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A B S T R A C T

Purpose: Epilepsy is the most common neurological disorder requiring medical treatment during pregnancy.
However, very few studies are specially dedicated to pregnant women with refractory epilepsy. This study was
carried out with the aim of describing obstetrical and neurological outcomes of pregnant women with refractory
epilepsy in Brazil.
Methods: Pregnant women with refractory epilepsy were enrolled in longitudinal cohort study between January
2005 and January 2018. They were regularly followed by a neurologist until the end of pregnancy. Neurological
outcomes included seizure control, status epilepticus and adherence to antiepileptic medications. Obstetrical
outcomes included major congenital malformations and obstetrical complications.
Results: A total of eighty two patients with a mean age of 24.5 ± 5.5 were included in our study. A significant
number of women experienced an increase in seizure frequency and the prevalence of status epilepticus was
8.5%. More than half were non-adherent to antiepileptic drugs. Most of patients required treatment changes
during pregnancy, in dose and/or in number of antiepileptic drugs. Cesarean section was the preferred way of
delivery and five cases of major congenital malformations were detected. Obstetrical complications were sig-
nificantly associated with polytherapy, multiple comorbidities, poor adherence to treatment and seizure dete-
rioration during pregnancy (p < 0.05).
Conclusions: Women with refractory epilepsy can have a significant risk of obstetric and neurological compli-
cations during pregnancy. Treatment of refractory epilepsy in pregnancy is a real challenge for neurologists.

1. Introduction

Epilepsy is a common neurological disorder characterized by re-
current seizures. Approximately 40% of women suffering with epilepsy
are in the reproductive age group. Between 0.3% and 0.7% of all
pregnancies are in women with epilepsy. It is the most common neu-
rological disorder requiring medical treatment during pregnancy [1,2].
Epilepsy treatment presents important clinical challenges during preg-
nancy. Infants of women with epilepsy have an increased risk of con-
genital malformations due mainly to the teratogenic effect of anti-epi-
leptic drugs (AEDs) [3]. Conversely, epilepsy itself and uncontrolled
seizures may have an important role in the occurrence of other adverse
obstetric outcomes [4]. Uncontrolled seizures during pregnancy have
been associated with fetal loss, fetal hypoxia, and poor neurodevelop-
ment as well [5]. Therefore, the treatment of women with epilepsy prior
and during pregnancy is a challenge. Neurologists need to balance be-
tween maintaining an effective treatment regimen to the mother and at
the same time avoiding the teratogenic risk of the medications [6].

Recent studies show that most of the pregnancies of women with
epilepsy (WWE) remain seizure-free under contemporary methods of

management [7]. Current data suggests that the majority of WWE have
well-controlled seizures during pregnancy or have no change in seizure
frequency. In addition, seizure control is obtained with monotherapy in
the vast majority of the patients [8]. Nevertheless, drug-resistant epi-
lepsy affects 30–40% of people with epilepsy [9]. Such patients are
generally advised to wait with conception until seizure control has been
achieved but there is a lack of evidence regarding the management of
these patients if they become pregnant. Indeed, no previous study was
specially dedicated to pregnant women with refractory epilepsy. Most
of the previously published cohorts do not include patients with epi-
lepsy from low- and middle-income countries, which may also impair
the accuracy and the precision of these studies [10]. Strict evidence is
lacking regarding refractory epilepsy management during pregnancy.

This study was conducted with the aim of describing adverse out-
comes and seizure control of pregnant women with refractory epilepsy
in Brazil.
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2. Methods

2.1. Study design and selection of cohort

We carried out a longitudinal cohort study composed of consecutive
pregnant women who were under regular clinical follow-up in an out-
patient clinic of refractory epilepsy of a university-affiliated, tertiary
referral hospital in São Paulo, Brazil, between January 2005 and
January 2018. All women with refractory epilepsy exposed to anti-
epileptic drugs at the time of conception were eligible for entry in the
study. Refractory epilepsy was defined as when treatment fails to
achieve seizure freedom for 12 months or more, for whatever reason
[11]. Only patients who were already being followed up for at least 6
months prior to the diagnosis of pregnancy were included. Baseline
period was set at 1 month before pregnancy for all patients. They were
followed until 1 month after the delivery and the outcomes regarding
pregnancy and epilepsy evolution were prospectively recorded
throughout the follow-up. A standardized protocol guided the data
collection for register. During pregnancy, data should be reported twice
per trimester during the first and second trimester and thrice during the
third trimester. Deadlines were stipulated as one week before comple-
tion of each trimester of pregnancy. Cases in which pregnancy out-
comes were unavailable or lost to follow-up were excluded. The study
was approved by the local ethics committee and complied with the
principles cited in the Declaration of Helsinki.

We excluded from the current analysis retrospectively identified
pregnancies, those occurring in women without epilepsy, those for
which physicians did not submit reports within preset deadlines, and
those for which follow-up was not yet completed at the current census.
We also excluded pregnancies in which antiepileptic drugs were swit-
ched or withdrawn during the first trimester, those exposed to other
potentially teratogenic drugs, and those with comorbidities associated
with teratogenic risks

2.2. Index evaluation of subjects

Baseline data were retrospectively collected through medical re-
cords and clinical interview. We obtained information on patient's de-
mographics, habits (eg. alcohol use, cigarette smoking and use of ilicit
drugs), medical conditions, folic acid supplement (folate supple-
mentation was arbitrarily deemed appropriate if started at least 3
months before conception and maintained throughout the first trime-
ster irrespective of dose), use of other medications, family history, type
of epilepsy, seizure frequency, family history of malformations, drug
therapy and other potential risk factors. Information on previous
pregnancies, deliveries, and fetal loss was also available. We classified
seizures in accordance with the new operational classification proposed
by the International League Against Epilepsy in 2017. Antiepileptic
drug therapy was described as well as if the patient was in monotherapy
or in polytherapy. Monotherapy was defined as exposure to only 1
anticonvulsant drug during the gestation and polytherapy was defined
as exposure to 2 or more anticonvulsant drugs simultaneously at any
time during pregnancy.

2.3. Outcomes

We prospectively collected through medical consultations and
phone interview data regarding epilepsy and pregnancy outcomes
during the follow-up period. We determined the natural course of epi-
lepsy during pregnancy, including types of epilepsy, types and dosage
variation of AEDs used to control the disorder, activity of epilepsy prior
to conception, the presence of and frequency of seizures during preg-
nancy. Seizure frequency variation was quantified separately into one
of four predefined categories (no seizures, increased number of sei-
zures, decreased number of seizure and no variation). Seizure control
was defined as achieving seizure freedom or presenting a significant

reduction in seizure frequency (more than 50%) sustained for at least 3
months. In the same way, adjustment of the antiepileptic therapy
during pregnancy was registered according to other four predefined
groups (addition of another AED, withdrawal of an AED, replacement of
and AED and no adjustment). Occurrence of status epilepticus was re-
corded as well. During follow-up, adherence to antiepileptic treatment
was measured with Morisky Medication Adherence Scale (MMAS-8).
MMAS-8 is a self-report questionnaire that is commonly used in epi-
lepsy clinics [12] and it has already been validated against more defi-
nitive data such as plasma drug levels and medication possession ratio
[13]. Total scores range from 0 to 8 and patients were considered ad-
herent with scores greater than 6.

Primary obstetrical outcomes included the rates and the type of
major congenital malformations (MCM) as documented at discharge
from the maternity unit. A major malformation was defined as a
structural abnormality with surgical, medical, or cosmetic importance.
The physical features excluded were minor anomalies, birth marks,
deformations, anatomic findings by ultrasound studies in pregnancy
that were not identified by the examining pediatrician, complications of
prematurity, genetic and chromosomal disorders. Only children born
after diagnosis of maternal epilepsy and born during the study period
were included in the analyses. The secondary obstetrical outcomes in-
cluded spontaneous abortion (miscarriage at< 20 weeks of gestation),
preterm birth (delivery before 37 complete weeks of gestation), mode of
delivery and the incidence of other adverse pregnancy complications
(induction of labor, cesarean section, antepartum hemorrhage, post-
partum hemorrhage). We excluded cases of abortions induced for clear
specific causes other than epilepsy and pregnancies in which fetal
outcome could not be determined.

2.4. Statistical analysis

The data obtained was analyzed using a Student's t-test for con-
tinuous data (expressed as mean ± standard deviation) and a chi-
square test for categorical data (expressed as a percentage).
Comparisons of the rates of various adverse outcomes between both
groups were performed, using Person's chi-squared test and a relative
risk with 95% confidence interval. Final values were adjusted for po-
tential confounders (eg. comorbidities, maternal age). P-value< 0.05
was considered significant. The statistical procedures were performed
using SPSS version 22.0 (IBM Corp. 2012)

3. Results

From January 2005 to January 2018, 443 women with refractory
epilepsy were followed up in our specialized outpatient clinic. Among
them, we enrolled 124 patients who became pregnant and fulfilled the
inclusion criteria for our cohort. Subsequently, 42 patients were ex-
cluded resulting in 82 eligible pregnancies (Fig. 1). The mean age was
24.5 (SD 5.5) and 36 and 13 patients had previous pregnancies and
abortions, respectively. None of the women had exposure to other
teratogens except AEDs. Carbamazepine was the most common anti-
epileptic drug used, followed by phenobarbital (48.8%), valproate
(25.6%), phenytoin (9.8%), clonazepam (7.3%), clobazam (7.3%), to-
piramate (2.4%), lamotrigine (2.4%), oxcarbazepine (1.2%). First-
generation antiepileptic drugs were the choice for the majority of pa-
tients (92.7%). Half of the subjects required polytherapy and 12 (29.3)
of them took valproate. There were no drug changes during the baseline
period. Poor adherence to treatment was registered in 42 (51.2%) pa-
tients. Folic acid was being appropriately used in 90.2%. Detailed
baseline characteristics are presented in Table 1.

The AED dose was increased from the first to the third trimester in
50.0% of pregnancies (41/82). Another AED was added in 20 preg-
nancies. Treatment changes are summarized in Fig. 2.

At baseline, the median seizure frequency was 6 per month, ranging
from 1 to 16. Concerning the frequency of seizure types, there was on
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average 5.2 generalized seizures per month and 7.8 focal onset seizures
per month. Seizure control was obtained for 55 (67.1%) patients and it
was statistically associated (p < 0.05) with good adherence, no dose
adjustment during pregnancy and withdrawal of one antiepileptic drug
(Table 2). Only 3 (3.6%) patients remained seizure-free during entire
pregnancy. Patients who experienced an increase in seizure frequency
were more likely (p < 0.05) to have had poor adherence to treatment,

increased dose during pregnancy and need to add another antiepileptic
drug. Increased seizure frequency was at the expense of focal onset
seizures (69.1%). No association was observed between seizure fre-
quency during pregnancy and etiology, comorbidities, polytherapy and
type of antiepileptic drug. Detailed analysis of potential risk factors for
worse neurological outcomes is reported in Table 2.

Status epilepticus occurred in 7 women (8.5%) with a mean age of
28.3 (SD 7.1) years. These cases were evenly distributed over the three
trimesters. All cases were generalized tonic-clonic and 4 (57.1%) of
them had already experienced SE before. The mean seizure frequency
was 10.9 per month. There were no maternal or fetal fatalities.
Increased number of AEDs used, use of 2.o generation antiepileptic
drug, poor adherence to treatment and uncontrolled epilepsy during
pregnancy were associated with increased odds of status epilepticus
(p < 0.05). Concerning obstetric outcomes, status was significantly
associated with cesarean delivery, obstetrical complications, pre-
maturity and previous history of miscarriages (p < 0.05). Individual
cases are reported in Table 3.

Cesarean section was the preferred way of delivery (51.2%) and it
was correlated in our cohort to increased frequency of seizures and poor
control of epilepsy during pregnancy (p < 0.05). Obstetric complica-
tions and pre-term births were reported in 24 (29.3%) and 21 (25.6%)
cases, respectively. The incidence of obstetric complications was sig-
nificantly higher in some conditions: polytherapy, multiple comorbid-
ities, poor adherence to treatment, unsuccessful epilepsy control and
increased frequency of seizures during pregnancy (p < 0.05). There
was no registered abortion during follow-up. In our cohort, 5 (6.0%)
fetal malformations were reported: 1 cleft palate, 1 ventricular septal
defect, 2 myelomeningoceles, and 1 genitourinary malformation.
Among these cases, 4 (80%) were born after maternal polytherapy and
both cases of neural tube defects were born to mothers taking valproate

Fig. 1. Study population and flowchart selection.

Table 1
Demographic and clinical characteristics of the study population.

Age (mean, standard deviation) 24.5 (5.5)

Comorbidities 25 (30.5)
Alcohol consumption 2 (2.4)
Tobacco use 9 (11.0)
Monotherapy 41 (50.0)
Polytherapy 40 (48.8)
2 AEDs 34 (41.5)
3 AEDs 6 (7.3)
Folate 74 (90.2)
Previous pregnancies 36 (43.9)
1 25 (30.5)
2 6 (7.3)
3 3 (3.7)
4 2 (2.4)
Abortion 13 (15.9)
Etiology
Unknown 29 (35.4)
Structural 38 (46.3)
Genetic 15 (18.3)
Seizure type
Focal onset with impaired awareness 32 (39.0)
Focal onset aware 25 (30.5)
Focal to bilateral tonic-clonic 23 (28.0)
Generalized 31 (37.8)
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(500mg per day, both). Outcomes were not significantly different when
comparisons were made between women taking different AEDs with
different dosages. A multivariate analysis of potential predictors for
harmful obstetrical outcomes is expressed in Table 4.

4. Discussion

Undoubtedly, epilepsy treatment in women who became pregnant is
an important issue in Neurology. Most of previous observational studies
regarding epilepsy and pregnancy usually included patients with dif-
ferent levels of epilepsy severity, ranging from those more benign to
those considered refractory. So much so that many patients were

without any AED during pregnancy in some studies. In other ones, just
patients on monotherapy were included [14,15]. Therefore, refractory
patients became easily excluded from current knowledge about man-
agement of epileptic women in pregnancy. However, the discussion of
risks and benefits while treating refractory epilepsy during pregnancy is
even more challenging. Moreover, most of data concerning the treat-
ment of epilepsy in pregnancy provides from studies performed in de-
veloped countries settings, what may compromise the evidence of the
results at a global level [16]. To our knowledge, this is the first study
that characterizes obstetric and neurological outcomes of patients with
refractory epilepsy.

Patients with refractory epilepsy may have poor seizure control

Fig. 2. Number (in %) of epileptic women according to frequency of seizures (A), antiepileptic (AED) number/type adjustment (B) and AED dosage adjustment (C)
during pregnancy.

Table 2
Analysis of clinical characteristics and treatment information with seizure control and seizure frequency during pregnancy. Data are expressed in Odds Ratio (95%
Confidence Interval).

Seizure control
OR (95% CI)

p-value Increased frequency
OR (95% CI)

p-value Same frequency
OR (95% CI)

p-value

Etiology 1.1 (0.4 – 2.8) 0.9 0.7 (0.3 – 1.7) 0.6 0.4 (0.1-1.2) 0.19
Polytherapy 0.8 (0.3 – 2.1) 0.8 2.0 (0.8 – 4.8) 0.18 0.6 (0.2 – 1.5) 0.4
Adherence 5.0 (1.8 – 13.8) 0.003 0.1 (0.03 – 0.2) < 0.001 7.7 (2.5 – 23.4) < 0.001
Dose adjusment
None 3.9 (1.5 – 10.2) 0.007 0.6 (0.2 – 1.6) 0.05 1.2 (0.4 – 3.0) 0.8
Reduction 5.0 (0.6 – 42.4) 0.19 0.08 (0.01 – 0.69) 0.01 3.6 (0.9 – 14.2) 0.1
Increase 0.7 (0.2 – 1.8) 0.6 3.3 (1.3 – 8.2) 0.01 0.4 (0.1 – 1.1) 0.1
AED adjustment (number)
None 2.3 (0.9 – 6.0) 0.11 0.7 (0.3 – 1.7) 0.6 1.0 (0.4 – 2.6) 0.8
Withdrawal 11.3 (1.2 – 99.0) 0.02 0.1 (0.01 – 1.2) 0.09 1.1 (0.3 – 4.4) 0.9
Change 0.7 (0.2 – 2.5) 0.8 1.1 (0.3 – 3.7) 0.9 0.8 (0.2 – 3.1) 0.8
Addition 0.8 (0.1 – 3.6) 0.9 4.3 (1.1 – 17.1) 0.01 0.5 (0.1 – 1.9) 0.4
Comorbidities 0.8 (0.3 – 2.2) 0.8 0.3 (0.1 – 0.9) 0.07 2.5 (0.8 – 7.6) 0.16
2.o generation AED 0.7 (0.1 – 4.5) 0.8 1.4 (0.2 – 9.2) 0.95 1.3 (0.2 – 8.8) 0.88
Valproate 0.5 (0.2 – 1.5) 0.3 1.7 (0.6 – 4.9) 0.3 0.5 (0.1 – 1.7) 0.4

Table 3
Individual characteristics and outcomes of patients who experienced SE during pregnancy.

Age Comorbidities Previous history of
miscarriages

Seizure type Etiology Polytherapy Vaginal
delivery

Obstetrical
complications

Prematurity Adherence

34 None Yes Focal Structural Yes No Yes Yes No
31 Hypertension/

Diabetes
No Focal Structural Yes No Yes Yes No

22 None Yes Focal/
Generalized

Unknown Yes Yes No No

26 None No Generalized Unknwon No No Yes Yes No
20 Hipothyroidism No Focal Unknwon Yes No Yes Yes No
40 None Yes Focal Structural No No No No No
25 Valvopathy No Focal to bilateral tonic-

clonic
Structural Yes No Yes No No
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during pregnancy. Previous studies showed that epilepsy in general
tend to present a benign pattern during pregnancy [17]. According to
the EURAP study data (2013), which included 3806 pregnancies in
3451 WWE, the frequency of seizures during pregnancy increased in
15.8%, decreased in 12.0%, and did not change in 70.5% women [7]. A
review of 27 studies that included 2165 pregnancies in WWE confirmed
that most of the patients with epilepsy did not have an increase in
seizure frequency (75.9%) and on the other hand, 22.7% of them ex-
perienced a decrease in seizure occurrence [2]. Patients usually remain
seizure-free during pregnancy according to several cohorts from dif-
ferent countries (30.8–73.6%) [18,19]. However, in our cohort of re-
fractory patients, more than half had an increase in the frequency of
seizures and only one third did not change the frequency. In addition,
seizure freedom was observed in only 4% of our cohort. These findings
are in line with previous studies who suggested that achieving seizure
freedom or at least seizure control 1-year before conception is a good
predictor of presenting a favorable behavior of epilepsy during preg-
nancy [18,20]. Another explanation can naturally come from the re-
fractory nature of epilepsy that persists throughout gestation. During
pregnancy itself, there may be an exacerbation of seizures due to sev-
eral mechanisms such as AED pharmacokinetics, hormonal changes,
and psychological and behavioral changes like sleep deprivation
[21,22]. Therefore, patients who present a difficult seizure control prior
to conception represent a specific risk group during pregnancy, since
the risk that the frequency of seizures worsen may be greater and un-
derestimated [23]. Neurological outcomes were not associated with
type of seizure, etiology of epilepsy or clinical characteristics. Some
studies suggested that epilepsy prognosis throughout pregnancy could
vary depending on if crises were or focal or generalized. However, this
data is still not so clear and considering that in our study the fact that
epilepsy was always refractory to treatment by itself, it could statisti-
cally minimize the impact of more subtle clinical predictors, like epi-
lepsy features.

In our study, most of patients required dose adjustment. Pregnancy
may reduce plasma concentrations of AEDs, and therefore, any dose
adjustment that is required, usually involves increasing the concentra-
tion of AEDs as the pregnancy progresses [7,24]. Nevertheless, we
found that if AED doses were unchanged, seizure control was statisti-
cally more likely to be achieved. In a previous study of 74 pregnant
patients whose dosages were not modified, seizure frequency was un-
changed in 80% [25]. The fact that increases in doses and/or number of
AEDs were more common in pregnancies with seizures may suggest that
treatment changes in many cases were reactive to seizures, rather than
being made proactively to prevent seizure deterioration [19]. Similarly,
the fact that decreases in doses and/or number of AEDs were associated
with higher odds of reducing seizure frequency and achieving seizure
control reveals that neurologists are inclined to minimize the risks of
antiepileptic medication in patients who might show a clinical im-
provement [7,22]. These results demonstrate the complexity of mana-
ging antiepileptic therapy during pregnancy in drug resistant epilepsy
[26]. No differences were found in neurological outcomes considering
AED type and combination therapy. Definitely, our data suggest that
there might be scope for a more proactive approach in comparing

different antiepileptic medications in larger prospective studies. In fact,
no previous study was dedicated to compare treatment in refractory
epilepsy in pregnancy.

Adherence was an important predictor of patient's clinical outcome
in our study. More than half of women had a less than desirable ad-
herence in our study. Moreover, a poor compliance to treatment was
associated with increased odds of having uncontrolled seizures and
obstetric complications. There is scarcity of published information re-
garding adherence to antiepileptic drugs during pregnancy. Adherence
rates tended to be higher for WWE in these studies because it generally
included patients with well controlled seizures, most of them achieving
seizure freedom and with less comorbidities (the opposite of the char-
acteristics of our cohort) [27,28]. Several reasons have already been
described to influence adherence to epilepsy treatment. Misinforma-
tion, low educational level, perceived stigma, poor social support and
subestimation of the importance of medications could have easily
contributed to the results. Women have concerns regarding the effect of
epilepsy and its treatment on motherhood. Pregnancy itself has already
been associated with an increased risk for non-compliance to pharma-
cological therapy as well. Furthermore, seizure frequency, seizure
control status and long time using AEDs were already associated with
treatment non-adherence [27–29]. Our study suggests that ensuring the
patient is taking the medication correctly may be an important and
"easy" measure to adopt concerning epilepsy prognosis, perhaps even
before considering more complex decisions, like changing the dose or
the number of drugs.

Status Epilepticus (SE) is a major issue in pregnant women with
refractory epilepsy. By contrast, there is a dearth of literature available
on SE occurring in pregnancy over world, with majority being from
obstetric centers. SE is prevalent in 0.6% of all pregnancies. Lu et al.
reported pregnancy-associated SE as 2.1% of all cases of SE and in a
recent cohort study, Rajiv et al. found that SE in pregnancy accounted
for 5% of all SE [30,31]. Our prevalence rate was higher compared to
those few previous studies as our cohort only included drug-resistant
epilepsy cases. Poor control of seizures during pregnancy and low
compliance to treatment were significantly associated with SE. This
finding is consistent with the main risk factors for SE in general po-
pulation [19,32]. Maternal and fetal outcomes were influenced by the
occurrence of SE. Few previous studies that analyzed SE in pregnancy
showed this trend to poor obstetrical outcomes [2]. No stillbirth or
maternal mortality were related to SE. These data confirm previous
observations [7,8] and are in contrast with earlier investigations, which
were probably affected by reporting bias, suggesting high rates of ma-
ternal and fetal mortality in SE during pregnancy. We found an asso-
ciation between use of second generation AEDs and SE. This finding
should be confirmed in a larger study but a possible reason is that in
these cases epilepsy has been more difficult to control so that more
drugs have been tried.

We observed a high prevalence of prematurity and obstetrical
complications in our cohort of patients and, actually, this finding is
consistent with other published studies [33,34]. In 2015, a systematic
review identified 38 studies (2 837 325 women) examining pregnancy
and reproductive outcomes in relation to epilepsy and pregnancy [35].

Table 4
Analysis of clinical variables associated with pregnancy outcomes. Data are expressed in Odds Ratio (95% Confidence Interval).

Malformations
OR (95% CI)

p-value Obstetric complications
OR (95% CI)

p-value Prematurity
OR (95% CI)

p-value Cesaerean
OR (95% CI)

p-value

Etiology 3.2 (0.4 – 21.6) 0.4 0.4 (0.1 – 1.2) 0.2 0.6 (1.2 – 1.9) 0.6 1.2 (0.5 – 3.1) 0.76
Adherence 4.1 (0.4 – 38.4) 0.4 0.3 (0.1 – 0.9) 0.06 0.6 (0.2 – 1.7) 0.5 0.5 (0.2 – 1.2) 0.18
Polytherapy 4.5 (0.4 – 42.6) 0.3 2.8 (1.1 – 7.6) 0.06 2.6 (0.9 – 7.6) 0.09 1.3 (0.5 – 3.2) 0.6
Valproate 2.0 (0.3 – 13.1) 0.8 2.3 (0.8 – 6.5) 0.1 3. (1.1 – 8.9) 0.07 1.7 (0.6 – 4.9) 0.3
Comorbidities 0.5 (0.05 – 5.2) 0.9 4.5 (1.6 – 12.6) 0.006 0.5 (0.1 – 1.4) 0.3 2.1 (0.8 – 5.5) 0.19
Seizure control during pregnancy 0.7 (0.1 – 4.5) 0.8 0.2 (0.07 -0.5) 0.004 0.2 (0.08 – 0.7) 0.01 0.1 (0.06 – 0.5) 0.002
Increased seizures frequency 0.6 (0.09 – 3.8) 0.9 3.2 (1.1 – 8.9) 0.04 1.7 (0.6 – 4.9) 0.3 3.7 (1.5 – 9.2) 0.008
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In WWE compared with women without epilepsy, the odds of sponta-
neous miscarriage, antepartum haemorrhage, hypertensive disorders,
induction of labour, caesarean section, any preterm delivery and post-
partum haemorrhage were increased [35–37]. However, no previous
study specially assessed maternal and fetal outcomes in refractory
epilepsy and therefore, our results show impressive rates of obstetrical
outcomes compared to literature. Many previous cohorts failed to show
an increased risk of such complications [2,35]. We found a statically
significant association between seizure control and seizure frequency
during pregnancy with obstetrical complications and pre-term births.
Adherence to treatment, polytherapy and the presence of multiple co-
morbities were significantly associated with worse obstetrical out-
comes. Polytherapy, regardless of AED type, was previously demon-
strated to be harmful concerning these outcomes [38]. No differences
were noted considering epilepsy etiology, seizures and AEDs types. No
fetal death was detected in our study and in fact and therefore data are
inadequate to support or refute an increased risk of miscarriage in
WWE.

More than half of patients underwent cesarean delivery. An un-
derlying cause includes the increased obstetrical and neurological
complications risk due to refractory epilepsy [35,37,39]. Indeed, in or
study, non-controlled seizures and increased seizures frequency were
associated with higher odds of cesarean section. Another explanation
may come from the lack of intimacy of obstetricians with epileptic
patients, especially regarding the indication of the way of delivery.
Comparing to the women in general, in Brazil, cesarean rates are
variable but markedly elevated: in some regions, it can reaches the
prevalence of 53% [40]. The American Academy of Neurology re-
commendations have suggested a probable increase in the rates of
caesarean section in women exposed to AEDs. However, there is still no
evidence on the optimal timing and mode of delivery in WWE
[1,33,35].

We found a high prevalence of congenital malformations in our
cohort. Data from pregnancy registries have consistently shown, that
the use of certain antiepileptic drugs (AEDs) during pregnancy in-
creases the risk for specific congenital malformations. Petersen et al.
determined that the prevalence of MCM ranges from 2.2%–6.6% [41].
All of the malformations described in our cohort have already been
previously attributed to the use of AEDs [42]. The most common MCM
associated with AEDs are neural tube defects, congenital heart dis-
orders, urinary tract and skeletal abnormalities and cleft palate [3]. It's
also known that in WWE who are taking AEDs, the risk of MCM to the
fetus is dependent on the type, number and dose of AED [43–45]. The
teratogenicity of valproate, in particular, has been well established
[43,46]. However, in or study, those differences could not be verified
due to the size of the sample. Polytherapy was associated with in-
creased odds of MCM compared to monotherapy [6,47]. In fact, in al-
most all cases of malformations the mother was under polytherapy. We
have a high compliance to folic acid supplementation in our study.
Studies evaluating the effects of folic acid supplementation in preg-
nancy on major congenital malformation have shown positive results
[42,48]. However, there is no current consistent standards specific to
WWE about the recommendation for folic acid.

The strengths of this study include that our study database was
prospectively recorded and details could be acquired by a compre-
hensive review of their medical records and by telephone interviews by
neurologists; our analysis provided a large number of comparisons
concerning obstetrical and neurological outcomes (most of studies just
address few aspects of pregnant epileptic patients). Furthermore, we
could perform a detailed monitoring of multiple potential confounding
factors in our research and rigorous definitions of outcomes were ap-
plied [10]. This study has also some limitations that need to be ac-
knowledged to better interpret the results. First, though the sample size
was adequate for comparisons of the main outcomes, it was too small to
perform specific subgroup analysis. Our study was not a population-
based study, and therefore it is unclear to what extent findings can be

generalized. In addition, as an observational study, some variables may
be implicated in the outcomes of pregnancy and epilepsy. Another
possible limitation is that no information was available on serum drug
levels or the reasons for making treatment changes, which remain open
to speculation. However, there is no consensus on when standardised
drug concentration samples should be drawn or how they should be
analysed to best reflect fetal exposure during the critical time window
for teratogenesis [49]. Moreover, treatment decisions are complex, in-
dividualized and may change over time, what makes almost unfeasible
to describe them in this type of study.

5. Conclusions

This study reflects the real experience of women with refractory
epilepsy attending a tertiary neurology clinic in Brazil. A multicentre
study reflecting wider practice in Brazil might achieve more significant
data. Adequate engagement with women with epilepsy is needed during
preconception and pregnancy to plan appropriate management. Poorly
controlled patients with epilepsy may require active management
during pregnancy by their neurologists working closely with ob-
stetricians. Treatment and provision of care depends on quantification
of the risks associated with pregnancy in women with refractory epi-
lepsy. On the basis of our findings, women with refractory epilepsy
should be informed that a significant risk of obstetric and neurological
complications can occur. Patients with refractory epilepsy might have
less odds of being seizure-free during pregnancy when compared to
other types of epilepsy. Further studies concerning refractory epilepsy
in pregnant women are encouraged.
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