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Abstract

In light of the increased awareness of the teratogenic risks with older-generation
antiseizure medications (ASMs) and the introduction of many new drugs, prospective
antiepileptic drugs and pregnancy registries were introduced some 25 years ago
by various independent research groups. The overall aim of these registries is to
compare different treatment alternatives with respect to the risk of major congenital
malformations (MCM) in the exposed offspring and thus facilitate rational, evidence-
based management of women with epilepsy and childbearing potential. The UK and
Ireland Epilepsy and Pregnancy Register, the North American AED Pregnancy Registry,
EURAP (The International Antiepileptic Drugs and Pregnancy Registry), the Raoul
Wallenberg Australian Pregnancy Register, and the Kerala Registry of Epilepsy and
Pregnancy are the most important registries established for assessment of specifically
the safety of ASMs. Since it is the largest, and being initially European based, EURAP is
the focus of this overview of the contribution of pregnancy registries over the years.
EURAP and the other registries have provided important information on pregnancy
outcomes with the most frequently used ASMs in monotherapy, thereby identifying
higher prevalence of MCMs with valproate and topiramate, whereas the risk appears
low with lamotrigine and levetiracetam. Further, for several ASMs the risk appears
to be dose-dependent. The registries continue to play an important role in efforts to
assess the safety of the newer ASMs and of specific combination therapies. Unlike
administrative population-based registries, these specific prospective ASM registries
also include important information on the mothers’ epilepsy and seizure control.
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Introduction

Out of 70 million persons with epilepsy
around the world, at least 15 million are
women of child-bearing age [1]. Based
on 130,000,000 annual live births globally
(www.indexmundi.com) and the assump-
tion that womenwith epilepsy account for
0.5% of these figures, it can be estimated
that approximately 650,000 children are
born to women with epilepsy every year.

Safe pregnancy for women with epilepsy
is thus not just a priority for the individ-
ual woman with epilepsy but also a major
public health issue.

The possibility that antiseizure med-
ications (ASMs) may be teratogenic has
been a concern ever since the first report
more than 50 years ago of six children
with hare-lip and cleft palate who had
been exposed to different ASMs during
pregnancy [2]. Many subsequent studies
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Fig. 18Worldmap showing countries that currently contribute to EURAPandcountries that have done so in the pastbut are
currently not active. (Createdwithmapchart.net, CC BY-SA 4.0; https://creativecommons.org/licenses/by-sa/4.0/)

have confirmed an increased prevalence
ofmajorcongenitalmalformations (MCMs)
in offspring of women with epilepsy and
that this is mainly related to exposure to
ASM rather than being associated with the
maternal epilepsy [3].

The fact that epilepsy is a serious con-
dition [4], and that most women with ac-
tive epilepsy need to maintain an effec-
tive treatment also during pregnancy, has
highlighted theneed to identify safer treat-
ment options for women with epilepsy
who are of childbearing potential. Studies
aiming to assess and compare pregnancy
outcomes in relation to exposure to dif-
ferent ASMs face many challenges: First,
since randomized studies of teratogenic
risks are unethical and not an option, we
are restricted to observational studieswith
inherent risks of confounding. Second,
teratogenic outcomes such as MCMs are,
fortunately, uncommon. A final challenge
is the number of treatment options with
more than 25 different ASMs available and
countless ASM combinations. In conclu-
sion, studies aimed at comparing the risk
of MCMs with different ASM treatments
require large cohorts with sufficiently de-
tailed and reliable data to control for pos-
sible confounding. To meet these require-

ments, and in the light of the introduction
of several new ASMs, independent groups
launched prospective antiepileptic drugs
and pregnancy registries in the late 1990s
[5].

Types of pregnancy registries

Most of these specific epilepsy and preg-
nancy registries have similar overall ob-
jectives, i.e., to assess the risk of MCMs
after prenatal exposure to ASMs. They
may differ in the way they enroll pregnant
women and in the follow-up time after de-
livery as well as regarding the definition
of MCMs; generally, however, women are
included in early pregnancy, before out-
come is known, and thereafter followed
up prospectively, and the offspring is as-
sessed at birth and during follow-up up
to 1 year of age [5].

Some registries, e.g., the International
Lamotrigine Pregnancy Registry and the
USLevetiracetamPregnancyRegistry, have
been set up by pharmaceutical compa-
nies and only collect data on the man-
ufacturers’ own product. Although these
registries can provide some useful infor-
mation, their value is severely limited by
the lack of a comparator ASM, and both of

the aforementioned registries were closed
after some years [6, 7].

Independent registries enrolling preg-
nancieswithexposuretoanyASM aremore
informative as they provide comparisons
of risks between different treatments.
The most important are the UK and Ire-
land Epilepsy and Pregnancy Register,
the North American AED Pregnancy Reg-
istry (NAAPR), EURAP (The International
Antiepileptic Drugs and Pregnancy Reg-
istry), the Raoul Wallenberg Australian
Pregnancy Register (APR), and the Kerala
Registry of Epilepsy and Pregnancy. As
indicated by their names, most of these
registries are nation- or region-based,
whereas EURAP enrolls pregnancies from
different countries in Europe and beyond.
EURAP also receives data on pregnancies
from APR and Kerala given the simi-
larities between these three registries.
Having enrolled more than 29,000 preg-
nancies with exposure to ASMs (www.
eurapinternational.org), EURAP is the
largest among these prospective ASM-
specific registries and represents the
focus of this overview. EURAP was es-
tablished in the first centers in some
European countries and has since then
gradually expanded to include more cen-
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Table 1 Prevalence (%) ofmajor congenitalmalformations (malformed/exposed)with exposure to different antiseizuremedications (ASM) in
monotherapya

ASM Prevalence

EURAP NAAPR UK Ireland Norway Nordic countries

Carbamazepine 5.5% (107/1957) 3.0% (31/1033) 2.6% (43/1657) 2.9% (20/685) 3.4% (90/2674)

Lamotrigine 2.9% (74/2514) 1.9% (31/1562) 2.3% (49/2098) 3.4% (28/833) 3.8% (314/8339)

Levetiracetam 2.8% (17/599) 2.4% (11/450) 0.7% (2/304) 1.7% (2/118) 2.9% (30/1040)

Oxcarbazepine 3.0% (10/333) 2.2% (4/182) – 1.8% (1/57) 4.4% (58/1313)

Phenobarbital 6.5% (19/294) 5.5% (11/199) – 7.4% (2/27) –

Phenytoin 6.4% (8/125) 2.9% (12/416) 3.7% (3/82) – –

Topiramate 3.9% (6/152) 4.2% (15/359) 4.3% (3/70) 4.2% (2/48) 6.3% (32/509)

Valproate 10.3% (142/1381) 9.3% (30/323) 6.7% (82/1220) 6.3% (21/333) 7.8% (159/2031)

EURAP The International Antiepileptic Drugs and Pregnancy Registry [12], NAAPR North American AED Pregnancy Registry [8], UK IrelandUK and Ireland
Epilepsy and Pregnancy Register [9, 10], Norway, based on health register data from Norway [13], Nordic countries, based on national health register data
from Denmark, Finland, Iceland, Norway, and Sweden including ASM exposure regardless of treatment indication (epilepsy or other; [14])
aData from three epilepsy and pregnancy registries and two national health registries

ters and countries, now involving more
than 40 countries in Europe, Asia, Ocea-
nia, Latin America, and Africa (. Fig. 1).
Women taking ASMs at the time of con-
ception, irrespective of the indication, may
be included, but so far the indication for
use of ASMs has been epilepsy in 99% of
the pregnancies. To avoid selection bias,
only pregnancies recorded before fetal
outcome is known and within week 16
of gestation are included in the prospec-
tive risk assessment. EURAP relies on
enrollment through regional and national
networks of collaborating physicians who
enroll and follow up the pregnant women.
These physicians submit regular reports
to the central registry in Milan, Italy, each
trimester and after delivery, as well as a fi-
nal report of the outcome of the offspring
at 1 year after birth.

Contribution of epilepsy and
pregnancy registries

Theepilepsyandpregnancy registrieshave
been operational for some 25 years and
have made major contributions to our un-
derstanding of the comparative safety of
different ASMs and of other related as-
pects. As alreadymentioned, the outcome
of primary interest in these registries is
MCMs, and the prevalence of MCMs af-
ter exposure to monotherapy of the eight
most frequently used ASMs has been pub-
lished [8–12]. The absolute risk in terms
of prevalence of MCMs with specific ASMs
may differ slightly between the registries
presumably mainly due to differences in

methodologies, but the overall pattern is
very similar across registrieswhen it comes
to comparisons between ASMs. Valproate
is consistently associated with the high-
est prevalence of MCMs, whereas lamot-
rigine, levetiracetam, and possibly oxcar-
bazepine are associated with the lowest
risks (. Table 1).

The registries have also shown that for
someASMs the riskofMCMs isdosedepen-
dent. TheEURAP registry reportedahigher
prevalence of MCMs with increasing doses
at the time of conception for valproate,
phenobarbital, carbamazepine, and lam-
otrigine [15]. In a subsequent publication,
EURAP provided comparisons of MCM risk
between different ASMs at different dose
levels to assist in the individual risk as-
sessments and evidence-based treatment
selection [12].

Being multinational, EURAP has the
opportunity to compare ASM use dur-
ing pregnancy between the participating
countries, and an early publication re-
vealed significant differences with regard
to proportion using polytherapy as well as
using first-generation ASMs [16]. Further-
more, changes in ASM selection over
time have been analyzed. Over a 14-
year period, the use of valproate and
carbamazepine during pregnancy de-
creased markedly whereas the proportion
of treatments with lamotrigine and leve-
tiracetam increased [17]. In parallel with
this shift in ASM use, the prevalence of
MCMs declined by approximately 25%,
indicating the benefits associated with the
use of these newer-generation ASMs [17].

Interestingly, there was no indication of
a higher rate of pregnancies with uncon-
trolled tonic–clonic seizures associated
with this change in drug selection. How-
ever, the impact on seizure control may
be different if switches or withdrawals
are carried out during pregnancy rather
than being completed well in advance of
conception. A EURAP analysis of preg-
nancies where valproate was withdrawn
or switched to another ASM during the
first trimester showed that, compared
with those who continued on valproate,
the risk of major convulsive seizures was
doubled (33% among withdrawals, 29%
among switchers, vs. 16% among those
with maintained use of valproate; [18]).

Most of the data from the pregnancy
registries are on ASM monotherapies. An
analysis of data from NAAPR, the UK Ire-
land Pregnancy Register, and the Inter-
national Lamotrigine Pregnancy Registry
demonstrated the importance of consid-
ering the type of ASMs included in poly-
therapy rather than just the number of
drugs [19]. It appeared from this analysis
that it was the inclusion of valproate in the
combination therapy that was driving the
higher prevalence of MCMs in polyther-
apy. The risk was much higher when car-
bamazepine or lamotrigine was combined
with valproate compared with a combina-
tion of lamotrigine and carbamazepine or
lamotrigine with any non-valproate ASM
[19]. Amore detailed analysis ofMCM risks
withvalproate inmonotherapyandincom-
bination with lamotrigine or with other
ASMswas carriedoutbasedonEURAP data
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[20]. Whether in monotherapy or combi-
nation therapy, the MCM risk increased
with the dose of valproate. Interestingly,
the prevalence of MCM when valproate at
the lowest dose category (<700mg/day)
was combined with lamotrigine (7.0%) or
with any other ASM (5.4%) appeared to
be lower thanwith valproate inmonother-
apy at a higher dose level (11% at doses
700–1500/day; and24%at>1500mg/day;
[20]).

EURAPandsomeother specificepilepsy
andpregnancy registriesprospectively col-
lect information on seizures during preg-
nancy. In a first report [21] of 1956 preg-
nanciesof 1882womenwithepilepsy, 58%
were seizure-free throughout pregnancy.
There were 36 cases of status epilepticus
(12 convulsive), which resulted in stillbirth
in one case, but no cases of miscarriage
or maternal mortality. A subsequent re-
port focused on 3806 pregnancies of 3451
women on ASM monotherapy for their
epilepsy [22]. Of all cases, 67% remained
seizure-free throughout pregnancy. Gen-
eralized tonic–clonic seizures occurred in
15%of thepregnancies. Womenwith idio-
pathic generalized epilepsies were more
likely to remain seizure-free (74%) than
women with localization-related epilepsy
(60%). There were 21 cases of status
epilepticus (10 convulsive): nonewith ma-
ternal mortality and only one with a sub-
sequent stillbirth.

Contribution of other types of
registries

In addition to registries such as EURAP
and NAAPR, which have been established
specifically for the purpose of assessing
the safety of different ASMs during preg-
nancy, generic administrative healthcare
registrieshavebeenutilized for similarpur-
poses. Different national health registers
from the Nordic countries include data on
births, filled prescriptions, and pregnancy
outcomes such as malformations in the
offspring, and they can be linked for the
purpose of assessing associations. The ad-
vantages of these registers are that they
are nationwide and population-based un-
like the specific epilepsy and pregnancy
registries that rely on voluntary enrolment
of pregnantwomen. They can also include
a comparison group of offspring of healthy

mothers and of untreated mothers with
epilepsy. Limitations, in comparison with
the epilepsy and pregnancy registries, in-
clude the lack of reliable information on
themothers’ epilepsy type, no information
on seizure control, less detailed informa-
tion on ASM doses during pregnancy, and
possibly also a less meticulous assessment
of the offspring.

Nevertheless, these national registries
have made important contributions over
the years, confirming the increased risk
of MCM with exposure to valproate [13,
23] and more recently also with topira-
mate ([14]; . Table 1). In general, the
absolute prevalence of MCMs by different
ASMs are somewhat lower in these stud-
ies compared with the specific epilepsy
registries. The fact that the latter include
selected patients, possibly with more se-
vere epilepsy and higher ASM doses, and
also with a higher vigilance and active
search for MCMs, could contribute to the
higher reported prevalence.

Limitations of epilepsy and
pregnancy registries

The outcome of primary interest in the
epilepsy and pregnancy registries is oc-
currence of MCM. Hence, they are not de-
signed to provide information on the long-
term neurodevelopment of the exposed
children. For such outcomes, smaller-
scale prospective observational studies
have been instrumental, demonstrat-
ing important dose-dependent adverse
effects of valproate exposure during preg-
nancy on child IQ [24, 25]. But in this
regard, the national health registries can
also have a role permitting long-term fol-
low-up of exposed children in the various
patient registers. Studies based on data
from Nordic registries have revealed an
increased risk of autism spectrum dis-
orders and intellectual disabilities with
exposure to valproate [26, 27] and also
with topiramate [27].

Practical conclusion

4 Forover 20years, independent antiepilep-
tic drugs and pregnancy registries have
greatly contributed to our understanding
of the safety of frequently usedASMs, pro-
viding data to facilitate the management
of epilepsy in pregnancy.

4 Although complementary information
can be obtained from population-based
national administrative registers, EURAP
and other antiepileptic drugs and preg-
nancy registries provide the best informa-
tionondrugdoses throughoutpregnancy,
the women’s types of epilepsy, and their
seizure control.

4 So far, the registries have provided mean-
ingful data only for the most frequently
used ASMs in monotherapy. Information
is still insufficient for many ASMs, espe-
cially on recently introduced ASMs and
those used in combinations.

4 These registries do not have an end date
for completion and closure. Many relevant
questions remain unanswered and more
will arise with new ASMs. It is thus impor-
tant that physicians continue to support
the registries by reporting pregnancies.
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Zusammenfassung

Bedeutung von Schwangerschaftsregistern für die Behandlung von
Frauen mit Epilepsie und Kinderwunsch: Betonung auf EURAP

Vor etwa 25 Jahren wurden erstmals von unterschiedlichen unabhängigen
Forschergruppen prospektive Schwangerschaftsregister eingeführt, da sich das
Bewusstsein für ein erhöhtes Fehlbildungsrisiko der älteren Antianfallsmedikamente
(AAM) erhöhte und zudem zahlreiche neue Medikamente auf den Markt kamen.
Das allgemeine Ziel der einzelnen Schwangerschaftsregister ist es, unterschiedliche
Behandlungsalternativen bei einem möglichen Risiko für große kongenitale
Fehlbildungen (MCM) bei Neugeboren von Müttern unter AAM zu vergleichen
und ein rationales evidenzbasiertes Management bei Frauen mit Epilepsie und
Kinderwunsch zu ermöglichen. Ausdrücklich für die Einschätzung der Sicherheit der
AAM sind die bedeutendsten Register das UK and Ireland Epilepsy and Pregnancy
Register, das North American AED Pregnancy Registry, EURAP (The International
Antiepileptic Drugs and Pregnancy Registry), das Raoul Wallenberg Australian
Pregnancy Register und das Kerala Registry of Epilepsy and Pregnancy. EURAP,
initial lediglich in Europa etabliert, ist mittlerweile das größte Register und bildet
den Fokus dieser Übersicht über Beiträge von Schwangerschaftsregistern über die
Jahre. EURAP und die anderen Schwangerschaftsregister lieferten bislang wichtige
Informationen zu Schwangerschaftsresultaten für die meisten verwendeten AAM in
Monotherapie. Es wurde eine höhere Prävalenz für MCM unter Valproat und Topiramat
beschrieben, während das Risiko unter Lamotrigin und Levetiracetam niedrig erscheint.
Darüber hinaus scheint das erhöhte Risiko einzelner AAM dosisabhängig zu sein. Die
Schwangerschaftsregister werden weiterhin eine wichtige Rolle bei den Bemühungen
spielen, die Sicherheit von neuen AAM und Kombinationen einschätzen zu können.
Im Gegensatz zu administrativen populationsbasierten Registern enthalten diese
spezifischen prospektiven AAM-Register auchwichtige Informationen übermütterliche
Epilepsien und die Anfallskontrolle.
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