
ORIGINAL COMMUNICATION

Generalized tonic–clonic seizures and antiepileptic drugs
during pregnancy—a matter of importance for the baby?

Markus Rauchenzauner • Margit Ehrensberger • Manuela Prieschl •

Klaus Kapelari • Melanie Bergmann • Gerald Walser • Sabrina Neururer •

Iris Unterberger • Gerhard Luef

Received: 29 June 2012 / Revised: 20 August 2012 / Accepted: 23 August 2012 / Published online: 7 September 2012

� Springer-Verlag 2012

Abstract This study investigates the impact of general-

ized tonic–clonic seizures (GTCS) and antiepileptic drugs

(AED) during pregnancy on gestational age (GA) and

anthropometric data of newborns. One hundred twenty-

nine singleton pregnancies resulting in live births from

September 1999 to October 2010 in 106 women with

epilepsy on AED therapy, recorded within the framework

of the EURAP (International Registry of Antiepileptic

Drugs and Pregnancy) program at the Department of

Neurology, Medical University Innsbruck, Austria, were

studied. Occurrence of C1 GTCS during pregnancy was

associated with a shorter GA [median (range) 37.5

[35.1–41.6] vs. 39.7 [29.1–46.3] weeks; p B 0.001], an

overall five times higher preterm risk (p = 0.042) and a

reduced birth weight in boys (2,900 [2,050–3,870] vs.

3,205 [1,575–4,355] g; p = 0.040). In primipara, when

compared to multipara, GTCS C1 significantly reduced the

GA (37.9 [35.1–41.6] vs. 39.7 [29.4–44.9] weeks;

p = 0.020) and raised the incidence of low birth weight

(LBW) (p = 0.022) in neonates. Antiepileptic drug poly-

therapy significantly increased the risk for small-for-

gestational-age regarding weight (SGAW; p = 0.035) and

regarding weight and/or length (SGAW/L; p = 0.046) when

compared to monotherapy. GTCS during pregnancy was

associated with diverse negative effects comprising shorter

GA, an increased incidence of prematurity and LBW in

primiparous women. Furthermore, AED polytherapy was

correlated with an enhanced risk for SGA delivery.

Re-evaluating the need for drug therapy (in particular

polytherapy), maintaining seizure control for a given per-

iod before pregnancy and counseling about the importance

of preventing GTCS might improve pregnancy outcome in

women with epilepsy.
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Introduction

While great efforts are currently made to determine and

compare the teratogenic potential of different antiepileptic

drugs (AEDs), few studies have addressed changes in seizure

control during pregnancy and the possible impact of mater-

nal seizures and AEDs on intrauterine fetal growth [1].

Previous reports concerning pregnancy outcome in

women with epilepsy (WWE) have been conflicting in

many aspects. On the one hand, seizures within 5 years of

pre-pregnancy have been linked to preterm birth [2], and

seizures during pregnancy (defined as hospitalization or

emergency treatment for epilepsy during pregnancy) have

been associated with prematurity, low birth-weight (LBW)

and small-for-gestational-age (SGA) [3]. On the other

hand, various studies failed to detect an effect of complex
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partial or generalized tonic–clonic seizures (GTCS) on

neonatal outcome [4, 5].

Epilepsy, regardless of AED exposure, has been

described as a risk factor for SGA [6] and WWE might be

at increased risk of premature [2, 7], low birthweight

(LBW) and SGA [7] deliveries per se. Some [6, 8], but not

all [9], authors reported an association between AED

exposure during pregnancy and low gestational age (GA)

and/or LBW. Anthropometric data of newborns from

WWE revealed reductions in mean birthweight (BW),

crown-heel length and/or head circumference (HC) [10–14]

whereas Phenobarbital (PB) and primidone (PRM) having

been reported to exhibit a dose-dependent negative effect

on both BW and HC in particular [15]. Furthermore, both

barbiturates and carbamazepine (CBZ) were associated

with low mean HC in newborns [16] and anthropometric

parameters were consistently reduced after CBZ-exposure

[14]. Antiepileptic drug polytherapy during pregnancy is

generally agreed to increase the risk of prematurity, LBW

and small HC [6] whereas the exposure to folate-antago-

nistic AEDs [e.g., CBZ, PB, PHE, PRM and valproate

(VPA)] might enhance the risk of SGA delivery in a dose-

dependent manner [17].

Since on the one hand, data concerning maternal epi-

lepsy and fetal growth are sparse and somewhat conflicting

and, on the other hand, LBW and smallness for gestational

age seem to be risk factors far beyond neonatal morbidity

and mortality [18–21], the aim of this study was to evaluate

the impact of GTCS and AED therapy during pregnancy on

gestational age and anthropometric data of newborns.

Materials and methods

Data from September 1999 to April 2011, recorded pro-

spectively as part of the EURAP (International Registry of

Antiepileptic Drugs and Pregnancy) program at the Medi-

cal University Innsbruck, Austria, were evaluated and

WWE taking AEDs at time of conception were eligible.

All pregnancies in WWE exposed to the same

AED(s) throughout gestation, resulting in live singleton

births were included in this study. Demographic data,

family history of malformations, drug therapy, seizures,

smoking habits and alcohol intake were recorded upon

enrollment and once each trimester in a standardized

manner. Data on birth outcome, reasons for hospitaliza-

tions of the infant and any malformation detected were

obtained after delivery and 1 year thereafter. Furthermore,

maternal age at delivery, number of previous births,

occurrence and number of GTCS as well as AEDs during

pregnancy, GA (weeks), BW (g), LBW (\2,500 g), crown-

heel length (CHL) (cm), occipitofrontal HC (cm), SGA

(B2SD) were registered. Epilepsy was classified according

to the International League against Epilepsy proposal of

1989 [22].

Statistics

Data were categorized as prematurity (\37 weeks of

gestation) or term delivery (37–41 weeks of gestation) or

post-term delivery ([41 weeks of gestation), as nullipa-

rous or parous, as 0 or C1 GTCS during pregnancy and

grouped according to AED treatment at the time of

conception (mono- or polytherapy; use or not of folate-

antagonistic AEDs [17, 23]. Furthermore, dose ranges of

VPA, CBZ or lamotrigine (LTG) were defined in line

with a recent study by the EURAP workgroup [24].

Results are expressed as percentage (absolute number) or

median (range). Normal distribution of the data was

assessed using the Kolmogorov–Smirnov test. Since

some variables were not normally distributed, the non-

parametric Mann–Whitney test and Kruskal–Wallis test

were used for statistical analyses with continuous vari-

ables. For dichotomous variables, the Chi-square test,

Freeman-Halton extension of the Fisher’s exact test or

Fisher’s exact test, as appropriate, was used. Two-sided

p values \0.05 were considered statistically significant.

Odds ratios (OR) were calculated with 95 % confidence

intervals (CI). The analyses were performed with SPSS

Student Version 15.0 for Windows (SPSS Inc., Chicago,

IL, USA).

Fig. 1 Gestational age in WWE with C1 GTCS vs. no GTCS
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Results

Two hundred and forty eight pregnancies from September

1999 to October 2010 were registered and assessed for

eligibility. Thereof, in total 41 (16.5 %) were lost to follow

up and 57 (23.0 %) were still missing birth outcome. Since

21 (8.5 %) patients had to be excluded from analysis due to

intrauterine death (n = 1), perinatal death (n = 1), con-

genital malformation (n = 4); incomplete data (n = 4),

additional maternal diseases (n = 8) and changes in AED

treatment (n = 3), 129 singleton pregnancies in 106 WWE

remained for data analysis (please see Table 1 for newborn

characteristics).

Overall, fourteen (10.9 %) women suffered C1 GTCS

during pregnancy. In case of C1 GTCS during pregnancy,

GA was significantly shorter [37.5 (35.1–41.6) vs. 39.7

(29.4–46.3) weeks; p B 0.001 (Fig. 1)] and the risk of

preterm birth was greater (p = 0.042, OR 5.35; 95 % CI

1.37–20.93) when compared to WWE with no GTCS

during pregnancy (Table 2). Sex-specific analyses revealed

a shorter GA [38.4 (36.0–41.6) vs. 39.6 (29.4–46.3) weeks;

p = 0.025] and a lower birth weight in male neonates

[2,900 (2,050–3,870) vs. 3,205 (1,575–4,355) g; p =

0.040] as well as a shorter GA [37.3 (35.1–38.6) vs. 39.9

(36.1–44.9) weeks; p = 0.002] and a greater risk of pre-

term birth (p = 0.030, OR 18.33; 95 % CI 1.88–178.98) in

female neonates exposed in utero to C1 maternal GTCS

when compared to seizure free controls. Furthermore, a

shorter GA [37.9 (35.1–41.6) vs. 39.7 (29.4–44.9) weeks;

p = 0.020) as well as a greater incidence of LBW

(p = 0.022, OR 9.75; 95 % CI 1.69–56.2) was seen in

offsprings of primiparas with C1 GTCS during pregnancy

when compared to multiparas. No variable as a potential

confounding factor (e.g., smoking, age, mono- or poly-

therapy or number of pregnancies) on GTCS frequency as

well as no association between birth outcome and the tri-

mester of GTCS could be demonstrated.

Ten (9.3 %) WWE on monotherapy suffered C1 GTCS

vs. four (18.2 %) on polytherapy (p = 0.258). AED poly-

therapy was associated with a greater frequency of SGAW

(p = 0.035) and SGAW/L (p = 0.046) when compared to

WWE treated with one single AED (Table 3). Median dose

of VPA, CBZ or LTG as part of AED polytherapy was

significantly greater when compared to monotherapy in all

groups, i.e., VPA 1,500 mg (600–2,000) vs. 800 mg

(150–2,000) (p \ 0.05), CBZ 1,200 mg (150–2,000) vs.

600 mg (300–1,200) (p B 0.001) and LTG 200 mg 300

(150–600) vs. (25–400) (p \ 0.01). No significant differ-

ences between AEDs or various dose ranges as well as

between women on folate-antagonistic AEDs (VPA, CBZ,

PRM and/or PHE) compared to women on other AEDs

with regard to birth outcome could be demonstrated.

Discussion

The most important findings of this study are the associa-

tion of GTCS during pregnancy with higher rates of pre-

maturity and LBW as well as AED polytherapy with SGA

Table 1 Newborn characteristics (n = 129)

Gender (male) 67 (51.9)

GA (weeks) 39.4 (29.4–46.3)

Maturity

Pre-term 12 (9.3)

Term 112 (86.8)

Post-term 5 (3.9)

SGAW 5 (3.9)

SGAW/L 13 (10.1)

SGAL 10 (7.8)

Male infants

BW (g) 3,150 (1,575–4,355)

CHL (cm) 50.0 (41.0–58.0)

HC (cm) 35.0 (29.0–37.0)

Female infants

BW (g) 3,155 (1,800–4,380)

CHL (cm) 50.0 (44.0–56.0)

HC (cm) 34.0 (32.0–36.5)

Values are median (range) or absolute numbers (percentage)

GA gestational age, SGAW small for gestational age regarding weight,

SGAW/L SGA regarding weight and/or length, HC head circumfer-

ence, SGAL SGA regarding lenght, BW birthweight, CHL crown-heel

length

Table 2 Neonatal outcome and GTCS

C1 GTCS

(n = 14)

No GTCS

(n = 115)

P value

Maternal age

(years)

28.0 (17.0–42.0) 29.0 (15.0–40.0) [0.05

Primiparous 8 (57.1) 69 (60.0) [0.05

Smoker 3 (21.4) 15 (13.0) [0.05

GA (weeks) 37.5 (35.1–41.6) 39.7 (29.4–46.3) B0.001

Pre-term 4 (28.6) 8 (7.0) 0.042

Term 10 (71.4) 102 (88.7) 0.042

Post-term 0 (0.0) 5 (4.3) 0.042

LBW 3 (21.4) 8 (7.0) [0.05

SGAW 1 (7.1) 4 (3.5) [0.05

SGAW/L 1 (7.1) 12 (10.4) [0.05

SGAL 0 (0.0) 10 (8.7) [0.05

Values are median (range) or absolute numbers (percentage); GTCS,

generalized tonic–clonic seizures

GA gestational age, SGAW small for gestational age regarding weight,

SGAW/L SGA regarding weight and/or length, SGAL SGA regarding

length, BW birthweight, LBW low birthweight
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delivery possibly leading to an increased risk of adverse

birth outcome and a greater need of intensive neonatal care.

Convulsive seizures during pregnancy have been asso-

ciated with fetal hypoxia [25], heart rate deceleration [26],

periventricular hemorrhage, fetal demise and premature

birth [27]. Hypothetically, premature delivery after sei-

zures might be mediated by ruptured fetal membranes as a

consequence of trauma, increasing both the risk of infec-

tion and prematurity [3]. The results of the present study

reveal the association of GTCS during pregnancy with

prematurity and LBW underlining the importance of pre-

venting seizures (especially GTCS) in WWE. From a

clinical point of view, one conceivable strategy is to focus

on seizure freedom for a given period before any planned

pregnancy [3]. This is backed up by Vajda and co-workers

[28] who found a substantially reduced risk of seizures

during pregnancy in WWE being seizure free 1 year

before. To us and according to previous reports, attempts to

address and resolve any sleeping difficulties as well as a

comprehensive patient education in order to reduce non-

compliance rates might also reduce seizure frequency [3].

However, premature delivery due to convulsions has to be

weighed carefully against the increased risk of malforma-

tion due to higher AED doses [29, 30].

As a general consensus and in view of considerable

pharmacokinetic changes during pregnancy, close moni-

toring of AED plasma levels has been recommended [31].

Preferably, two pre-pregnancy values during optimal sei-

zure control should be obtained as a reference and plasma

levels have to be measured at least once each trimester

thereafter. Close monitoring is advisable in difficult-to-

treat epilepsies, known sensitivity to minor dose alterations

and treatment with LTG or oxcarbazepine (OXC) [31]. As

witnessed by Viinikainen and co-workers, no association

between low plasma concentrations and an increase in

seizure frequency could be demonstrated in WWE. Fur-

thermore, a recent analysis of the EURAP workgroup

found higher risks of malformation with greater doses of

CBZ, LTG, VPA and PB [24]. Bearing this in mind, one

could argue against adaptation of AED doses pre-emp-

tively solely based on plasma levels without increasing

seizure frequency. In the present study, when compared to

the EURAP dataset, the overwhelming majority of WWE

treated with VPA-, CBZ- or LTG monotherapy were in the

lower dose ranges with comparable seizure-free rates [24].

In a large community-based, prospective and controlled

study of obstetric and neonatal outcome [9], a higher SGA

(\10th centile) rate in women with active epilepsy on AED

treatment was seen whereas WWE without AEDs showed

similar birth outcomes when compared to controls. In

contrast, higher SGA rates in both AED-exposed and

unexposed epilepsy pregnancies as well as a strong asso-

ciation between the use of anticonvulsive medication and

small HC, LBW, and prematurity were found by Veiby

et al. [6] only recently.

In the present study and in line with previous data, more

infants exposed in utero to polytherapy were born SGA

when compared to monotherapy (Table 3) and 3.9 % of all

newborns were \-2SD with respect to BW [14]. Inter-

estingly, the number of GTCS during pregnancy did not

differ significantly between WWE undergoing AED poly-

therapy and WWE treated with AED monotherapy in this

study but dosages of VPA-, CBZ- and LTG used as part of

a polytherapy regimen were significantly greater in com-

parison to the respective monotherapy. No significant

association between folate-antagonistic AEDs and SGA

rates was found. Whether intrauterine growth is impaired

by AED toxicity or by severity of epilepsy per se cannot be

evaluated to date but the enhanced risk of SGA delivery

warrants more vigilant monitoring of intrauterine growth in

WWE on AED polytherapy.

The main limitation of the current study is the small

sample size precluding conclusions concerning indepen-

dent effects of seizures, detection of associations between

specific AEDs or AED dose ranges and gestational length

or fetal growth. Furthermore, adjustment for parental size

or maternal weight gain during pregnancy [32] was not

possible.

In conclusion, GTCS and AED polytherapy seem to be

risk factors for preterm and SGA delivery, respectively.

Re-evaluating the need for drug therapy (in particular

polytherapy), maintaining seizure control for a given

Table 3 Neonatal outcome and AEDs

Polytherapy

(n = 22)

Monotherapy

(n = 107)

P Value

Maternal age

(years)

30.5 (22.0–40.0) 28.0 (15.0–42.0) [0.05

Primiparous 13 (59.1) 64 (59.8) [0.05

Smoker 5 (22.7) 13 (12.1) [0.05

C1 GTCS 4 (18.2) 10 (9.3) [0.05

GA (weeks) 38.9 (35.1–41.7) 39.4 (29.4–46.3) [0.05

Pre-term 2 (9.1) 10 (9.3) [0.05

Term 20 (90.9) 92 (86.0) [0.05

Post-term 0 (0.0) 5 (4.7) [0.05

LBW 4 (18.2) 7 (6.5) [0.05

SGAW 3 (13.6) 2 (1.9) 0.035

SGAW/L 5 (22.7) 8 (7.5) 0.046

SGAL 4 (18.2) 6 (5.6) 0.067

Values are median (range) or absolute numbers (percentage)GTCS
generalized tonic–clonic seizures

GA gestational age, SGAW small for gestational age regarding weight,

SGAW/L SGA regarding weight and/or length, SGAL SGA regarding

length, BW birthweight, LBW low birthweight
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period before a planned pregnancy and counseling about

the importance of preventing GTCS might improve preg-

nancy outcome in women with active epilepsy.
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