients taking sildenafil. BMJ
325:869–869

80. Koussa S, Hage CS, Tohmé A, Riachi M (2006)
Epileptic seizures and vardenafil. Rev Neurol
162:651–652

81. Prostin VR (1991) Pediatric Package insert, Upjohn
(U.S.), rev2/90, rec9/91

Buchbesprechung

H.G. Loos

Herzberge
DieGeschichte des psychiatrischen
Krankenhauses Berlin-Herzberge von
1893bis 1993

Berlin-Brandenburg: bebrawissenschaft

2014, 256 S., (ISBN 978-3-95410-021-7),

geb., 30.00 EUR

In den letzten Jahren beschäftigt sich die

Psychiatriehistoriographie zunehmend
mit lokalen Aspekten.Diesem Trend folgt

auch das Buch vonHerbert G. Loos, das die

Geschichte des psychiatrischen Kranken-
hauses Berlin-Herzberge von seiner Grün-

dung im Jahre 1893 bis zur Fusionmit dem
heutigen Königin Elisabeth-Krankenhaus

Herzberge beleuchtet.Es reiht sich in die

ArbeitenvonSabineHanrathundWolfgang
Rose über die staatliche Anstaltspsychi-

atrie in Brandenburg nach demZweiten

Weltkrieg ein.Damit wird das Bemühen
deutlich, die Institutionsgeschichte einzel-

ner Krankenhäuser fortzuschreiben, um

gleichzeitig nach den Folgen der gesund-
heitspolitischen Entwicklungen für die

Anstaltspsychiatrie zu fragen.
Herbert Loos, der sich schon frühzeitig um

die historische Aufarbeitung der Psychia-

trie inderDDRverdientgemachthat, bringt
sowohl die fachspezifische als auchmedi-

zinhistorische Kompetenzmit.Als Facharzt

für Neurologie und Psychiatrie war er fast
30 Jahre an dieser Klinik tätig.Zudem ar-

beitet er seit über 30 Jahren übermedizin-
historische Themen.

Loos hat einen reichhaltigenQuellenfun-

dus aus Primär- und Sekundärquellen
zusammengetragen.Die detaillierte

Darstellung unddie Verwendung zahlrei-

cher Abbildungen aus allen Zeitperioden
sprechen den Leser an. Leider verzichtet

der Autor auf ein Namens- undOrtsregister
sowie auf ein Stichwortverzeichnis.Dies

hätte die gezielte Suche erleichtert und

Querverweise ermöglicht.Auch ein Litera-
turverzeichnis fehlt am Ende des Buches.

Loos gliedert sein Buch in fünf Abschnitte.

Der Leser erfährt zu Beginn etwas über
die Herausbildung von Irrenanstalten,

dann über die Entwicklung in Berlin bis
zur Eröffnungder Städtischen Irrenanstalt

Herzberge. In den folgendenAbschnit-

tenwird diewechselvolle Geschichte des
Krankenhauseswährendder Zeit des Ers-

tenWeltkriegs, derWeimarer Republik bis

zur Zeit des Nationalsozialismus dargelegt

undmit konkreten Beispielen aus dem
Klinikalltag unddemSchicksal einzelner

Protagonisten, auch Patienten verknüpft.
Damit wirdGeschichte lebendig vermit-

telt. Das letzte undumfangreichste Kapi-

tel beschäftigt sichmit demAufbaudes
Fachkrankenhauses für Neurologie und

Psychiatrie nach Kriegsende.Hier kann

LoosaufeigeneErfahrungenzurückgreifen.
Neben seiner langjährigen Tätigkeit in der

Klinik war er auch Vorsitzender einer Kom-
mission, die sich 1990mit der Frage nach

demMissbrauch in derOstberliner Psychi-

atrie beschäftigt hatte.Er blickt kritisch auf
das Verhältnis von Psychiatrie undMinis-

terium für Staatssicherheit imdamaligen

Ostberliner Fachkrankenhaus. Loos geht
zudem auf die Gesamtsituation der Psy-

chiatrie in der DDRund einige Entwicklun-
genwie die sozialpsychiatrische ein.Eine

Berücksichtigung der gerade in den letzten

Jahren dazu publizierten Erkenntnisse fehlt
weitgehendundhätte geholfen, den einen

oder anderenAspekt treffender einordnen

zu können.
Fazit: Das Buch kann allen in der Psychiatrie

Tätigen und an der Geschichte des Fachge-
bietes Interessierten sehr empfohlenwer-

den.

E. Kumbier (Rostock)
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