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A B S T R A C T   

Following recent European Medication Agency restrictions on valproate (VPA) use in girls and women of 
childbearing potential (WOCP), the Commission on Epilepsy and Gender of the Italian League against Epilepsy 
integrated current literature and legislative data in order to provide clinicians with guidance on antiseizure 
medication (ASM) prescription for Idiopathic Generalized Epilepsies (IGEs) in this population, avoiding VPA. We 
reviewed the updated literature on ASMs and examined the teratogenicity of those showing efficacy in IGEs. For 
all relevant ASMs, we considered the indications for use and the pregnancy and contraception-related recom
mendations given in the Italian Summary of Product Characteristics (SmPC) and on the websites of the European 
Medicines Agency (EMA) and other European Union (EU) countries’ regulatory agencies. With the exception of 
absence seizures, the literature lacks high quality studies on ASMs in IGEs. In girls and WOCP, levetiracetam and 
lamotrigine should be considered the first-choice drugs in Generalized Tonic-Clonic Seizures Alone and in Ju
venile Myoclonic Epilepsy, lamotrigine in Juvenile Absence Epilepsy, and ethosuximide in Childhood Absence 
Epilepsy. Although supported by the literature, several ASMs are off label, contraindicated or burdened by 
special warnings in pregnancy. Some discrepancies emerged between the various SmPC warnings for different 
brands of the same active principle. We provided a therapeutic algorithm for each IGE syndrome and highlighted 
the need for revised prescription rules, consistent with the latest literature data, uniformity of SmPC warnings for 
the same active principle, and more data on the efficacy of new ASMs in IGEs and their safety in pregnancy.   
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1. Introduction 

Valproic acid (VPA) is a recognized first-line agent for both focal and 
generalized seizures. Regrettably, as shown by comparisons with un
exposed controls and children exposed to other antiseizure medications 
(ASMs), intrauterine exposure to VPA carries a 2- to 7-fold increased risk 
of major congenital malformations (MCMs) [1–3], with an average 
dose-dependent prevalence of approximately 10% [2,4]. It has also been 
associated with poorer cognitive development [5–8] and with signifi
cantly increased rates of autistic traits and autism [7,8]. These findings 
have led the European Medicines Agency (EMA) to impose tight re
strictions on VPA use in girls and women of childbearing potential 
(WOCP). Currently, VPA is formally contraindicated in girls and WOCP 
in whom other treatments are unsuitable. This also applies in pregnancy. 
Eligible girls and WOCP must also be following a specific pregnancy 
prevention program [9]. 

In contrast with focal epilepsies, for which several alternative ASMs 
are available, suitable options for the treatment of idiopathic general
ized epilepsy (IGE) are limited. Consequently, the need to avoid VPA 
makes the management of these patients even more problematic 
[10–12]. 

The aims of this study, led by the Epilepsy and Gender Commission of 
the Italian League Against Epilepsy (Lega Italiana Contro l’Epilessia - 
LICE), are to review the current evidence on the efficacy and teratoge
nicity of the alternative ASMs, together with current Italian legislation 
on their prescription, and to offer guidance on treatment with ASMs, 
avoiding VPA, for girls and WOCP with IGE. 

2. Material and methods 

2.1. Literature searches 

The PubMed, Embase and Cochrane electronic databases up to 
February 2020 were searched for literature published in English. Rele
vant references were retrieved. Efficacy data were sought and consid
ered separately for the four well-established IGE syndromes [13] and for 
all generalized seizure types. With regard to tonic-clonic seizures (TCSs), 
we considered only studies that focused on generalized tonic-clonic 
seizures (GTCSs) or ones with mixed populations in which data on 
GTCSs were clearly distinct from those on focal to bilateral TCSs. 
Whenever the latest update of the International League Against Epilepsy 
(ILAE) evidence review, published in 2013 [10], was found to have 
attributed an A or B level of evidence to one or more ASMs in any IGE 
syndrome or seizure type, further studies on those ASMs were consid
ered only if they had been published after this review. Otherwise, we 
reviewed all relevant studies. To analyze teratogenicity, all and only the 
relevant ASMs, listed in alphabetical order in the results, were consid
ered. In this case, we sought to identify and include all systematic re
views, as well as all studies of any kind published after the most recent 
systematic reviews [3,8]. Relevant references were retrieved. Confer
ence proceedings were not included. The terms of the literature searches 

are reported in Table 1. The Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines were followed (Sup
plement 1) [14]. 

2.2. Survey on prescription rules 

For each relevant ASM, we reviewed the Summary of Product 
Characteristics (SmPC) issued by the Italian Drug Agency (Agenzia 
Italiana del Farmaco, AIFA), considering the formal therapeutic in
dications and contraindications, the specific recommendations con
cerning use of the drug in pregnancy, and any contraception issues, 
including both clinically significant interactions with hormonal con
traceptives and specific recommendations on the need for pregnancy 
prevention [15]. In the event of discrepancies between different brands 
of the same active principle, we referred to the SmPC of the originator 
drug. 

In analyzing the rules on ASM prescription, we also considered those 
regulating the off-label prescription and reimbursement, under the 
terms of Italian law 648/1996, of drugs already authorized for other 
indications, provided such prescription is supported by national and 
international medical-scientific research and a prior favorable opinion 
has been issued by the AIFA technical-scientific board. Notifications of 
drugs that may be prescribed under this regimen are periodically pub
lished in the Official Italian Government Journal (Gazzetta Ufficiale della 
Repubblica Italiana), and these drugs are subject to a special pharmaco
vigilance program [16]. 

We also looked for possible differences between the Italian SmPCs 
and those available on the websites of other European Union (EU) 
countries’ regulatory agencies: EMA [17]– the EMA National Registers 
[18] and, for United Kingdom (UK), the Home-Electronic Medicines 
Compendium [19] of the British Medicines and Healthcare Products 
Regulatory Agency (MHRA) [20]. 

2.3. Design of prescription algorithms 

After acquiring the above-mentioned information, BM, FR, LG, AL 
and CG designed ad hoc prescription algorithms for each IGE syndrome. 
This was done using a hierarchical approach: they included only ASMs 
with efficacy data for the given syndrome (or seizure types character
izing the syndrome); these drugs were then given an order of preference 
according to their degree of safety in pregnancy. In particular, we sug
gested an initial treatment, which should be considered as the first 
choice. A second line, in the event of failure of the first line, was also 
proposed. Under the caption “Other treatment options” we listed, in 
alphabetical order, all the drugs that have proved effective in that syn
drome, and should be carefully considered only after failure or unsuit
ability of the second line. When necessary, agreement was reached after 
discussion. The algorithms were designed in the course of five virtual 
meetings, held between April 22 and June 1 2020, and they were then 
further discussed and approved by all the authors. 

3. Results 

3.1. Efficacy data 

3.1.1. Childhood Absence Epilepsy (CAE) and Juvenile Absence Epilepsy 
(JAE) 

According to the 2013 ILAE evidence review, ethosuximide (ESM) 
and VPA show established efficacy (level of evidence A) and lamotrigine 
(LTG) possible efficacy (level of evidence C) in absence seizures (ASs) 
[10]. These findings are based on a Class I study in which 446 out of 453 
initially enrolled children were randomized to treatment with ESM 
(n = 156), VPA (n = 148) or LTG (n = 149). Freedom from failure rates 
at 16-20 weeks were similar for ESM and VPA (53% and 58%), and in 
both cases higher than for LTG (29%). Attention disturbances were 
significantly more common with VPA than with ESM [21]. These results 

Table 1 
Terms of the literature searches  

Topic Search terms 

Efficacy Each specific drug name or “treatment” or “therapy” AND any of 
these terms: “idiopathic generalized epilepsy”, “genetic 
generalized epilepsy”, “childhood absence epilepsy”, “juvenile 
absence epilepsy”, “juvenile myoclonic epilepsy”, “primary 
generalized tonic-clonic seizures epilepsy”, “absence seizures”, 
“myoclonic seizures”, “primary generalized tonic-clonic 
seizures”, generalized tonic-clonic seizures”. 

Adverse foetal 
effects 

Each specific drug name AND any of these terms: malformation*; 
abnormalit*; defect*; anomal*, terato*; embryo*; fetus; foetus; 
fetal; foetal; feto*; foeto*; offspring; pregnancy; utero; 
intrauterine; infant; prenatal; cognitive development; 
neurodevelopment; development; IQ  
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were confirmed at 12-month follow-up with freedom from failure rates 
of 45%, 44% and 21% for ESM, VPA and LTG, respectively [22]. 

A Cochrane review [23] based its conclusions mainly on the findings 
of the study just cited [22], as the other available ones presented limi
tations (poor methodological quality or small sample sizes). The authors 
concluded that ESM is the optimal drug for initial empirical mono
therapy in children and adolescents with ASs. However, when GTCSs are 
present, VPA should be preferred, as ESM is probably ineffective on 
seizures of this type [23]. 

A few open-label studies on levetiracetam (LEV) showed modest to 
good efficacy in CAE and JAE [24,25]. In a retrospective study of 72 
patients with new-onset absence epilepsies, the responder rate was 25% 
[26]. Of note, one observational study reported aggravation of ASs by 
LEV [27]. 

In an observational study of 13 patients with drug-resistant JAE 
treated with zonisamide (ZNS) (average follow-up 34 months), seizures 
were reduced by >75% in three (23%) and by 50%-75% in five (38.5%) 
cases. Seizure freedom was achieved in five patients (38.5%) (two of 
these also had GTCSs) [28]. 

A multicenter phase III double-blind study of perampanel (PER) in 
IGE failed to demonstrate any efficacy of the drug in CAE or JAE, 
probably due to the small sample size [29]. The GENERAL study eval
uated, in a real-world setting, the efficacy of PER as add-on therapy in 
different IGEs. Among 37 of the patients (10 CAE, 21 JAE, 6 adult-onset 
absences), 48.4% were free from ASs and 51.4% were free from all types 
of seizure after 12 months [30]. 

In a retrospective study on the use of brivaracetam (BRV) in IGE, 7 
out of 19 patients with ASs were responders (with 5 achieving total 
freedom from seizures). However, none of the three patients with CAE 
responded to the treatment [31]. 

Albeit studied in few observational clinical trials [32,33], both prior 
to the ILAE review, expert panel opinions suggest that topiramate (TPM) 
should be considered in drug-resistant absence epilepsy [11,34]. 

Although no trials are available for clobazam (CLB) and clonazepam 
(CZP) in CAE and JAE, these drugs should be considered as possible add- 
on treatments in treatment-resistant absences, according to several 
expert opinions [11,34,35]. 

3.1.2. Juvenile Myoclonic Epilepsy (JME) 
Due to the lack of double-blind randomized controlled trial (RCT) 

studies, no ASM was assigned an A or B level of evidence for the treat
ment of JME in the ILAE review. However, VPA was identified as the 
drug of choice for this condition, except in women of childbearing age 
[22]. Individuals with JME accounted for a quarter of those with IGE in 
the SANAD study, which demonstrated superior effectiveness of VPA 
compared with LTG and TPM in IGE overall [36]. The effectiveness of 
VPA in JME was confirmed in the more recent EpiPGX Consortium 
report based on a retrospective analysis of 305 JME patients undergoing 
688 ASM trials with VPA, LTG, LEV, carbamazepine (CBZ) and TPM. 
VPA had the best response rate (42.7%), however the difference versus 
LEV (response rate 37.1%) was not significant [37]. Although the most 
appropriate VPA dose has not been definitively established, two studies 
support low doses of VPA (500-1000 mg/day) for initial treatment of 
JME [38,39]. 

Prior to the availability of VPA, phenobarbital (PB) and primidone 
(PRM) were commonly used in JME, showing efficacy in up to 86% of 
patients in real-life experiences [40,41], however no RCT studies are 
available on these drugs. 

Three observational studies in newly-diagnosed JME supported the 
use of LEV as the initial therapy in this setting [42–44]. Two large 
placebo-controlled studies [45,46] evaluated LEV as an adjunctive 
treatment in patients with drug-resistant IGEs. In the first, LEV produced 
a greater mean reduction in GTCS frequency than placebo (56.5% vs 
28.2%). In the second, the number of days per week with myoclonic 
jerks was significantly reduced in 58.3% of patients under treatment 
with LEV versus 23% of those receiving placebo. A subanalysis of both 

studies confirmed a significantly better response rate for LEV than for 
placebo in JME [47]. 

LTG, as a monotherapy, was associated with seizure reduction and 
improvement in global clinical status in two open-label studies, in which 
it was administered, respectively, after VPA failure and in newly diag
nosed JME [48,49]. In a comparative prospective open-label study, time 
to withdrawal and long-term seizure freedom did not differ significantly 
between the LTG and VPA groups [50]. In another cohort of patients in 
whom LTG was introduced after VPA failure, responders numbered 35 
out of 62 (56%); responses tended to be better in patients without GTCSs 
and when VPA was withdrawn due to adverse events rather than inef
ficacy [51]. LTG was also reported to exacerbate myoclonic seizures or 
to cause them de novo in 5.4% of JME patients [52]. The combination of 
LTG and VPA might have a supra-additive effect and hence allow the use 
of a lower dose of VPA [41]. However, it can provoke or aggravate 
tremor [41,53]. 

An RCT compared TPM (N = 19) and VPA (N = 9) titrated to optimal 
effect in adolescents/adults with JME. Among patients completing 26 
weeks of treatment, 67% of the TPM group and 57% of the VPA group 
were seizure free (SF) during the 12-week maintenance period. Com
plete control of GTCSs was obtained in 10/12 patients on TPM versus 3/ 
4 on VPA [54]. Hence, TPM was considered potentially effective as an 
initial monotherapy in JME (level of evidence D) in the ILAE review 
[22]. Subsequently, in a prospective double-blind randomized 
open-label study comparing TPM and VPA in 34 JME patients, no sig
nificant efficacy differences were found in relation to either myoclonic 
seizures or GTCSs, but the severity of adverse events was significantly 
higher in the VPA group [55]. However, other authors found TPM to be 
less tolerated than VPA in patients with JME, particularly in terms of 
neuropsychological adverse events [56]. A Cochrane review updated in 
2019 concluded that there was not sufficient evidence to support TPM 
for the treatment of JME, as TPM seemed better tolerated but not more 
effective than VPA [57]. 

In a retrospective analysis of 15 JME patients treated with ZNS either 
as their first drug, administered in a monotherapy regimen (13/15), or 
as an add-on treatment to VPA (2/15), 80% were considered good re
sponders; 69%, 62% and 38% of patients were free from GTCSs, 
myoclonic seizures and ASs respectively. ZNS showed good tolerability 
[58]. In another retrospective study, of 13 IGE patients (6 with JME) 
treated with ZNS, 8/11 patients who were still taking ZNS at 12 months 
were responders at that timepoint, and 6 (including 3 with JME) were SF 
[59]. 

CZP and CLB should be considered for adjunctive treatment of 
myoclonic seizures both in children and in adults, according to small 
observational trials [60] and expert opinions [35,61]. 

In a small case series, lacosamide (LCM) was effective in two out of 
three patients with JME [62]. In another study, adjunctive LCM in 49 
IGE patients was not effective on myoclonic seizures [63]. Of note, 
new-onset myoclonic seizures, absence status and worsening of absences 
have been reported in IGE patients treated with LCM [64]. 

In the GENERAL study on PER, 60 patients had JME. At 12-month 
follow-up, 61.7% of them were free from all types of seizure. In a sub
analysis of efficacy in relation to seizure type, 61.9% became free from 
GTCSs, 68.2% from myoclonic seizures, and 56.3% from absences. [30]. 

Finally, a multicenter, retrospective cohort study recruited 61 pa
tients with IGE resistant to other treatments and starting BRV. Among 
the 15 patients with JME, the responder rate was 60%, with 40% being 
SF at three months [65]. 

3.1.3. Generalized Tonic-Clonic Seizures (GTCSs) Alone 
In the 2013 ILAE review, no drug for TCSs, including both GTCSs and 

focal to bilateral TCSs, was assigned an A or B level of evidence. 
VPA has traditionally been considered the first-choice drug for 

GTCSs in clinical practice, even though no Class I or II studies are 
available. In fact, most data come from expert opinions and from a small 
number of Class III and IV comparative studies demonstrating the 
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overall efficacy of VPA versus TPM and/or LTG in IGE [36,66]. The most 
recent report, on a small prospective randomized comparative study of 
VPA versus LTG, which focused on newly diagnosed GTCSs in adults, 
confirmed the superiority of VPA as the first-line drug: at 12 months, 
76.7% of the patients in the VPA group versus 56.67% those in the LTG 
one were SF [67]. No studies on VPA for refractory GTCSs are available. 

In a small double-blind placebo-controlled crossover study in pa
tients with treatment-resistant GTCSs, 50% of those treated with LTG as 
opposed to placebo recorded an at least 50% reduction in seizures [68]. 
In a regulatory double-blinded study, 117 patients experiencing 
medication-refractory GTCSs were randomized to receive LTG or pla
cebo. During the combined escalation and maintenance phases, the 
median percent reduction in GTCSs was 66.5% with LTG versus 34.2% 
with placebo [69]. The original trial data were later confirmed in a 
pediatric population [70] and by a double-blind placebo-controlled trial 
on LTG extended release as adjunctive therapy for patients with GTCSs 
[71]. 

An open label active-controlled trial compared the efficacy and 
tolerability of monotherapy with LEV versus VPA over a six-month 
period. Thirty-one out of 45 patients in the LEV group and 47 out of 
58 in the VPA group had GTCSs Alone. Seizure recurrence and seizure 
freedom were similar in the two treatment groups. Time to treatment 
withdrawal was longer in patients treated with LEV than in those 
receiving VPA, while the time to first seizure favored VPA, although the 
differences were not statistically significant [44]. In a multicenter 
double-blind placebo-controlled parallel-group study, 164 adults and 
children with IGE experiencing ≥3 GTCSs during the 8-week baseline 
period were randomized to LEV or placebo as an adjunctive treatment 
and evaluated for 20 weeks. LEV produced a greater mean reduction in 
GTCS weekly frequency than placebo (56.5% vs 28.2%). The responder 
rate was 72.2% for LEV and 45.2% for placebo [45]. 

A phase III open label long-term follow-up study evaluated LEV, in 
individualized doses, as an add-on therapy in patients with uncontrolled 
IGE. Among 217 patients, 152 had GTCSs; 62.5% of these experienced a 
seizure freedom period lasting ≥6 months [72]. 

In a multicenter double-blind randomized placebo-controlled phase 
III trial, 252 patients aged over 16 years with drug-resistant TCSs were 
randomized to receive LEV or placebo. The median percent reduction in 
seizure frequency in those with GTCSs was 73.9% for LEV versus 27% 
for placebo [73]. 

An RCT evaluated add-on TPM versus placebo in 80 patients expe
riencing ≥3 refractory GTCSs during the 8-week baseline period. At the 
end of the 12-week maintenance period following titration to target 
doses, the median percent reduction in GTCSs compared with baseline 
was 56.7% in the TPM group versus 9% in the placebo one [74]. 

Several uncontrolled and retrospective studies reported the effec
tiveness of ZNS in patients with GTCSs. In a small series, out of 10 pa
tients with GTCSs (including two with GTCSs Alone), 6 were GTCS free 
and one recorded a ≥50% reduction in GTCSs after 6 and 12 months of 
treatment with ZNS [59]. 

In a multicenter Class I phase III placebo-controlled study, 164 pa
tients with refractory GTCSs in IGE were assigned to treatment with PER 
or placebo during a 4-week titration period followed by a 13-week 
maintenance period. 162 patients completed the analysis (81 PER, 81 
placebo). Compared with placebo, PER conferred a greater median 
percent change in GTCS frequency per 28 days and produced a >50% 
GTCS responder rate. During the maintenance period, 12.3% of placebo- 
treated patients and 30.9% of PER-treated patients achieved GTCS 
freedom [29]. In the real-life GENERAL study of PER, 115 out of 149 
patients with IGE had GTCSs in the preceding year (51 had GTCSs 
Alone). After 12 months, the GTCS freedom rate was 69% and the GTCS 
responder rate was 75.7%. Six of the 115 (5.2%) experienced a >10% 
increased frequency of GTCSs. Thirty-two of the 51 patients (62.7%) 
with GTCSs Alone became SF [30]. 

The 311 study was a global multicenter open-label single-arm study 
of once-daily adjunctive PER oral suspension in pediatric IGE patients 

with focal seizures with/without focal to bilateral TCSs and GTCSs. In 31 
patients with GTCSs, the median percent reduction in seizure frequency 
from baseline was 69%; the 50% responder and SF rates were 64% and 
55% respectively. Safety and tolerability were confirmed [75]. 

An open-label study evaluated safety and tolerability of adjunctive 
LCM in 49 patients affected by IGE with uncontrolled GTCSs. During the 
pilot safety study, 29 patients remained free from GTCSs, while 64% and 
36% of patients were SF for at least 6 and 12 months respectively. This 
GTCS improvement needs to be interpreted cautiously as the study was 
not designed to evaluate the efficacy of LCM [63]. 

In a multicenter phase III randomized double-blind non-inferiority 
trial of LCM versus CBZ-CR involving 888 patients with newly diagnosed 
epilepsy, 11% and 9% respectively in the LCM and CBZ-CR arms had 
TCSs without clinical or EEG indication of focal onset. The authors found 
comparable efficacy and SF rates between LCM and CBZ [76]. These 
results should be interpreted with caution: first, because the age at 
seizure onset was unusually old for IGE patients, and second, because 
the trial was not designed specifically for IGE [77]. In a case series, 7 out 
of 9 patients with IGE treated with LCM showed a ≥50% reduction in 
GTCS frequency. All 7 remained SF for >1 year, and 2 of them for >5 
years. However, in 2 out of 5 patients, both with JME, ASs worsened. 
One of these was a patient with no previous history of myoclonic sei
zures who developed a myoclonic absence status [78]. 

In the previously cited multicenter retrospective cohort study on 
adjunctive BRV in IGE, 41 out of 61 patients had GTCSs; 16 (39%) were 
responders and among them 11 (26.8%) became GTCS free [65]. In a 
real-life experience of the off-label use of BRV in a sample of 37 adult 
patients with a confirmed IGE diagnosis, 9 patients had GTCSs Alone and 
22 had GTCSs as a component of their IGE. After a mean treatment 
period of 10.4 ± 7.1 months, 6 out of 9 patients affected by GTCSs Alone 
and 15/22 patients with GTCSs in the context other IGEs were SF [31]. 

Despite extensive use of CZP, CLB, PB and PRM for GTCSs in clinical 
practice, efficacy data in these seizures are lacking. High-dose PB has 
been associated with aggravation or new onset of absences [79,80]. 

While no evidence is available from randomized studies of CBZ and 
oxcarbazepine (OXC) in IGE, case series and extrapolated data from 
reviews or studies focusing on TCSs in newly diagnosed epilepsy support 
their efficacy in reducing the frequency of GTCSs [81–88]. It should be 
emphasized that CBZ, particularly in monotherapy, may exacerbate 
seizures, particularly absence and myoclonic seizures, in some in
dividuals with IGE [89]. 

Previous investigations of the use of phenytoin (PHT) in TCSs failed 
to distinguish clearly between patients with GTCSs versus focal to 
bilateral TCSs. A 2016 meta-analysis reviewed RCTs in which PHT or 
VPA was used as the initial monotherapy for TCSs: no differences in 
outcomes were found between the two treatments, either in focal or in 
generalized epilepsy. The authors concluded that misclassification of 
seizure/epilepsy type probably influenced the results of the review [90]. 

3.1.4. Idiopathic Generalized Epilepsies analyzed with no further syndrome 
specification 

One of the arms of the “SANAD” RCT, conducted in patients with 
newly diagnosed epilepsy, included 716 children and adults in whom 
VPA rather than CBZ was considered, by a clinician, to be the most 
appropriate standard monotherapy option. More than half of these pa
tients were classified as having IGE (66 CAE, 45 JAE, 119 JME, 42 
generalized epilepsy with GTCSs on awakening, and 168 unspecified 
IGE). The patients, divided into evenly sized groups, received VPA, LTG 
or TPM in target doses consistent with everyday practice. VPA gave 
significantly better results than LTG and TPM in terms of time to treat
ment failure, while it performed better than LTG but did not signifi
cantly differ from TPM in time to 12-month remission. The superiority of 
VPA over the comparators was greater in IGE patients. No subanalysis 
focusing on types of IGE was performed [36]. 

The LaLiMo Trial was a multicenter open-label prospective ran
domized controlled parallel trial comparing the efficacy and safety of 
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Table 2 
Anti-seizure medications (ASMs) other than valproate for Idiopathic Generalized Epilepsy (IGE).  
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LTG versus LEV as initial monotherapy in patients with newly diagnosed 
epilepsy. Four hundred nine patients were enrolled (144 with IGE). The 
proportion of SF patients at the end of the observation period was similar 
between LEV and LTG (45.2% vs 47.8%) and no differences in efficacy 
were found in IGE patients [91]. 

The KOMET study was a multicenter randomized open-label parallel 
study conducted in 1,688 new-onset epilepsy outpatients. Patients were 
randomized (1:1) to LEV or a standard ASM treatment, the latter chosen 
by the clinician between extended-release VPA (VPA-ER) or controlled- 
release CBZ (CBZ-CR). Primary generalized seizures were diagnosed in 
34.8% of the patients (65.8% in the VPA/LEV arm). Efficacy did not 
differ significantly between LEV and the comparators, although there 
emerged trends favoring VPA-ER in the VPA/LEV arm [88]. 

Finally, a meta-analysis comparing LTG with VPA in IGE included 
five RCTs and four observational cohort studies, for a total of 1,732 
patients. The results suggested better seizure control with VPA [92]. 

3.2. Prescription rules 

Table 2 summarizes the pregnancy- and contraception-related con
traindications and warnings concerning the use of the different ASMs, as 
reported by the relevant Italian SmPCs [15,16]. In Italy, VPA is the only 
drug whose indications cover all generalized seizure syndromes and 
types. There are no age restrictions on its use as either a monotherapy or 
add-on therapy. 

CZP, too, is licensed for the treatment of all seizure syndromes and 
types in adults, whereas in children it may be used only as a mono
therapy or add-on therapy of absences and GTCSs. 

In ASs, ESM is licensed for monotherapy and add-on therapy without 
any age limit, while LTG can be prescribed to patients over two years of 
age. LEV, TPM and ZNS do not have a formal AIFA license, however, 
under the terms of Italian law 648/1996, they can be prescribed and 
reimbursed in pediatric drug-resistant typical ASs. 

In GTCSs, CBZ, PB, PHT and PRM can all be prescribed as mono
therapy or add-on treatments, without restrictions. LTG is licensed for 
monotherapy or add-on therapy of GTCSs in patients aged ≥13 years, 
and only for adjunctive therapy in patients aged 2-12 years. TPM is 
licensed for the treatment of GTCSs in patients aged >6 years as either a 
monotherapy or add-on therapy, and only as an add-on treatment in 
children aged 2-6 years. LEV can be prescribed for GTCSs only as add-on 
therapy in patients aged ≥12 years. PER, too, can be used as an add-on 
treatment for GTCSs in patients ≥12 years, but it must be prescribed by 
neurologists, child neuropsychiatrists or pediatricians in the context of 
an AIFA therapeutic plan. 

In myoclonic seizures, PRM is licensed for monotherapy or add-on 
treatment. LEV is licensed specifically for JME and only as an add-on 
treatment for patients aged ≥12 years; however, under the terms of 
law 648/1996, its prescription as a monotherapy in individuals aged 
>12 years is reimbursable. LTG is licensed for mono or add-on therapy 
of myoclonic seizures in patients aged ≥13 years, whereas under the 
648/1996 legal provisions, it is authorized for use only in JME, as a 
monotherapy in patients >12 years old. 

LCM and BRV are not licensed for the treatment of any type of seizure 

on the IGE spectrum. 
Under Italian law 648/1996, CLB is permitted for pediatric use in 

severe drug-resistant epilepsies (with no further specification) in pa
tients over three years of age. 

A possible dose dependency of teratogenic effects was reported only 
in the SmPCs of CBZ, LTG and PB. 

With regard to the SmPCs released by other European regulatory 
agencies, the SmPCs authorized through a centralized procedure by the 
EMA (those referring to BRV, LCM, LEV, PER, ZNS), or subject to an EMA 
harmonization procedure (LTG, TPM), are currently (until 31.12.2020) 
the same across the EU, European Economic Area (EEA) and the UK. The 
SmPCs of ASMs already on the market at the time of the establishment of 
the EMA (CBZ, CLB, CNZ, ESM, PB, PHT, PRM, OXC), having been 
authorized at national level, may show differences in content between 
EU countries [17]. 

In pregnancy, CZP is contraindicated in Italy but not in France or 
Spain, for example; similarly, CLB is contraindicated in pregnancy and 
during breastfeeding in the UK, and only during breastfeeding in France 
and in other countries, such as Italy; while ESM is contraindicated 
during pregnancy in Italy but not in some other European countries. 

Stronger warnings on PHT were found in the SmPC issued by the 
MHRA [20]. To evaluate these various drugs’ contraindications, it is 
recommended to consult the national drug registers of the different 
countries [18]. 

3.3. Teratogenicity and adverse effects on behavioral and cognitive 
development 

3.3.1. Carbamazepine 
Several thousand pregnancies exposed to CBZ have been reported. 

These pregnancies showed an increased risk of MCMs, with an OR of 
1.37 (95% CI, 1.10-1.71) according to one meta-analysis [3] and a RR of 
1.50 (95% CI, 1.03-2.19) according to another [2]. They also showed an 
increased risk of minor malformations (OR, 10.81; 95% CrI, 
1.40-373.90) [3] compared with untreated epilepsy. Pooled MCM 
prevalence was 4.93% in one of the abovementioned meta-analysis 
studies [2]. In the EURAP pregnancy registry, the prevalence was 
4.5% for doses ≤700 mg/day (range, 3.5-5.8), and 7.2% for doses 
>700 mg/day (range, 5.4-9.4) [4]. In the UK registry, prevalence was 
1.9% for doses <500 mg/day, and 5.3% for doses >1000 mg/day [93]. 
Systematic reviews with meta-analysis failed to find an association be
tween CBZ exposure and specific MCMs, with the sole exception of 
orofacial clefts/craniofacial malformations, which were significantly 
more frequent in children of treated women than in controls born to 
mothers without epilepsy (RR 6.6, CI 1.19 to 31.49); instead, the dif
ference versus children of women with untreated epilepsy was not sig
nificant [2]. 

No significant overall neurodevelopmental delay has been reported 
in association with intrauterine exposure to CBZ [5–8,94]. Although 
mean performance IQ was significantly lower in exposed subjects than in 
the pooled group of controls, this significance was lost when they were 
compared with only the epilepsy controls in a meta-analysis of cohort 
studies [5]. However, two single studies reported lower verbal abilities 

Seizure indications, contraindications and warnings in girls and women of childbearing potential (WOCP), need for use of contraception, and pharmacokinetic in
teractions with combined hormonal contraceptive steroids, as reported in the Italian Summary of Product Characteristics (SmPC, available on Agenzia Italiana del 
Farmaco-AIFA, 2020, April). 
Strength of warning regarding risks in pregnancy is based on the authors’ judgement on SmPC statements. Since some differences have been found between the SmPCs 
of originator drugs and those of some equivalent (“generic”) drugs, the table refers to the SmPCs of the originator drugs. 
See text on the SmPCs released in other European countries. 
Legend: AS = Absence seizure, add-on = adjunctive treatment, ASM = anti-seizure medication, BRV = brivaracetam, CBZ = carbamazepine, CLB = clobazam, 
CZP = clonazepam, E = Estrogen quote of E/P contraceptives, EPCs = combined estro-progestin contraceptives, ESM = ethosuximide, GTCS = generalized tonic-clonic 
seizures, IGE = Idiopathic Generalized Epilepsy, JME = Juvenile Myoclonic Epilepsy, LCM = lacosamide, LTG = lamotrigine, LEV = levetiracetam, mono = mono
therapy, My = generalized epileptic myoclonia, OXC = oxcarbazepine, P = progestin quote of E/P contraceptives, PB = phenobarbital, PER = perampanel, 
PHT = phenytoin, PK = pharmacokinetic, PRM = primidone, TPM = topiramate, ZNS = zonisamide 
648/1996*: Italian law which allows off-label use (monitored by a special pharmacovigilance program) and drug reimbursement by the Italian National Health System. 
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[95,96], and one of those an increased frequency of IQ < 85 [95]. 

3.3.2. Clobazam 
Exposure to CLB was associated with prenatal growth retardation 

(OR, 4.47; 95% CrI, 1.60-11.18) and preterm birth (OR, 3.42; 95% CrI, 
1.41-7.92) [3]. Data on other outcomes are limited. 

3.3.3. Clonazepam 
Prenatal exposure to CZP was associated with a significant increase 

in hypospadias (OR, 6.17; 95% CrI, 1.17-24.80) [3]. Data on other 
outcomes are very limited. 

3.3.4. Ethosuximide 
Albeit analyzing a limited number of exposures, a systematic review 

found ESM to be associated with a significant higher risk of MCMs 
compared with controls (OR, 3.04; 95% CrI, 1.23-7.07), particularly 
cleft lip/palate (OR, 22.22; 95% CrI, 4.56-87.64) and clubfoot (OR, 
12.99; 95% CrI, 1.66-76.39) [3]. No data were found on cognitive 
development after intrauterine exposure to ESM. 

3.3.5. Lamotrigine 
Data on several thousand intrauterine exposures to LTG largely 

support an overall malformation rate comparable to those found in the 
offspring of healthy mothers and of unexposed mothers with epilepsy, 
and lower than the rates reported in VPA or CBZ exposure [2,3]. Some 
studies [4,97], but not others [93,98], found a dose-dependent terato
genic effect. In particular, according to data from the EURAP registry, an 
exposure level of ≤325 mg/day was associated with a malformation rate 
of 2.5% (range, 1.8-3.3), which is no higher than that of the expected 
background, whilst higher doses were associated with a rate of 4.3% 
(range, 2.9-6.2) [4]. 

Despite earlier indications of a more than 10-fold increased risk of 
orofacial clefts [99], and of an increased risk of clubfoot [100,101], no 
specific pattern of MCMs has since been reported or confirmed on the 
basis of pooled data or data from a large case-malformed control study 
(EUROCAT) (2017) [2,102]. 

Several studies failed to demonstrate a detrimental effect on later 
cognitive assessment in exposed children [6,94,103–106]. Intrauterine 
exposure to LTG was significantly associated with autism/dyspraxia 
according to a network meta-analysis; however, when results were 
adjusted for higher quality studies in terms of the adequacy of follow up 
of cohorts, the association was no longer significant; moreover, the 
authors pointed out that several known confounders could not be 
assessed in most of the included studies [8]. 

3.3.6. Levetiracetam 
Children exposed to LEV in the womb showed rates of MCMs com

parable to those of control children [2,3,107], to the expected back
ground rate, and to the rates of children exposed to low doses of LTG [4]. 
No dose-response association was found [2–4]. Reported exposures 
number more than one thousand [108]. 

Although preliminary data are reassuring, there is a consistent lack 
of evidence regarding possible cognitive adverse outcomes after intra
uterine exposure to LEV [6,8,94]. 

3.3.7. Oxcarbazepine 
The MCM rates of children exposed to OXC were comparable to those 

of children exposed to low doses of LTG and to the expected background 
rate [2–4]. No specific patterns of MCMs or dose dependencies have 
been reported. However, reported exposures number only several hun
dred [108]. There is no reported evidence on cognitive outcomes after 
intrauterine exposure to OXC [6]. Although OXC was associated with an 
increased risk of autism/dyspraxia in a network meta-analysis, the as
sociation was no longer significant when considering only epilepsy as 
the indication for use [8]. 

3.3.8. Phenobarbital 
In a Cochrane systematic review with meta-analysis, children pre

natally exposed to PB (23 studies, 709 children) showed a 7.1% preva
lence of MCMs (95% CI, 5.36-9.08) with a RR for malformations of 2.84 
versus children born to women without epilepsy (95% CI, 1.57-5.13) and 
a significantly increased risk compared with children prenatally exposed 
to LTG, LEV and gabapentin. Conversely, they did not have a higher risk 
than children born to women with untreated epilepsy or children pre
natally exposed to CBZ, TPM, PHT, OXC, PRM or ZNS [2]. In another 
systematic review, the OR of MCMs was 1.84 (95% CI, 1.35-2.47) [3]. 
The EURAP registry highlighted a dose dependency, reporting a mal
formation rate of 2.7% for doses ≤80 mg (95% CI, 0.3-9.5), 6.2% for 
doses of 80 to 130 mg (95% CI, 3-11.1), and 11.7% for doses >130 mg (CI 
95%, 4.8-22.6). The ORs compared with LTG ≤ 325 mg were: 5.81 for 
doses >130 mg (95% CI, 2.40-14.08) and 2.46 for doses of 80 to 130 mg 
(95% CI, 1.16-5.23); there was no significant risk for doses below 
80 mg/day [4]. The OR for high versus low doses of PB was 5.41 (95% CI, 
1.05-27.89). Other investigators found no correlation with doses [98, 
109], however most published studies included small numbers of 
exposed cases or did not provide specific information on doses [2]. Data 
on a possible specificity for heart anomalies are conflicting [2,110,111], 
while limited data suggest an increased risk of cleft lip/palate [2–4]. In 
one study, intrauterine exposure to PB was associated with prenatal 
growth retardation (OR, 1.88; 95% CI 1.07-3.32) [3]. 

Data on cognitive effects in monotherapy with PB are limited and 
inconclusive [6,110]. 

3.3.9. Phenytoin 
PHT has been associated with a significant increase in overall MCMs, 

with a prevalence of about 6%, and no apparent dose effect [2,4]. Cleft 
palate and clubfoot, in particular, were found to be significantly 
increased. Data on a possible cognitive effect are scarce and inconsistent 
[6,110]. 

3.3.10. Topiramate 
Data on the overall teratogenicity of TPM, based on fewer than 1,000 

exposed pregnancies, show a slightly higher risk compared with unex
posed controls [2,3]. However, this risk was no longer significant when 
restricting the analysis to studies found, in a meta-analysis, to be of 
higher quality in terms of the adequacy of follow-up of cohorts [3]. TPM 
carried a non-significant higher risk compared with low doses of LTG in 
the EURAP cohort and no dose dependency was found [4]. Nevertheless, 
two meta-analyses confirmed an approximately 6-fold increased risk of 
oral clefts [3,112]. A more recent population-based study from the U.S. 
(2,452 exposures vs 1,322,925 controls) demonstrated a higher risk 
when TPM was taken for epilepsy and at higher doses. In particular, 
compared with unexposed controls, the RR was 8.30 (95% CI, 
2.65-26.07) among women with epilepsy (median dose 200 mg/day) 
and 1.45 (95% CI, 0.54-3.86) among women with other indications 
(median 100 mg/day). The RR for oral clefts was 1.64 (95% CI, 
0.53-5.07) at doses ≤100 mg and 5.16 (95% CI, 1.94-13.73) at doses 
>100 mg. However, the sample size of women taking <100 mg was 
small and some confounders could not be ruled out. The authors also 
compared TPM with LTG, finding an RR similar to that found in controls. 
They calculated the pooled primary RR of their study with those of 6 
previous studies and, in line with a previous meta-analysis, found it to be 
5.27 (95% CI, 2.88-9.65) [113]. 

Prenatal growth retardation was found to be significantly more 
frequent in fetuses exposed to TPM (OR, 2.64; 95% CrI, 1.41-4.63) [3]. 

No published evidence was found on cognitive outcomes after in
trauterine exposure to TPM. 

3.3.11. Zonisamide 
The prevalence of MCMs (any type) in children exposed to ZNS 

(N = 90), based on meta-analysis findings [2] relating to a single study 
[98], was 0.28% (95% CI, 0.25-2.39) [2,98]. We did not find any data on 
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Fig. 1. Therapeutic algorithm in Juvenile Myoclonic Epilepsy. 
LEV, levetiracetam; LTG, lamotrigine; CLB, clobazam; TPM, topiramate; CZP, clonazepam; PB, phenobarbital; PER, perampanel; PRM, primidone; ZNS, zonisamide; 
ESM, ethosuximide; VPA, valproic acid; RCT, randomized controlled trial; My, myoclonic seizures; GTCSs, generalized tonic clonic seizures; ASs, absence seizures; 
MCM, major congenital malformations. 
LTG can worsen myoclonia. 
Note that «other treatment options» are listed in alphabetical order. 

Fig. 2. Therapeutic algorithm in Generalized Tonic-Clonic Seizures Alone. 
LEV, levetiracetam; LTG, lamotrigine; CBZ, carbamazepine; CLB, clobazam, CZP, clonazepam; OXC, oxcarbazepine; PB, phenobarbital; PER, perampanel; PRM, 
primidone; TPM, topiramate; ZNS, zonisamide; VPA, valproic acid; RCT, randomized controlled trial; TCSs, tonic-clonic seizures; MCMs, major congenital malfor
mations. 
CBZ and OXC can unmask absences and myoclonia. 
Note that «other treatment options» are listed in alphabetical order. 
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cognitive outcomes after intrauterine exposure to ZNS. 

3.3.12. Other ASMs 
Only very limited data from small observational studies can be found 

on PRM, LCM, PER. 

3.4. Prescription algorithms 

Figs. 1–4 show the prescription algorithms for the different IGE 
syndromes. 

Fig. 3. Therapeutic algorithm in Juvenile Absence Epilepsy. 
GTCSs, generalized tonic-clonic seizures; LTG, lamotrigine; ESM, ethosuximide; LEV, levetiracetam; TPM, topiramate; CLB, clobazam, CZP, clonazepam; ZNS, 
zonisamide; VPA, valproic acid; RCT, randomized controlled trial; ASs, absence seizures; IGE, idiopathic generalized epilepsy, CAE, childhood absence epilepsy; 
MCMs, major congenital malformations. 
Note that «other treatment options» are listed in alphabetical order. 

Fig. 4. Therapeutic algorithm in Childhood Absence Epilepsy. 
GTCSs, generalized tonic-clonic seizures; ESM, ethosuximide; LTG, lamotrigine; CLB, clobazam, CZP, clonazepam; LEV, levetiracetam; TPM, topiramate; ZNS, 
zonisamide; VPA, valproic acid; RCT, randomized controlled trial; CAE, childhood absence epilepsy; MCMs, major congenital malformations. 
Note that «other treatment options» are listed in alphabetical order. 
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4. Discussion 

Adverse events associated with intrauterine exposure to VPA are 
consistently and conspicuously more frequent than those to date re
ported for any other ASM. On these premises, its use in pregnancy and in 
girls and WOCP should be limited to cases of absolute necessity [1–9]. 
However, avoiding VPA in IGE is not without disadvantages, as several 
authors have pointed out [12,114,115]. In men, VPA is considered the 
best first choice in different clinical situations, including IGE [11,35]. 
This raises important ethical issues pertaining to health equity: ac
cording to the current restrictions, girls and WOCP, unless other possible 
treatments have proved unsuitable and they agree to adhere to contra
ception requirements, should be denied a potentially effective cure, even 
in the presence of situations that make pregnancy unlikely [12,114, 
116]. Moreover, fetal adverse events (in particular cognitive effects) 
associated with other ASMs, especially the newer drugs, have yet to be 
adequately assessed. Accordingly, in a recent survey, 64% of Italian 
epileptologists stated that they have difficulties in implementing the 
EMA and AIFA recommendations [117]. 

It was mainly to address these difficulties that we set out to sum
marize and integrate current literature and legislative data, and thus 
provide guidance on ASM prescription in girls and women of child
bearing age, avoiding VPA. 

Since the decision to avoid VPA is based on clear literature data 
concerning its teratogenicity, and on strict regulatory constraints, ideal 
alternative drugs should be not only effective in the specific IGE syn
drome, but also incontestably less harmful in the event of pregnancy and 
formally prescribable as a first monotherapy. Our investigation showed 
that finding a drug that meets these requirements is not straightforward. 

As a first consideration, with the notable exception of absence syn
dromes, the literature lacks high quality studies, and hence strong rec
ommendations for any ASM in IGE. That said, VPA is the only drug that 
has proved consistently effective in controlling the three main seizure 
types characterizing IGEs: ASs, myoclonic seizures and GTCSs. Accord
ingly, in Italy, it is the only drug licensed, without age restrictions, for all 
three. 

However, several alternative treatments show good efficacy data for 
single seizure types, and this was our first determinant in designing the 
algorithms for each syndrome. We then prioritized the drugs with the 
lowest teratogenic risk profile, supported by a good amount of data, i.e. 
LEV and LTG. This is in line with the proposal of a group of European 
experts [118], and we, too, suggest the use of these two drugs in com
bination before trying other monotherapies [118]. 

CAE was the only syndrome in which we decided to consider ESM 
before any other ASM, again in line with the European proposal [118]. 
This was justified by evidence of its superior efficacy and tolerability in 
this syndrome. However, as patients with CAE show high rates of 
remission and medication withdrawal before reaching childbearing age, 
we believe that, in this population, VPA administration should not be 
delayed if GTCSs appear. 

On the other hand, in some cases, ASMs were included in an algo
rithm more for their apparently low risk of teratogenicity than for their 
overall therapeutic profile. This was the case of CBZ and OXC in GTCSs 
Alone. These drugs would practically never be considered suitable 
therapeutic options in a man with IGE, as they are known to carry a risk 
of seizure worsening, and in particular can unmask absences or 
myoclonic seizures. For this reason, they were included only after 
careful discussion among the authors. Aggravation or unmasking of 
myoclonic seizures is also known to be a possibility with LTG; never
theless, due to the lack of less teratogenic alternatives, it is considered by 
many clinicians [118], including us, as a first-choice agent in girls and 
WOCP with JME. Undoubtedly, careful surveillance for this possible 
complication, both by doctors and by patients, is warranted. 

After lengthy discussion, and in accordance with other authors 
[118], we deemed it unethical to prioritize drugs for which there is still 
only limited clinical experience, and on which we have hardly any 

available teratogenic data, even when the efficacy data and prescription 
rules are favorable. One example is PER, which we think should be 
considered only after other possible options. 

It should, in any case, be emphasized that any drug choice should be 
made only after verifying the suitability for the single woman, taking 
into account aspects including her lifestyle, comorbidities, preferences, 
and the potential impact of mood or cognitive side effects. In our view, 
this is particularly important with regard to the use of drugs listed as 
“other options”, which, moreover, should be prescribed only by epilepsy 
specialists. 

However, even reaching a balance between efficacy and teratogenic 
risk may not be enough, as the legal prescription requirements present a 
number of additional problems. For example, in Italy, prescribing LEV as 
monotherapy to a patient with JME represents an off-label prescription 
requiring supplemental pharmacovigilance procedures. Such extra sur
veillance, compulsory under Italian reimbursement law 648/1996, in
cludes more frequent follow ups and periodic reporting to the 
authorities. Furthermore, reimbursement is not even contemplated in 
epilepsy with GTCSs alone. Though prescription rules may show some 
variation between single countries, they are generally very consistent 
across Europe as a whole, as borne out by the fact that the SmPCs of 
several ASMs authorized through a centralized procedure by the EMA, 
or subject to an EMA harmonization procedure, are currently (until the 
end of 2020) the same across the EU, EEA and the UK. 

A further major problem is the lack of consistency between the 
SmPCs, which in some cases may include pregnancy as a specific 
contraindication, and in others contain specific recommendations for 
use of the agent in pregnancy. Moreover, SmPC content sometimes 
differs even between different brands of the same active principle. 

Furthermore, several ASMs including, notably, both LEV and LTG, 
have a pharmacokinetic profile that very often leads to them being used 
at off-label doses in pregnancy. 

It is likely and desirable that, in the coming years, further data will 
corroborate the usefulness of some of the newer ASMs in IGE. During the 
drafting of this review, new data were published confirming the po
tential efficacy of LCM in IGEs [119] leading to its recent approval by the 
EMA and FDA as adjunctive therapy in the treatment of primary 
generalized tonic-clonic seizures in adults, adolescents and children 
from 4 years of age with IGE [120]. Finally, an important question, still 
unanswered, is: when it is right to consider using VPA? This question, for 
which there is probably no univocal answer, goes beyond the scope of 
our research, whose purpose was to identify alternatives to VPA. Several 
issues influence the decision to use VPA, some of which are epilepsy 
related. These include, most importantly, seizure type and frequency, 
and the fact that frequent GTCSs are associated with a higher risk of 
morbidity and even mortality, making their treatment an absolute pri
ority. Pregnancy considerations, the patient’s willingness to adhere to 
contraception requirements, and the individual suitability of effective 
contraceptive methods are also key issues. It is also important to 
consider that certain drugs may be unsuitable for a given woman, and 
we feel it is important to underline that, in our view, not all the available 
treatment options necessarily have to be exhausted before considering 
valproate. Finally, shared decision-making with a well-informed woman 
is the most important element, even if this means that, aware of the risks, 
she still chooses to undertake a pregnancy while taking VPA. It should be 
remembered that low doses of VPA are preferable, having been shown to 
be associated with a lower teratogenic and cognitive risk, and found to 
be effective in many cases [38–39]. 

A limitation encountered when attempting to summarize the efficacy 
data was the heterogeneity of the literature reviewed. Indeed, the data 
sometimes referred to seizures, and sometimes to syndromes. We chose 
to present them by syndrome rather than seizure type, and to design 
algorithms accordingly. This choice was made for several reasons: for 
clarity, because syndrome diagnoses have prognostic implications and 
imply differences in treatment, regardless of the presence or absence of a 
single seizure type (as in the case of CAE and JAE), different chance of 
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paradoxical effect of certain drugs. 
In conclusion, the aim of our survey was to provide clinicians with 

guidance on the use of ASMs other than VPA in girls and WOCP, while 
also attempting to highlight inconsistencies and gaps in current 
knowledge. The difficulties we encountered (i.e., conflicting recom
mendations and legal impediments to the prescription of various drugs) 
show that there is now a pressing need to revise the current prescription 
rules, in order to render them consistent with the most recent literature 
data, with the restrictions recently imposed on the use of VPA, and with 
each other. Indeed, from the perspective of possible legal consequences, 
and in order to improve clarity, making warnings uniform across 
different brands of the same active principle would be a very important 
step. Most important of all, there is a need to gather more data on the 
efficacy of new ASMs in IGEs and on their safety in pregnancy. The latter 
will be possible if patients and clinicians contribute to large registries on 
the use of ASMs in pregnancy. 
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KOMET: an unblinded, randomised, two parallel-group, stratified trial comparing 
the effectiveness of levetiracetam with controlled-release carbamazepine and 
extended-release sodium valproate as monotherapy in patients with newly 
diagnosed epilepsy. J Neurol Neurosurg Psychiatry 2013;84:1138–47. https:// 
doi.org/10.1136/jnnp-2011-300376. 

[89] Gayatri NA, Livingston JH. Aggravation of epilepsy by anti-epileptic drugs. Dev 
Med Child Neurol 2006;48:394–8. https://doi.org/10.1017/ 
S0012162206000843. 

[90] Nevitt SJ, Marson AG, Weston J, Tudur Smith C. Sodium valproate versus 
phenytoin monotherapy for epilepsy: an individual participant data review. 
Cochrane Database Syst Rev 2018;8:CD001769. https://doi.org/10.1002/ 
14651858.CD001769.pub4. 

[91] Rosenow F, Schade-Brittinger C, Burchardi N, Bauer S, Klein KM, Weber Y, et al. 
The LaLiMo Trial: lamotrigine compared with levetiracetam in the initial 26 
weeks of monotherapy for focal and generalised epilepsy–an open-label, 
prospective, randomised controlled multicenter study. J Neurol Neurosurg 
Psychiatry 2012;83:1093–8. https://doi.org/10.1136/jnnp-2011-301999. 

[92] Tang L, Ge L, Wu W, Yang X, Rui P, Wu Y, et al. Lamotrigine versus valproic acid 
monotherapy for generalised epilepsy: A meta-analysis of comparative studies. 
Seizure 2017;51:95–101. https://doi.org/10.1016/j.seizure.2017.08.001. 

[93] Campbell E, Kennedy F, Russell A, Smithson WH, Parsons L, Morrison PJ, et al. 
Malformation risks of antiepileptic drug monotherapies in pregnancy: updated results 
from the UK and Ireland Epilepsy and Pregnancy Registers. J Neurol Neurosurg 
Psychiatry 2014;85:1029–34. https://doi.org/10.1136/jnnp-2013-306318. 

[94] Huber-Mollema Y, van Iterson L, Oort FJ, Lindhout D, Rodenburg R. 
Neurocognition after prenatal levetiracetam, lamotrigine, carbamazepine or 
valproate exposure. J Neurol 2020;267:1724–36. https://doi.org/10.1007/ 
s00415-020-09764-w. 

[95] Baker GA, Bromley RL, Briggs M, Cheyne CP, Cohen MJ, García-Fiñana M, et al. 
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