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SUMMARY

Objectives: To assess the effectiveness of the newer antiepileptic drugs (AEDs)—in

particular lamotrigine, topiramate, and levetiracetam—in controlling epileptic sei-

zures in pregnant women.

Methods: Analysis of data in the Australian Register of Antiepileptic Drugs in Preg-

nancy concerning seizure control in 1,534 pregnancies in women with AED-treated

epilepsies.

Results: In AEDmonotherapy (1,111 pregnancies), use of levetiracetam in pregnancies

in the Australian Register was associated with levels of seizure control similar to those

that applied for themajor older AEDs carbamazepine and valproate, but with levels of

seizure control superior to those associated with use of lamotrigine and topiramate.

Significance: Levetiracetam shows promise as a satisfactory drug for controlling sei-

zures in pregnancy.

KEYWORDS: Antiepileptic drugs, Pregnancy, Seizures, Lamotrigine, Levetiracetam,

Topiramate.

Since the 1990s, several additional antiepileptic drugs
(AEDs) have become available for clinical use. In general,
these newer drugs have proved to possess antiseizure effi-
cacy similar to the AEDs previously in common use clini-
cally, although they are perhaps not as effective as
carbamazepine in achieving seizure freedom for 6–12 and
24 months and have a greater risk of being withdrawn in
patients.1 However, the newer drugs possess certain advan-
tages attributable to their pharmacokinetic and adverse
effect profiles, and there is evidence that some may be better
tolerated overall.2,3 As time has passed since they became
available, these newer drugs have come into increasing clin-
ical use, including use in pregnant women, in whom the
newer agents have tended to supplant some of the older

long-established antiepileptic drugs.4–7 There has been a
good deal of interest in the teratogenic potential of these
newer agents,8–11 but rather less has been published con-
cerning their effectiveness in preventing epileptic seizures
during the course of pregnancy, a situation in which seizure
control is critically important.

The Australian Pregnancy Register (APR) was estab-
lished with the primary purpose of studying the fetal hazards
of exposure to AEDs in utero, but includes data on epileptic
seizure control during the pregnancies for which records are
contained in its database. An earlier analysis of this seizure-
related material showed that patients treated with lamotri-
gine, one of the more commonly prescribed newer AEDs in
pregnant women, was associated with poorer seizure control
than that associated with the older AED, valproate.12 Herein
we report the results of an analysis of the latest more exten-
sive data set from the APR, examining seizure control in
pregnant women treated with the newer generations AEDs.

Methods
The current findings are based on data regarding pregnant

women with epilepsy (WWE) collected in the APR for
pregnancies that began between mid-1998 and November
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2013. The great majority of the women involved took AEDs
throughout their pregnancy. However, some did not take
AEDs, at least during the early months of pregnancy, and a
smaller number took no AEDs throughout pregnancy.
Recruitment into the APR was nationwide, and involvement
in it was entirely at the discretion of the pregnant women
themselves after they had been made aware of the existence
of the Register by their treating medical practitioners,
nurses, or allied health professionals, or by other women
who knew about the Register. Contact with the Register was
by means of telephone interviews once women had agreed
to enroll their pregnancies. Relevant details of each post-
enrollment pregnancy were obtained from the recruited
pregnant women, usually in the first or second trimester,
again at 7 months of pregnancy, and then within the first
post-natal month, and finally, as far as possible, at the end of
the first postnatal year. Some pregnancies had not reached
this stage at the time of the present data analysis. The vari-
ous details were entered into a Microsoft Access database.
At each interview, as well as data concerning the fetus
involved and the woman’s health, details were recorded
concerning any type of epileptic seizure disorder present,
the occurrence of any type of epileptic seizure and of con-
vulsive seizures, and the AEDs and dosages prescribed. No
formal seizure diaries were kept, because it was considered
that attempting this would have proved an unacceptable bur-
den for the women involved, particularly when the main
concern of the Register was with fetal outcomes. Treating
medical practitioners were contacted to confirm details of
each pregnancy after it was enrolled, and the details of drug
therapy prescribed. No attempt was made to influence the
management of the pregnancy, which remained at the dis-
cretion of the treating medical practitioner. In the analysis
that follows, data were assessed for the occurrence of epi-
leptic seizures of any type and of convulsive seizures.

The APR database was housed first at St Vincent’s Hospi-
tal, Melbourne, subsequently at Monash University, Mel-
bourne, and is currently held at the Departments of
Medicine and Neurology, The Royal Melbourne Hospital,
The University ofMelbourne, and has been under the ethical
oversights of the Ethics Committees of the above institu-
tions. All participants provided written informed consent to
participate in the study before any interviews or data collec-
tion commenced.

Relevant data items were extracted from the database and
analyzed by linear regression and confidence interval tech-
niques, as appropriate. A distinction was made between the
outcomes of active and inactive pre-pregnancy epilepsy
because of the known different outlooks between the two
with respect to the occurrence of seizures in pregnancy.13,14

Active epilepsy indicated that seizures had occurred in the
pre-pregnancy year: Inactive epilepsy meant that the pre-
pregnancy year was seizure-free. In the present series, sei-
zures occurred during 79% of pregnancies in the “active
group” and in only 23% in the “inactive group,” with the

seizure occurrence rate in pregnancy falling to 17.5% when
there were five or more years of seizure freedom before
pregnancy.

Results
The population studied

Excluded from consideration were a small number of
pregnancies in the APR for which AEDs had been pre-
scribed for indications other than epileptic seizure disorders,
and also pregnancies that ended in spontaneous abortions.
There remained 1,682 pregnancies involving women with
epilepsy (partial-onset epilepsy, 48.6%; generalized-onset
epilepsy, 42.7%; and epilepsy of uncertain type 8.6%).
Where specialist neurologists were recorded as involved in
actual referral to the Register (in 49.4% of these 1,682 preg-
nancies), 52.3% were recorded as involving partial and
43.1% generalized epilepsies. Neurologists were also prob-
ably involved in classifying the epilepsies in many of the
remaining women. There had been no exposure to AEDs in
at least the first few months of pregnancy in 148 of the
1,682 pregnancies, and 1,534 pregnancies exposed to AEDs
throughout the whole of gestation. In 423 of the latter 1,534
pregnancies more than one AED was taken simultaneously
(i.e., AED drug polytherapy). At least in the first trimester,
AEDs had been used in monotherapy in the remaining
1,111. Details of the AEDs employed are shown in Table 1,
where the drugs are subdivided into older and newer agents.

Pattern of antiepileptic drug use and seizure occurrence
in pregnancy

Figure 1 shows the changing extents of use of the more
commonly employed older and newer AEDs during the
1998–2013 period. There was rapid growth in use of leveti-
racetam, and decline in use of carbamazepine and, to a les-
ser extent, valproate, with increasing and then relatively
stable use of lamotrigine.

Figure 2 shows linear regressions, which illustrate the
changing preponderance with time between the older and
the newer AEDs used in the pregnancies in the APR. In
1998 there was a 4:1 predominance of the older over the
newer AEDs, whereas by 2013 the predominance was
approaching 1:2 in favor of the newer drugs. Figure 2 also
shows linear regressions for the proportions of pregnancies
during which seizures occurred. In contrast to the statisti-
cally significant linear regressions for changing uses of
older and newer AEDs with time, the slopes of the regres-
sions for seizure occurrence on time did not change signifi-
cantly. Thus the progressive replacement of older by newer
AEDs was not associated with a statistically significant
change in the proportion of pregnancies in which seizures
occurred. However, some 35% of the pregnancies even in
2013 were still exposed only to the older AEDs. Assuming
that current usage trends continue, sufficient time may not
have passed to exclude a change in seizure occurrence rates
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with future increased use of the newer AEDs. Seizure con-
trol in relation to the older and the newer drugs, used in
monotherapy, was therefore examined more closely.
Because AED polytherapy sometimes involved both older
and newer drugs in combination, the data for AED polyther-
apy have not been considered further.

Older and newer AED treatment outcomes
Seizures of some type occurred during 55.4% of the 148

pregnancies not exposed to AED therapy in at least earlier
pregnancy, in 34.8% of the 655 treated with older AED
monotherapy, and in 48.3% of the 456 exposed to newer
AED monotherapy. The corresponding figures for convul-

sive seizure occurrences during pregnancy were 33.8%,
18.9%, and 28.7%.

Figure 1.

Changing patterns of use of the more major AEDs in the APR

between 1998 and 2013. Lamotrigine, black; levetiracetam, blue;

carbamazepine, red; valproate, green; topiramate, orange.

Epilepsia ILAE

Figure 2.

Regressions on time between 1998 and 2013 for total use (dotted

lines) of (1) older (blue) and (2) newer (red) AEDs and for use in

monotherapy (continuous lines), and for (3) rates of any seizure

occurrence during pregnancy (black continuous line) and convul-

sive seizure occurrence (green continuous line).The regression

equations involved were the following: Older AEDs (total): risk

(%) = 6,761�3.343 9 year; r2 = 0.95, d.f. 1,6; p ≤ 0.0001. Older

AEDs (monotherapy): risk (%) = 6,792�3.357 9 year; r2 = 0.82,

d.f. 1,6; p = 0.0019. Newer AEDs (total): risk (%) = �6,661

+ 3.343 9 year; r2 = 0.95, d.f. 1,6; p ≤ 0.0001. Newer AEDs

(monotherapy): risk (%) = �7,527 + 3.773 9 year; r2 = 0.90, d.f.

1,6; p = 0.0004. Any Seizures: risk (%) = 47.25�0.000055 9 year;

r2 = 0.006, d.f. 1,6; p = 0.86. Convulsive Seizures: risk (%) =
22.90�0.00200 9 year; r2 = 0.179, d.f. 1,6; p = 0.30.

Epilepsia ILAE

Table 1. AED use (absolute number and percentage of all AEDs used) inmonotherapy and inmonotherapy plus

polytherapy. Data are not provided for a few low usage drugs

AED

AEDmonotherapy

n = 1,111

All AED use

n = 1,534

Number % Number %

Older AEDS

Carbamazepine (CBZ) 341 30.7 497 32.4

Clonazepam (CZP) 17 1.5 96 6.3

Phenytoin (PHT) 41 3.7 71 4.6

Phenobarbitone (PB)/primidone (PMD) 4 0.0 13 0.8

Valproate (VPA) 244 22.0 413 26.9

Vigabatrin (VGT) 1 0.0 9 0.6

Other benzodiazepines 1 0.0 32 2.1

Newer AEDs

Gabapentin (GPT) 10 0.2 25 1.6

Lamotrigine (LTG) 304 27.4 532 34.7

Levetiracetam (LEV) 82 7.5 189 12.3

Tiagabine (TGB) 1 0.0 6 0.4

Topiramate (TPM) 42 3.8 124 8.1

Oxcarbazepine (OxCBZ) 17 1.5 24 1.6
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The data in Table 2 show statistically significant evi-
dence that overall, in relation to generalized and partial-
onset epilepsies, and also in relation to epilepsies inactive
prior to pregnancy, the newer AEDs were associated with
more women having seizures during pregnancy. The trend,
though not statistically significant, was in the same direction
in relation to pregnancies in which the epilepsy was active
in the pre-pregnancy year (in this latter subgroup, propor-
tions having seizures during pregnancy were already high).
Because the pattern of use of the older AEDs in the Austra-
lian medical community may have changed over the 15-year
existence of the Register, rates of seizure control were also
examined over the 2008–2013 period during which usage of
the newer drugs was relatively steady, except for levetirace-
tam, the use of which grew progressively (Fig. 1) Again,
seizure control appeared to have been better with use of the
older drugs overall.

Individual antiepileptic drugs in monotherapy and
seizure occurrence in pregnancy

Rates of seizure-affected pregnancies were compared
between the three most commonly employed of the newer
AEDs (lamotrigine, topiramate, levetiracetam), after it had
been noted that the seizure occurrence rate for levetiracetam
(31.7% for any seizure, 13.4% for convulsive seizures) was
generally similar to, and certainly no greater than, the over-
all rate for all older AEDs (34.8% and 18.9%, respectively;
Table 3). However, the rates of seizure-affected pregnancy
associated with lamotrigine and topiramate treatments were
significantly higher (by >50% and >30%, respectively) than
the rates for levetiracetam. It appears that lamotrigine and

topiramate were probably responsible for the poorer seizure
control rates associated with the newer AEDs as a class, and
that levetiracetam performed as well as the older AEDs in
controlling seizures.

The possibility that neglect of making AED dosage
adjustments during pregnancy may have played a part in the
poorer seizure control associated with lamotrigine and topi-
ramate relative to that of levetiracetam was investigated.
Between the initial interview during pregnancy and the
7-month interview, lamotrigine doses had been altered in
46.4% of the 304 pregnancies, the dose being increased in
44% by a mean of 151 mg/day from an initial mean dose of
283.5 mg/day in those whose dose had been adjusted. For
the 42 topiramate-treated pregnancies, the dose changed in
21.4% (increased in 19%), the mean increase being 65 mg/
day from an initial mean dose of 132.2 mg/day in those
whose dose was changed. Over the same interval, the leveti-
racetam dose was changed in only 15.9% of pregnancies
(increased in 11.0%), resulting in a decrease of 1 mg/day
from the mean initial dose of 1,575 mg/day. For compari-
son, the doses of the two main older drugs, carbamazepine
and valproate, had been changed in, respectively, 29.1%
(increased in 80.2% of these) and 29.6% (increased in
68.2%), with mean dosage increases of 139.7 mg/day on an
initial mean 627.1 mg/day, and of 136 mg/day on 944 mg/
day, in those with altered dosages. It seemed that attempted
adjusting of lamotrigine and topiramate doses had not been
neglected. Management of the genetic generalized epilep-
sies poses significant issues in relation to pregnancy because
of the known dose-related teratogenicity of valproate, which
is widely considered the most effective drug for managing

Table 2. Comparison of proportions of pregnancies during which seizures occurred in association with older and

newerAEDmonotherapy

Newer AEDs

n = 439 (%)

Older AEDs

n = 655 (%) OR 95%CI

Seizures during pregnancy – any 48.3 34.8 1.75* 1.37,2.24

Seizures during pregnancy – convulsive 28.7 18.9 1.72* 1.30,2.29

Generalized onset epilepsies 38.5 46.6 0.72* 0.56,0.92

Seizures during pregnancy – any 39.1 20.5 1.61* 1.08,2.34

Seizures during pregnancy – convulsive 27.2 17.1 1.82* 1.16,2.86

Partial onset epilepsies 52.4 43.7 1.39* 1.09,1.70

Seizures during pregnancy – any 55.2 44.1 1.57* 1.10,2.22

Seizures during pregnancy – convulsive 30.0 21.3 1.58* 1.06,2.36

Epilepsy active pre-pregnancy 44.4 33.0 1.35* 1.16,1.57

Seizures during pregnancy – any 76.9 72.7 1.35 0.95,1.18

Seizures during pregnancy – convulsive 30.3 24.8 1.22 0.89,1.68

Epilepsy inactive pre-pregnancy 59.5 64.5 0.91 0.83,1.00

Seizures during pregnancy – any 26.1 16.3 1.60* 1.19,2.15

Seizures during pregnancy – convulsive 10.3 5.8 1.78* 1.05,2.99

n = 185 n = 140

2008–2013 pregnancies
Seizures during pregnancy – any 40.5 28.6 1.70* 1.07,2.73

Seizures during pregnancy – convulsive 23.7 14.2 1.87* 1.05,3.35

In the bottom rows of the Table, similar comparisons are made for pregnancies that began in the 2008–2013 period, during which levetiracetam use was still
increasing but use of the other major agents was relatively static

*p < 0.05.
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this group of epilepsies. Therefore, the performance of lev-
etiracetam in relation to seizure control in pregnancy in
women with genetic generalized epilepsies was assessed.
Although the differences were not statistically significant,
pregnancies in women with genetic generalized epilepsies
exposed to levetiracetam monotherapy were less likely to
have experienced seizures than pregnancies of women with
genetic generalized epilepsies managed with all other AEDs
in monotherapy (all seizures 19.2% vs. 33.0%; odds ratio
[OR] 0.48; 95% confidence interval [CI] 0.13–1.31; convul-
sive seizures 7.7% vs. 21.4%; OR 0.31; 95% CI 0.09–1.30).
A relatively similar outcome, again tending to favor leveti-
racetam, applied when comparing rates of seizure-affected
pregnancies associated with levetiracetam and valproate (all
seizures 19.2% vs. 26.9% respectively: OR 0.65; 95% CI
0.28–1.01; convulsive seizures 7.7% vs. 16.1%; OR 0.43;
95% CI 0.10–1.93).

Discussion
At least since the publications of Knight and Rhind15 and

Schmidt et al.,16 there has been controversy as to whether
epileptic seizure control tends to worsen during pregnancy.
Several recent publications have taken up the matter again.
Pirie et al.17 concluded that seizures worsen in up to one
third of the pregnancies of women with epilepsy, and Rei-
singer et al.18 reported increased seizures in 38.4% of preg-
nancies. A number of authors, including us, have noted
that seizure disorders in pregnancy are more likely to wor-

sen if attacks have been present in pre-pregnancy 9 or
12 months.13,14,18,19 The overall experience in the study
reported herein has been in general conformity with the lit-
erature in this regard, but the main thrust of the study was to
compare the efficacies of the older and the newer AEDs
with regard to achieving seizure-free pregnancies.

The present study has certain limitations. There seems no
obvious explanation for the proportion of pregnancies in
women with generalized epilepsies appearing rather high,
but the proportion was similarly high when the diagnosis
was known to have been made by neurologists. The alloca-
tion of particular AEDs was not randomized, and there can
be no guarantee that the drugs were always taken as pre-
scribed or necessarily employed optimally, guided by
plasma AED concentration monitoring when that was avail-
able. Overall the newer drugs as a group, used in monothera-
py, appeared less successful than their predecessors in
keeping pregnant women with epilepsy free from seizures.
This conclusion applied to both genetic generalized and par-
tial epilepsies, and also for epilepsies inactive in the pre-
pregnancy year. It also applied, although not to a statisti-
cally significant extent, to pregnancies where the seizure
disorder was active in the pre-pregnancy year. The relative
failure of the newer drugs appeared related primarily to
lamotrigine and topiramate, whereas levetiracetam
performed as least as well as the older drugs in preventing
seizures during pregnancy, and also at least as well as val-
proate in preventing the seizures of patients with genetic
generalized epilepsies. In an earlier analysis of material

Table 3. Comparison between levetiracetam and various other AEDs it relation to rates of occurrence of seizure-

affected pregnancies

LEV, n = 82 (%) Comparator (%) OR 95%CI

All older AEDs (n = 655)

Seizures – any 31.7 34.8 0.87 0.53,1.42

Seizures – convulsive 13.4 18.9 0.68 0.35,1.31

Carbamazepine (n = 341)

Seizures – any 31.7 37.8 0.76 0.24,1.20

Seizures – convulsive 13.4 18.5 0.68 0.34,1.37

Valproate (n = 244)

Seizures – any 31.7 27.0 1.25 0.73,2.16

Seizures – convulsive 13.4 16.8 0.77 0.37,1.57

Phenytoin (n = 41)

Seizures – any 31.7 51.2 0.40* 0.20,0.95

Seizures – convulsive 13.4 31.7 0.33* 0.13,0.83

Other newer AEDs (n = 357)

Seizures – any 31.7 52.1 0.43* 0.26,0.71

Seizures – convulsive 13.4 32.2 0.33* 0.17,0.64

LTG (n = 304)

Seizures – any 31.7 51.3 0.44* 0.26,0.74

Seizures – convulsive 13.4 32.2 0.33* 0.17,0.64

TPM (n = 42)

Seizures– any 31.7 54.8 0.38* 0.18,0.82

Seizures – convulsive 13.4 33.3 0.31* 0.13,0.76

*p < 0.05.
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from the Australian pregnancy register13 it had been noted
that lamotrigine had not provided seizure control as effec-
tive as that of valproate, and Battino et al.20 had noted that
pregnancies medicated with lamotrigine were less likely to
be seizure-free than pregnancies treated with other AEDs.
Possibly in the present study lamotrigine doses were not
adjusted adequately to preserve plasma drug levels at their
pre-pregnancy values, although from the numbers of drug-
dosage alterations made, compared with those made for lev-
etiracetam, it seems likely that the clinicians who had man-
aged lamotrigine-treated epilepsy had increased dosages in
an attempt to compensate for the substantially increased
clearance of this drug in pregnancy. Sabers and Petrenaite21

have showed that close monitoring of circulating lamotri-
gine levels during pregnancy, with appropriate dose adjust-
ments, can produce a treatment failure rate similar to that
for other AED. No data appear to exist to explain the rela-
tively poor seizure controlling activity of topiramate found
in this study.

The main insight of importance to emerge from the pres-
ent study is that levetiracetam in the hands of Australian
medical practitioners who would have often lacked the abil-
ity to utilize monitoring of its plasma concentrations had
proved no less effective than the older AEDs in keeping
pregnant women with the major types of epilepsy seizure-
free. There is also published evidence that the drug has little
or no teratogenic potential, with a major congenital malfor-
mation rate of 0.7% in monotherapy in 304 pregnancies.22

Furthermore, it does not seem to have deleterious effects on
subsequent intellectual development in childhood.23 There-
fore, there are grounds for considering it among the agents
of first choice in women contemplating pregnancy, and to
be suitable for use in most circumstances in women who
have the potential for pregnancy, unless the type of seizure
disorder present, or other consideration, makes a different
agent clinically preferable.
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