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Abstract: Data from literature suggest that the rate of caesarean section (CS) in women with epilepsy
(WWE) is higher than in the general population. In Poland, there is neither a national registry
nor another data set to access the outcome of pregnancy in WWE. Therefore, we address this gap
by prospectively studying CS rates among 1021 WWE pregnancies at a single centre, their trends
over time, and factors increasing the likelihood of the CS. To determine whether the diagnosis of
epilepsy itself increased this likelihood, mixed models were used to analyse the contributions of
specific variables, including the presence of seizures at different pregnancy-related timepoints. Over
20 years, the mean rate of CS in WWE was progressively growing and was higher than in the general
population in Mazovia (47% vs. 32%). Generalized seizures in the third trimester increased the
likelihood of CS with the highest odds (OR 4.4). The most frequent indication for a CS was obstetric
(58.1%), followed by epilepsy-related (25.2%). Almost half of women who indicated epilepsy as
the sole reason for CS had no seizure during pregnancy, and nearly 70% did not have generalized
seizures. This suggests the overuse of epilepsy as an indication of CS and encourages defining more
strict criteria.
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1. Introduction

The incidence of caesarean section delivery (CS) in the general population is increasing
worldwide, although CS is a major surgical procedure associated with short- and long-term
health risks to both the mother and infant [1]. In addition, according to new research
from the World Health Organization (WHO), those rising rates may suggest an increasing
number of medically unnecessary procedures [2].

Epilepsy is one of the most common chronic neurological disorders during preg-
nancy [3–6]. Although pregnancy in women with epilepsy (WWE) may be considered a
high-risk obstetrical condition, most WWE have uneventful pregnancies, have a relatively
low risk of complications during labour and delivery, and can deliver vaginally (VD) [7].
However, increased CS, labour induction, and other obstetric interventions have been
reported [8–15]. As all chronic conditions have been found to increase the likelihood of
CS [16], epilepsy itself may play a role. Furthermore, the frequency of seizures may change
and significantly affect the course of pregnancy and delivery [17,18]. In addition, women
with active epilepsy undergo planned CS more frequently [15,19,20].

There is not much information on whether there is an increasing parallel trend
over time of CS rates in WWE, likewise in the general population. However, most
publications show that CS is performed more frequently in WWE than in the general
population [9,14,19,21,22]. The reason for this is not apparent and probably involves multi-
ple factors, but publications investigating these reasons are scarce.
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The threat of seizures during delivery and their potential consequences may be the
most important reason for concern for both WWE and clinicians and may influence their
preference for CS. However, around half of WWE do not have seizures during their
pregnancy [23–26]. Thus, it is unclear whether CS in WWE is performed because of
seizures during pregnancy or because of the diagnosis of epilepsy itself, regardless of
seizure occurrence.

In Poland, there is neither a national registry for WWE nor other data sets to access the
outcome of pregnancy in WWE. In one study from Poland, half of 171 pregnancies among
WWE were reported to be delivered by CS [27]. Therefore, with long-term observation of
a large cohort of WWE, we address this gap by studying the CS rates among WWE, their
trends over 20 years, and factors increasing the likelihood of CS.

To determine if the diagnosis of epilepsy itself is overused as an indication of CS for
WWE, we studied the actual documented reasons for CS, which is a novel approach. In
addition, we hope to provide useful information that may guide clinical practices at the
intersection of neurology and obstetrics.

2. Materials and Methods
2.1. Study Design

Data on delivery mode were prospectively collected at the outpatient tertiary Epilepsy
Centre in Warsaw (Mazovia County, Poland), along with other information on pregnancy in
WWE that resulted in births between January 2000 and December 2019. Data were recorded
throughout pregnancy and postpartum through a standardized form created in 2000 and
stored in an electronic institutional database. It was initially aimed to assess the maternal
and neonatal outcomes.

The inclusion criteria for this study were pregnant women with an established diagno-
sis of epilepsy who gave birth, with enrolment before 16 weeks of gestation, regular once
per trimester clinical follow-up, postpartum period visit up to six months, and who were
willing to participate in the study. The exclusion criteria were women with nonepileptic
seizures or those unable to provide consent.

We included multiple pregnancies as women’s profiles differed enough to be con-
sidered independently as per age, antiseizure medications (ASM) use, parity, seizure
occurrence, mode of delivery, and birth outcome.

Patients were informed of the study purpose and the anonymity of their data and
were assured that medical treatment decisions were independent of their provision of
informed consent or preference not to participate in the study. Written or oral informed
consent was obtained from all participants. The study was approved by the local ethics
committee (Centre of Postgraduate Medical Education, Warsaw, Poland, approval number
124/PB/2019).

2.2. Data Collection

Data for analysis included maternal demographic and obstetric information, namely
epilepsy type, seizure type, its occurrence, use of antiseizure medications, maternal age at
conception, gravidity, gestational week, presence of congenital malformation, and mode
of delivery. Maternal baseline data and information on the occurrence of seizures during
pregnancy were prospectively collected during visits by the physicians. Data on seizures
occurring one year prior to pregnancy were collected retrospectively through medical
records and clinical interviews. Seizures were classified under the new operational classifi-
cation [27]. We analysed the presence of seizures of any type (focal and generalized) within
one year prior to pregnancy and during the entire pregnancy. Given the potentially most
significant impact of seizures in the third trimester on the decision on the mode of delivery,
the presence of generalized seizures was studied separately in this period. For analysis
purposes, generalized seizures included only focal-onset to bilateral tonic-clonic seizures
and generalized-onset tonic-clonic seizures.
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Data on ASM use during pregnancy were recorded in each trimester of pregnancy.
ASM use was categorized as no drug use, monotherapy (if one ASM was used), and
polytherapy (if two or more ASMs were used).

The primary outcome was the mode of delivery, and the secondary outcome was
indications for CS. Generally, they are reported as either elective or emergent. Employing a
different approach, our analysis presents the actual documented reason for the CS. Based
on the birth medical records of the WWE, the indications for CS were divided into three
categories: obstetric, epilepsy-related, and other indications. Epilepsy-related indications
given by the obstetrician as an indication for caesarean section include a diagnosis of
epilepsy per se, regardless of seizure occurrence.

The study’s endpoints were (1) associations between factors related to the use of CS in
the WWE deliveries cohort and (2) differences in CS rates among WWE and in the general
population of women in Mazovia. To calculate CS rates as a comparator, we used the
number of deliveries (physiological and CS deliveries) in Mazovian County hospitals in
the period 2000–2019. These data were available in publications of the Mazovia Centre of
Public Health [28] and annual reports of the National Health Found [29]. This collection
contains information on 1,108,053 deliveries among the entire Mazovia population.

2.3. Statistics

All calculations were performed in the R 3.6.0 statistical package (R Foundation for
Statistical Computing, Vienna, Austria). The unit of analysis was total deliveries of WWE.
Quantitative variables are presented as the mean and standard deviation, median and
interquartile range (IQR) or range. For categorical variables, percentages were calculated
for individual factors and the number of patients in each category. The Mann–Whitney
U test was used to compare the values of numerical variables in the two groups. The
two categorical variables were compared using Fisher’s exact test or the chi-square test.
One-way mixed models with random intercepts for patients were used to identify the
factors influencing the likelihood of CS. Based on these models, the values of the odds
ratios (ORs) for CS were calculated. The ORs for individual models are presented as a
forest plot. Correlations between year and the CS rate, as well as indications and the year of
the study period, were investigated using a linear regression model. To identify differences
in mean caesarean section rates according to data sources, the Kruskal–Wallis test and post
hoc Dunn tests were applied.

3. Results
3.1. Study Sample

The total number of WWE pregnancies entered in the database between 2000 and
2019 was 1572. In total, 363 were lost to follow-up, and 184 were excluded due to miscar-
riages. Due to a small number, four forceps/vacuum deliveries were excluded. Finally,
1021 deliveries in 864 WWE were analysed. A total of 248 WWE entered the analysis more
than once.

The average maternal age was 28.55 years, ranging between 17 and 45 years. Most
WWE (64%) had focal epilepsy, and the rest had generalized epilepsy. The majority were
primiparous (65.8%). A large majority of WWE (91.6%) gave birth on time between 37- and
42-weeks’ gestation, 8.1% gave birth prematurely before the 37th week, and 0.3% after the
due date.

Data comprising the percentages of any type of seizure and generalized seizures
occurring within one year prior to conception, during the entire pregnancy, and during
the 3rd trimester in WWE who gave birth vaginally or by CS are presented in Table 1.
Any type of seizure one year prior to conception occurred in 47% of WWE and 52% in the
entire pregnancy. During pregnancy, 28.3% had a generalized seizure, with only 11% in the
third trimester.
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Table 1. General clinical descriptive of WWE pregnancies and according to the mode of delivery (n = 1021).

Vaginal Delivery Caesarean Section p
Variable n Mean SD n Mean SD

Maternal age at delivery (years) 521 28.04 4.91 500 29.02 4.51 0.002 1

Gestation week 521 39.14 1.95 500 38.41 2.14 <0.001 1

Total deliveries n % n %
n %

Treatment at conception
No ASMs 144 14.1 85 16.3 59 11.8

0.057
0.019

Monotherapy 711 69.6 360 69.1 351 70.2
polytherapy 166 16.3 76 14.6 90 18

Treatment in 1st trimester
No ASMs 131 12.8 80 15.4 51 10.2

0.019
0.008

Monotherapy 724 70.9 365 70.1 359 71.8
polytherapy 166 16.3 76 14.6 90 18

Treatment in 2nd trimester
No ASMs 142 13.9 86 16.5 56 11.2

0.02
0.004

Monotherapy 724 70.9 366 70.2 358 71.6
polytherapy 155 15.2 69 13.2 86 17.2

Treatment in 3rd trimester
No ASMs 131 12.9 79 15.2 52 10.4

0.042
0.003

Monotherapy 728 71.3 373 71.6 355 71.2
polytherapy 161 15.8 69 13.2 92 18.4

Any type of seizures 1 year
prior to conception

No 165 53.0 89 56 76 50
0.273Yes 146 47.0 70 44 76 50

Generalized seizures 1 year
prior to conception

No 498 88.0 262 90.7 236 85.2
0.044Yes 68 12.0 27 9.3 41 14.8

Any type of seizures
during pregnancy

No 488 48.0 278 53.5 210 42
<0.001Yes 532 52.0 242 46.5 290 58

Generalized seizures
during pregnancy

No 731 71.7 401 77.1 330 66
<0.001Yes 289 28.3 119 22.9 170 34

Generalized seizures in the
3rd trimester

No 787 89.0 430 93.9 357 83.8
<0.001Yes 97 11.0 28 6.1 69 16.2

Twin pregnancy No 1007 98.6 519 51.5 488 48.5
0.006 2

Yes 14 1.4 2 14.3 12 85.7

Malformations
No 948 92.9 485 94.5 463 91.3

0.1314 3Major 24 2.4 9 1.8 15 3
Minor 48 4.7 19 3.7 29 5.7

1 Mann–Whitney U test, significance bolded. 2 Fisher’s exact test. 3 Chi-square test. ASM—antiseizure medication.

The numbers and percentages of pregnancies delivered vaginally and by CS according
to epilepsy treatment at conception and in the 1st, 2nd, and 3rd trimesters of pregnancy are
presented in Table 1. The majority of women were treated with ASM. The percentage of
untreated varied, depending on the period of pregnancy, from 12.8% to 14.1%.

The detailed clinical description of the WWE pregnancies is presented in Table 1.

3.2. Comparison of CS vs. VD Deliveries in WWE

Over the study period, there were 500 (49%) CSs and 521 (51%) VD among the WWE.
WWE who delivered by CS significantly more often than WWE who gave birth vaginally
were older (p = 0.002) and had a lower gestational week at delivery (p < 0.001), had more
seizures of any type, as well as generalized seizures in all trimesters (p < 0.001). The
association between pre-pregnancy epileptic seizures and caesarean section was not shown
to be statistically significant (p > 0.05).

In each trimester of pregnancy, monotherapy was the most commonly used treatment
regimen in both the CS group and the WWE who gave birth vaginally. In all trimesters, a
higher proportion of women treated (either with monotherapy or polytherapy), compared
to untreated women, had a CS. However, at conception, such a relationship was found
only for women treated with polytherapy. The detailed clinical description of the WWE
pregnancies according to delivery mode is presented in Table 1.
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3.3. CS Rate and Its Changes over Time in WWE and the Mazovia General Population

Over the period 2000–2019, the mean CS rate for the epilepsy centre was 47.1 (SD 14.26;
range 18.92–65.67) and was significantly higher than the mean CS rate for the Mazovia
County population—32.35 (SD 7.7; range 18.95–42.09), p = 0.001. The annual CS rates for
the epilepsy centre and the Mazovia population over the 20 years are shown in Figure 1.
According to regression analysis, CS rates were significantly affected by both the year
and source of the delivery data (WWE cohort and the general population of Mazovia).
Among the WWE at the epilepsy centre, there was an increase in the CS rate from 18.92%
to 57.58%, with a linear increase of 1.89% annually (95% confidence interval (CI): 1.15–2.63,
p < 0.001), over the 20-year study period. In the Mazovia County population, the CS rate
increased from 18.95% to 41.71%, with a linear increase of 1.28% annually (95% CI: 1.19–1.38,
p < 0.001) in the years 2000–2019.
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Figure 1. Linear regression of caesarean section rate by year for patients in the epilepsy centre (WWE)
and the general population of Mazovia County.

The number of deliveries in Mazovian County hospitals in the period 2000–2019 for
analysis was obtained from publications of the Mazovia Centre of Public Health [28] and
annual reports of the National Health Found [29].

3.4. Analysis of Factors Related to CS in WWE Deliveries

The effects of individual factors on the performance of CS described below (seizures,
AES treatment, gestational week at delivery, parity, primiparity, twin pregnancies) were ex-
amined using one-way mixed-effects models. Individual tendencies for CS were considered
for each patient (Table 2).

3.4.1. Seizures

In the WWE, the relationship between any type of seizure pre-pregnancy and CS was
not statistically significant. However, the odds of a CS were almost twice as high (1.97) in
WWE who had generalized seizures one-year prior to pregnancy than in those without
generalized seizures (Table 2). The occurrence of any type of seizure during pregnancy was
significantly associated with CS (p < 0.001). Additionally, there was a progressive increase
in the likelihood of a CS in cases of generalized seizures, with an almost 4.5-fold increase in
the 3rd trimester (Figure 2). Only two patients had seizures during labour that motivated a
CS delivery.
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Table 2. Factors associated with caesarean section.

Variable Odds Ratio p-Value

Generalized seizures in the 3rd trimester 4.42 <0.001

Twin pregnancy 4.10 0.022

Polytherapy in the 3rd trimester 2.71 0.003

Polytherapy in the 2nd trimester 2.55 0.004

Polytherapy in the 1st trimester 2.38 0.008

Generalized seizures any time during pregnancy 2.13 <0.001

Polytherapy at conception 2.08 0.019

Generalized seizures 1 year prior to pregnancy 1.97 0.044

Monotherapy in the 1st trimester 1.85 0.019

Any seizure any time during pregnancy 1.82 <0.001

Monotherapy in the 2nd trimester 1.81 0.020

Monotherapy in the 3rd trimester 1.70 0.042

Monotherapy at conception 1.60 0.057

Seizures 1 year prior to pregnancy 1.32 0.273

Parity 0.96 0.821

Primiparity 0.89 0.703

Gestational week 0.78 * <0.001
* 1/0.78 = 1.27, significance bolded. Coefficients of one-way mixed-effects models explaining the occurrence of
caesarean section; The odds ratios (OR) and p-values for each prepared model ranked from most to least common.
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3.4.2. Antiseizure Treatment

The likelihood of CS according to antiseizure treatment is presented as odds ratios
and p-values in Table 2. Polytherapy at each point of observation (at conception and in
trimesters 1, 2, and 3) progressively increased the likelihood of CS compared to no therapy.
Monotherapy had a lower but more stable effect on the likelihood of CS than no therapy in
each trimester, but the effect was not significant at conception.

3.4.3. Gestational Week at Delivery

The mode of delivery was significantly correlated with the gestational week. The
mean gestational week at delivery was significantly lower for WWE who underwent CS
than for WWE who had a vaginal delivery (mean: 38.41 vs. 39.14 weeks, p < 0.001) (Table 1).
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The logistic mixed-effects regression analysis showed that the duration of pregnancy signif-
icantly influenced whether CS was performed (OR 0.78; p < 0.001). With each gestational
week increase in pregnancy duration, the patient’s likelihood of undergoing a CS decreased
by approximately 1.3 fold (Table 2).

3.4.4. Parity

A mixed logistic model was used to analyse the probability of CS. In this model, it
was assumed that the probability of pregnancy ending by CS is influenced by the number
of pregnancies the patient has had. The individual probability of CS in each woman was
also considered. According to the model, the number of pregnancies experienced by the
patient does not affect the likelihood of CS.

3.4.5. Twin Pregnancies

Analysis by Fisher’s exact test revealed that the mode of delivery was affected by twin
pregnancy and that the relationship was significant (Table 1). The vast majority (85.7%) of
twin pregnancies ended in CS. The twin pregnancy significantly affected the probability of
CS (OR 4.1) (Table 2).

To summarize, seizures in the 3rd trimester and twin pregnancies were the most
crucial among all factors increasing the likelihood of CS.

3.5. Indications for CS

The indications for CS were determined for 485 pregnancies out of 500 in the WWE
cohort. There was more than one indication in 4.9% (24) of deliveries. The most frequent
indications for CS were obstetric (282; 58.1%), followed by epilepsy-related (140; 28.9%)
and other indications (85; 17.5%). The most common obstetric indications were prolonged
and obstructed labour (30.5%) and foetal distress (19.1%). Among other indications, neuro-
logical ones were most common (36.5%). Detailed obstetric and other non-epilepsy-related
indications for CS are listed in Table 3.

Table 3. Summary of obstetric and other than epilepsy-related indications for caesarean section.

Indications for Caesarean Section

Obstetric Other

n % n %

Prolonged and obstructed labour 86 30.5
Neurological: cerebral palsy, aneurysm, tumour,

brain/brainstem cavernoma, hemiparesis, haemorrhage
Arnold-Chiari syndrome

31 36.5

Foetal distress 54 19.1 Orthopaedic: hip dislocation/joint dysplasia/instability,
spine defect 17 20

Abnormal positioning 36 12.8 Ophthalmic: myopia, retinal detachment 16 18.8

Cephalic-pelvic disproportion 27 9.6 Internal/metabolic 8 9.4

Previous caesarean section 25 8.9 Psychiatric/mental state: psychosis, psychogenic
seizures, mental impairment, uncooperativeness 8 9.4

Urogenital tract infections, uterine defects,
in vitro fertilization 14 5.0 Cardiac: heart defect, circulatory failure, hypertension 5 5.9

Placenta/amniotic fluid disorder 12 4.3

Preeclampsia/eclampsia 11 3.9

Multiparity 10 3.5

Foetal malformation/stillbirth 4 1.4

Abnormal intrauterine growth 3 1.0

Total 282 100 85 100

Indications ranked from the most common to the least frequent.
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Seizure Occurrence during Pregnancy According to the Group of Indications for CS

Among 265 WWE for whom the decision to perform CS was based solely on obstetric
indications, 136 (51.3%) had any type of seizure during pregnancy, and 27.7% (n = 73)
had generalized seizures. In the group of patients with other indications for CS (70), the
rates of seizure occurrence were similar (any type of seizure, 51.4% n = 36: generalized
seizures, 27.1% n = 19). Among pregnancies in which an epilepsy-related reason was the
only indication for CS (123), 54.9% (n = 67) had any type of seizure throughout the entire
pregnancy, and 31.1% (38) had generalized seizures.

To summarise, the occurrence of any type of seizure, as well as generalized seizures
during pregnancy regardless of the group of indications, were roughly comparable.

3.6. Relationship between CS Indication and Year of the Study Period from 2000–2019

To check whether the distribution of indications for caesarean section has changed
over the 20 years, a linear regression model was used for each indication. There was no
significant effect of year on CS for any of the indications: (obstetrical indication, OR—0.86;
p = 0.170; epilepsy-related, OR—1.19; p = 0.139; other OR 2.71; p = 0.131). So, the tendency
to perform a caesarean section for any three reasons (obstetric, seizure, other) has not
changed over time.

4. Discussion

The results are based on the analysis of a single centre, but they can shed light on
the application of CS in Poland, as our study comprises a large cohort of WWE over an
extended observation period. This allowed us to address the gap of the CS rates among
WWE, their trends over 20 years, and factors increasing the likelihood of the CS, as well as
indications for CS in Poland.

Over the study period, the mean CS rate in our cohort was 47.1%. An increased rate of
CS in WWE is common across worldwide studies [8,16,17,20,30–32] but not consistent [33–35].
Differences in methodology, group size, and study period in recent decades do not always
allow a direct comparison. In our study, the CS rate was higher than the reported rates
in other European countries (19.8%; [32]; 37.6% [18]) and Australia (39.2%) [16] in the last
decade but lower than in Taiwan (54.5%) [17]. Our high rate may, to some extent, reflect
the increasing percentage of CSs in the general population of Poland, leading to what is
now one of the highest CS rates in Europe, exceeding 40% [29,36].

Over 20 years, the rate of CSs in the WWE at our centre has progressively increased,
and at every point of observation it was higher than that in the general population in
Mazovia County (32.3%). Our increasing trend is in line with a recent meta-analysis
that indicated a global trend towards increasing CS rates among WWE over time, with
significant geographical variability [37]. The exception is in a Norwegian study based on
data from a national registry: although an increase in elective CSs in WWE was observed,
there was no increase over time [11]. However, compared to other European countries,
Norway has very low CS rates overall and among WWE [36].

Given that caesarean section is a medical procedure with potential adverse conse-
quences, it is essential to establish whether such a high rate, increasing over time globally,
is justified.

Our analysis showed that a number of factors were significantly associated with an
increase in the likelihood of CS, such as seizures, twin pregnancy, ASM treatment, and
a gestational week at delivery. In a similarly long observation of nearly 20 years, but
based on a registry study, Vajda [16] similarly found twin pregnancies to be associated
with an increase in the likelihood of CS, but not seizures or ASM treatment. However,
the effect of mono or polytherapy is rarely assessed in the literature, with inconsistent
results [16,17,20,38]. In our patients, polytherapy at every stage of pregnancy was an
important factor affecting the likelihood of CS.

In most studies based on national registries, seizures are rarely considered, as it is not
always possible to do so [16]. Notably, this single-centre analysis allowed us to consider
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the impact of various types of seizures throughout pregnancy and pre-pregnancy on the
mode of delivery. This analysis highlights the significant impact of the type of seizure and
the time of its occurrence on the decision to perform a CS. While the occurrence of any type
of seizure one year prior to pregnancy did not significantly impact CS, the occurrence of
pre-pregnancy generalized seizures almost doubled the likelihood of a CS. At each stage
of pregnancy, the occurrence of any type of seizure, especially a generalized seizure, was
associated with an even greater likelihood of CS, with the highest odds (4.5 times higher)
in the third trimester. In a Brazilian study [38], CS in women with drug-resistant epilepsy
was correlated with increased seizure frequency and poor seizure control; however, no
information on seizure type or pregnancy stage was included. Therefore, our observation
may be important in daily practice and emphasizes the need to optimize seizure control,
especially for generalized seizures, in pregnancy.

Very few studies have addressed the reasons or indications for CSs in WWE [16–18].
Generally, they are reported as either elective or emergent. However, this approach in
WWE does not seem to address clearly what is the relation of seizure occurrence or other
factors related to epilepsy with elective CS. Therefore, we have attempted to assess the
causes reported in the medical records as related to epilepsy, which allegedly suggests the
presence of seizures.

Obstetric indications in our patients, which are the most common group of CS indi-
cations, accounting for nearly 60% of CSs, do not raise doubts in terms of why CS is the
chosen delivery mode; however, when epilepsy-related factors are the only reason for a CS,
one may wonder whether the frequent performance of CSs is justified. Epilepsy-related
indications accounted for more than one-quarter of CS indications in our study. The inci-
dence of any type of seizure, as well as generalized seizures alone, was only slightly higher
among women with epilepsy-related indications than among those with obstetric and other
indications. When the former subgroup was analysed in more detail, it was found that
almost half of the women had no seizures throughout their entire pregnancy and that
nearly 70% did not have generalized seizures. This finding suggests that CS delivery may
not have been fully justified.

Many obstetricians and neurologists, fearing seizures during delivery, choose preven-
tive CS, thereby maintaining the notion that epilepsy in pregnancy is an indication for
CS, regardless of existing recommendations. International guidelines recommend vagi-
nal delivery for WWE [9,38–41]; however, elective CS may be considered for those with
seizures during labour or in cases of a lack of cooperation [42] and in a small proportion of
WWE with significant deterioration in terms of seizures that are recurrent and prolonged
throughout pregnancy [39,41]. Only 16.2% of women with CS deliveries had generalized
seizures in the third trimester in our group. Moreover, only two of them had generalized
seizures during labour ending in CS, which is in line with the observation that seizures do
not commonly occur during labour [3,22].

The tendency to perform CS for any three reasons (obstetric, seizure, other) has not
changed over the 20-year study period. It seems that the belief that epilepsy is an indication
for CS is well established and has persisted over time among obstetricians, neurologists,
and patients, which is in line with recent observations of an Australian registry-based study
over 19 years [16]. Thus, education is needed. Knowledge of pregnancy-related issues in
Poland regarding the WWE of reproductive age is still unsatisfactory. Slightly less than
40% of women believe that epilepsy alone is not an indication for CS [43,44].

Moreover, in addition to the medical reasons for higher CS rates among WWE, pro-
posed non-nonmedical reasons include causes not strictly related to medical needs, such as
policies promoting subsequent CS and patient/obstetrician-related factors (e.g., maternal
request, tocophobia, fear of malpractice accusations), in the general population of women
and obstetricians [45]. These reasons may also apply to WWE. As tocophobia is becoming
a growing obstetric problem in the general population [46], further research is needed to
determine how this phenomenon may play an even greater role in WWE.
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Our study has some limitations. A single-centre study located in Mazovia, the largest
county in Poland allowed us to accumulate detailed information on a large cohort of
WWE; however, it might not be representative of Poland. As a reference centre, we are
likely to have more patients with more severe epilepsy under our care. However, there is
no systemic care for pregnant WWE in Poland, so there is no other source of structured
data. Moreover, our group comprised quite a considerable number of WWE with more
than one pregnancy. However, they differed substantially for several factors such as age,
parity, AED profile, seizure frequency, pregnancy, birth outcomes, etc., so they could be
considered independently.

5. Conclusions

From 2000 to 2019, the rates of CS among WWE have progressively increased, and
the CS rate in WWE is higher than that in the general population in Mazovia, Poland.
Although the presence of generalized seizures, especially in the third trimester of pregnancy,
substantially increases the odds of CS, the actual incidence of seizures is relatively low.
It does not justify such frequent use of CS, including in women whose only reason for
CS is an epilepsy-related indication. These findings fill gaps in our understanding of this
problem in Poland and have potential wider application at the interface of neurology and
obstetrics. The results may encourage more careful monitoring of pregnancies among
WWE, treatment optimization, and more well-defined indications for CS.

Author Contributions: Conceptualization, B.M.-Z. and J.J.; Methodology, B.M.-Z. and J.J.; Writing—original
draft, B.M.-Z. and J.J. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Local Ethics Committee) of Centre of Postgraduate Medical
Education, Warsaw, Poland (approval number 124/PB/2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are stored in an electronic institutional database at Epilepsy
Diagnostic and Therapeutic Center, Foundation of Epileptology, Warsaw, Poland.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Sandall, J.; Tribe, R.M.; Avery, L.; Mola, G.; Visser, G.H.; Homer, C.S.; Gibbons, D.; Kelly, N.M.; Kennedy, H.P.; Kidanto, H.; et al.

Short-term and long-term effects of caesarean section on the health of women and children. Lancet 2018, 392, 1349–1357. [CrossRef]
2. WHO Statement on Caesarean Section. Available online: https://www.who.int/reproductivehealth/publications/maternal_

perinatal_health/cs-statement/en/ (accessed on 15 January 2022).
3. Sveberg, L.; Svalheim, S.; Taubøll, E. The impact of seizures on pregnancy and delivery. Seizure 2015, 28, 35–38. [CrossRef]

[PubMed]
4. Linton, A.; Peterson, M.R. Effect of preexisting chronic disease on primary cesarean delivery rates by race for births in U.S.

military hospitals 1999–2002. Birth 2004, 31, 165–175. [CrossRef] [PubMed]
5. Borthen, I.; Eide, M.G.; Veiby, G.; Daltveit, A.K.; Gilhus, N.E. Complications during pregnancy in women with epilepsy:

Population-based cohort study. BJOG 2009, 116, 1736–1742. [CrossRef] [PubMed]
6. Pennel, P.B. Epilepsy. In Management of High-Risk Pregnancy, 5th ed.; Queenan, J.T.S.C., Lockwood, C.J., Eds.; Blackwell Publishing

Ltd.: Malden, MA, USA, 2007; pp. 201–209.
7. Artama, M.; Gissler, M.; Malm, H.; Ritvanen, A. Drug, pregnancy G. Effects of maternal epilepsy and antiepileptic drug use

during pregnancy on perinatal health in offspring: Nationwide, retrospective cohort study in Finland. Drug Saf. 2013, 36, 359–369.
[CrossRef] [PubMed]

8. Razaz, N.; Tomson, T.; Wikstrom, A.K.; Cnattingius, S. Association between pregnancy and perinatal outcomes among women
with epilepsy. JAMA Neurol. 2017, 74, 983–991. [CrossRef] [PubMed]

http://doi.org/10.1016/S0140-6736(18)31930-5
https://www.who.int/reproductivehealth/publications/maternal_perinatal_health/cs-statement/en/
https://www.who.int/reproductivehealth/publications/maternal_perinatal_health/cs-statement/en/
http://doi.org/10.1016/j.seizure.2015.02.020
http://www.ncbi.nlm.nih.gov/pubmed/25746572
http://doi.org/10.1111/j.0730-7659.2004.00301.x
http://www.ncbi.nlm.nih.gov/pubmed/15330878
http://doi.org/10.1111/j.1471-0528.2009.02354.x
http://www.ncbi.nlm.nih.gov/pubmed/19781049
http://doi.org/10.1007/s40264-013-0052-8
http://www.ncbi.nlm.nih.gov/pubmed/23615755
http://doi.org/10.1001/jamaneurol.2017.1310
http://www.ncbi.nlm.nih.gov/pubmed/28672292


J. Clin. Med. 2022, 11, 2622 11 of 12

9. Harden, C.L.; Hopp, J.; Ting, T.Y.; Pennell, P.B.; French, J.A.; Hauser, W.A.; Wiebe, S.; Gronseth, G.S.; Thurman, D.;
Meador, K.J.; et al. Management issues for women with epilepsy-focus on pregnancy (An evidence-based review): I. obstetrical
complications and change in seizure frequency: Report of the quality standards subcommittee and therapeutics and technology
assessment subcommittee of the American academy of neurology and the American epilepsy society. Epilepsia 2009, 50, 1229–1236.
[CrossRef]

10. Kelly, V.M.; Nelson, L.M.; Chakravarty, E.F. Obstetric outcomes in women with multiple sclerosis and epilepsy. Neurology 2009,
73, 1831–1836. [CrossRef]

11. Danielsson, K.C.; Gilhus, N.E.; Borthen, I.; Lie, R.T.; Morken, N.H. Maternal complications in pregnancy and childbirth for
women with epilepsy: Time trends in a nationwide cohort. PLoS ONE 2019, 14, e0225334. [CrossRef]

12. Jadhav, S.V.; Jadhav, V.K. Comparative study of obstetric outcome in epileptic and non-epileptic pregnant women. Ind. Med. Gaz.
2003, 147, 352–355.

13. Olafsson, E.; Hallgrimsson, J.T.; Hauser, W.A.; Ludvigsson, P.; Gudmundsson, G. Pregnancies of women with epilepsy:
A population-based study in Iceland. Epilepsia 1998, 39, 887–892. [CrossRef] [PubMed]

14. Pilo, C.; Wide, K.; Winbladh, B. Pregnancy, delivery, and neonatal complications after treatment with antiepileptic drugs. Acta
Obstet. Gynecol. Scand. 2006, 85, 643–646. [CrossRef] [PubMed]

15. Richmond, J.R.; Krishnamoorthy, P.; Andermann, E.; Benjamin, A. Epilepsy and pregnancy: An obstetric perspective. Am. J.
Obstet. Gynecol. 2004, 190, 371–379. [CrossRef] [PubMed]

16. Vajda, F.; O’Brien, T.J.; Graham, J.E.; Hitchcock, A.A.; Kuhn, R.J.; Lander, C.M.; Eadie, M.J. Cesarean section in Australian women
with epilepsy. Epilepsy Behav. 2018, 89, 126–129. [CrossRef] [PubMed]

17. Yeh, C.C.; Lussier, E.C.; Sun, Y.-T.; Lan, T.-Y.; Yu, H.-Y.; Chang, T.-Y. Antiepileptic drug use among women from the Taiwanese
registry of epilepsy and pregnancy: Obstetric complications and fetal malformation outcomes. PLoS ONE 2017, 12, e0189497.
[CrossRef] [PubMed]

18. Borthen, I.; Eide, M.G.; Daltveit, A.K.; Gilhus, N.E. Obstetric outcome in women with epilepsy: A hospital-based, retrospective
study. BJOG 2011, 118, 956–965. [CrossRef]

19. Soontornpun, A.; Choovanichvong, T.; Tongsong, T. Pregnancy outcomes among women with epilepsy: A retrospective cohort
study. Epilepsy Behav. 2018, 82, 52–56. [CrossRef]

20. Veiby, G.; Daltveit, A.K.; Engelsen, B.A.; Gilhus, N.E. Pregnancy, delivery, and outcome for the child in maternal epilepsy. Epilepsia
2009, 50, 2130–2139. [CrossRef]

21. Melikova, S.; Bagirova, H.; Magalov, S. The impact of maternal epilepsy on delivery and neonatal outcomes. Childs Nerv. Syst.
2020, 36, 775–782. [CrossRef]

22. Battino, D.; Tomson, T.; Bonizzoni, E.; Craig, J.; Lindhout, D.; Sabers, A.; Perucca, E.; Vajda, F.; EURAP Study Group. Seizure
control and treatment changes in pregnancy: Observations from the EURAP epilepsy pregnancy registry. Epilepsia 2013,
54, 1621–1627. [CrossRef]

23. Chen, Y.-H.; Chiou, H.-Y.; Lin, H.-C.; Lin, H.-L. Affect of seizures during gestation on pregnancy outcomes in women with
epilepsy. Arch. Neurol. 2009, 66, 979–984. [CrossRef] [PubMed]

24. Mawer, G.; Briggs, M.; Baker, G.A.; Bromley, R.; Coyle, H.; Eatock, J.; Kerr, L.; Kini, U.; Kuzmyshcheva, L.; Lucas, S.B.; et al.
Pregnancy with epilepsy: Obstetric and neonatal outcome of a controlled study. Seizure 2010, 19, 112–119. [CrossRef]

25. Thomas, S.V.; Syam, U.; Devi, J.S. Predictors of seizures during pregnancy in women with epilepsy. Epilepsia 2012, 53, e85.
[CrossRef] [PubMed]

26. Bosak, M.; Song, B.H.; Dewerenda-Sikora, M.; Słowik, A.; Lasek-Bal, A. Obstetric and neonatal outcomes in women with epilepsy
in Poland—A two-centre study. Neurol. Neurochir. Pol. 2020, 54, 62–65. [CrossRef] [PubMed]

27. Fisher, R.S.; Cross, H.; French, J.A.; Higurashi, N.; Hirsch, E.; Jansen, F.E.; Lagae, L.; Moshe, S.L.; Peltola, J.; Roulet, E.; et al.
Operational classification of seizure types by the international league against epilepsy: Position paper of the ILAE commission
for classification and terminology. Epilepsia 2017, 58, 522–530. [CrossRef] [PubMed]

28. Pyza, I.; Rzeczkowski, T. Mazowieckie Centrum Zdrowia Publicznego: Opracowanie Dotyczące Porodów i Noworodków w Latach
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41. Jędrzejczak, J.; Bomba-Opoń, D.; Jakiel, G.; Kwaśniewska, A.; Mirowska-Guzel, D. Managing epilepsy in women of childbearing
age—Polish society of epileptology and Polish gynecological society guidelines. Ginekol. Pol. 2017, 88, 278–284. [CrossRef]

42. Donaldson, J.O. Neurological disorders. In Medical Disorders in Obstetric Practice, 4th ed.; Swiet, M.D., Ed.; Blackwell Science Ltd.:
London, UK, 2002; pp. 486–489.
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