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Summary
Background:
Antenatal care of women with epilepsy is varied. There is a need to quantify the association of epilepsy and anti-epileptic drug exposure with pregnancy outcomes to guide management. 
Methods: 
We undertook a systematic review of observational studies to assess the odds of maternal and fetal complications (excluding congenital malformations), by comparing pregnant women with and without epilepsy; and sub-grouped based on anti-epileptic drug exposure in women in epilepsy. Electronic databases were searched (1990 – 2015) without any language restrictions. We summarised the association as odds ratio (OR) with 95% confidence intervals (CI) using random effects meta-analysis. 
Findings:
We included 38 studies (2,837,325 pregnancies) published in 39 articles. Women with epilepsy vs. those without (2,809,984 pregnancies), had increased odds of spontaneous miscarriage (OR 1.54, 95% CI 1.02-2.32, I2=67%), antepartum haemorrhage (OR 1.49, 95% CI 1.01-2.20, I2=37%), postpartum haemorrhage (OR 1.29, 95% CI 1.13-1.49, I2=41%), hypertensive disorders (OR 1.37, 95% CI 1.21-1.55, I2=23%), induction of labour (OR 1.67, 95% CI 1.31-2.11, I2=64%), caesarean section (OR 1.40, 95% CI 1.23-1.58, I2=66%), any preterm birth (<37 weeks) (OR 1.16, 95% CI 1.01-1.34, I2=64%), and fetal growth restriction (OR 1.26, 95% CI 1.20-1.33, I2=1%). In women with epilepsy, intake of anti-epileptic drugs vs. no drug exposure (934,443 pregnancies) increased the odds of postpartum haemorrhage (OR 1.33, 95% CI 1.16-1.54, I2=0%), induction of labour (OR 1.40, 95% CI 1.05-1.85, I2=28%), fetal growth restriction (OR 3.51, 95% CI 1.23-10.01, I2=77%) and admission to the neonatal intensive care unit (OR 1.42, 95% CI 1.13-1.78). Women on anti-epileptic drug polytherapy additionally had an increase in the odds of caesarean section (OR 1.47, 95% CI 1.07-2.02, I2=1%).  There was no association of epilepsy or anti-epileptic drug intake in pregnancy with preterm delivery, gestational diabetes, or fetal death.  

Interpretation:
There is a small but significant association of epilepsy, exposure to anti-epileptic medication and adverse outcomes in pregnancy. The risks to mother and baby quantified in our review should be employed for counseling.
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Introduction
Epilepsy is one of the common chronic conditions affecting women of reproductive age.1, 2 The rates of maternal death are ten-fold higher in women with epilepsy than those without the condition.3 Care of women with epilepsy continues to be fragmented, with few units providing joint obstetric-epilepsy care.4 The Confidential Enquiries into Maternal and Child Health in the UK highlighted that epilepsy was not always perceived as a high-risk condition in pregnancy.5 Adequate engagement with women diagnosed to have epilepsy is needed during pre-conception and pregnancy to plan appropriate management.5 

Quantification of the risks associated with pregnancy in women with epilepsy is essential for appropriate counselling and provision of care. Current evidence tends to be focussed on fetal harm from in-utero anti-epileptic drug (AED) exposure, or on severity of maternal seizures, with less emphasis on other pregnancy outcomes.6 Individual studies provide varied and imprecise estimates of the association between epilepsy and pregnancy complications such as miscarriage, preterm delivery, antepartum and post-partum bleeding, caesarean section, fetal growth restriction and admission to neonatal intensive care unit.7-10 Existing guidelines on women with epilepsy have indicated a possible association between epilepsy and pregnancy complications based on few small studies.11-13 

We undertook a systematic review of literature by collating the available evidence to generate precise estimates of the association of epilepsy in pregnancy, with or without exposure to anti-epileptic drugs, with reproductive outcomes.  



Methods
Our review was conducted in line with the current methodological recommendations using a prospective protocol to enable compliance with the PRISMA guidelines in reporting (Appendix 1).14 

Search strategy and study selection
We searched the electronic databases Medline, Embase, Cochrane, AMED and CINAHL from 1990 to January 2015 without language restrictions.  The searches were supplemented with manual searches of the reference lists of all included primary studies, and relevant review articles. We used the search terms ‘pregnan*’, ‘obstetric*’ or ‘wom*’ and combined with ‘anti-epilep*’, ‘AED’, ‘anticonvuls*’ or ‘epilep*’ to represent the population, and combined them with terms relevant to the outcomes such as ‘pregnan* outcome*’, ‘adverse pregnan* outcome*’, ‘obstetric* complicat*’, ‘pregnan* disorder*’ or ‘obstetric* outcome*’(see full search strategy in Appendix 2).  

We selected studies using a two-stage process.  First, two independent reviewers (LV and JA) screened the titles and abstracts to identify eligible studies; this was followed by retrieval and assessment of the full texts of the relevant citations. Any disagreements were resolved after discussion with a third reviewer (FC). We included studies on pregnant women with epilepsy, which assessed the risk of obstetric complications in the antenatal, intra partum or postnatal period, and any neonatal complications. The following maternal outcomes were assessed: spontaneous miscarriage, induction of labour (IOL), caesarean section, antepartum haemorrhage (APH), postpartum haemorrhage (PPH), any preterm birth (<37 weeks) or early preterm birth (< 34 weeks), hypertensive disorders and gestational diabetes. The following fetal and neonatal outcomes were assessed: fetal death, fetal growth restriction that included both low birth weight and small for gestational age babies, admission to the neonatal intensive care unit (NICU) and perinatal death. For all outcomes, we used the definitions provided by the authors. Low birth weight was defined as birth weight less than 2.5 kg in the studies. When data were provided for both low birth weight and small for gestational age fetus, we chose the latter. We excluded studies that only evaluated the risk of congenital abnormalities in the fetus, seizures deterioration in pregnancy or long-term adverse maternal and child outcomes, without providing any data on reproductive outcomes. We excluded abstracts, case reports, case series, in vitro or animal studies. 

Quality assessment and data extraction 
We assessed the methodological quality of the included studies using the Newcastle Ottawa Scale for risk of bias in the selection and comparability of cohorts, and in outcome assessment.15 Two independent reviewers (LV and JA) undertook quality assessment and allocated stars for adherence to the pre-specified criteria. Studies that scored four stars for selection, two stars for comparability and three stars for ascertainment of the outcome were regarded to have a low risk of bias. Studies with two or three stars for selection, one for comparability and two for outcome ascertainment were considered to have a medium risk of bias. Any study with a score of one for selection or outcome ascertainment, or zero for any of the three domains was deemed to have a high risk of bias. 

Data were extracted in duplicate (LV and JA) with pre-designed data extraction forms. Dichotomous data were extracted as 2x2 tables and continuous data as means and standard deviations. When the same cohort was reported twice, we extracted data from the most recent study with the largest sample size for relevant outcomes.

Statistical analysis
We compared the odds of maternal and perinatal complications in pregnant women in the following groups: women with epilepsy vs. women without epilepsy; anti-epileptic drugs treatment vs. no treatment in women with epilepsy; and anti-epileptic drugs polytherapy vs. monotherapy in women with epilepsy.  Pregnancy was the unit of analysis. We reported the results obtained after pooling individual study estimates using a random effects meta-analysis as odds ratio (OR) with 95% confidence intervals (CI). Heterogeneity was assessed using the I2 statistic. 

We undertook subgroup analyses planned a priori for any differences in the association of epilepsy and pregnancy outcomes based on the following factors: economic status of the country (developed or developing countries according to International Monetary Fund),  year of publication (pre 2000 or post 2000), study quality (high or low) and proportion of women with epilepsy who were exposed to anti-epileptic drugs (<30% or ≥30%). We created funnel plots by plotting the natural logarithm of the ORs against the inverse of the standard error to assess publication and related bias. We statistically checked for the asymmetry of the funnel plot by using Egger's method.  All analyses were undertaken using Revman statistical software and Stata 13.0. 16, 17 



Role of the funding source
We received funding from the European Union made available to the EBM-CONNECT Collaboration through its Seventh Framework Programme, Marie Curie Actions, International Staff Exchange Scheme (Proposal no. 101377; Grant Agreement no. 247613), which contributed to LV’s travel to the UK; EBM-CONNECT Canadian Collaborators received funding from the Canadian Institutes of Health Research. No funders played a role in the planning and execution of this work or in drafting of the manuscript.

Results
From 7050 citations, we selected 89 abstracts for detailed evaluation (Fig 1). Thirty-eight studies published in 39 articles7-10, 18-52 involving 2,837,325 pregnancies met our inclusion criteria. Of the 50 excluded articles, six were reviews, 16 did not have extractable data, ten had inappropriate population and outcomes, and in 18 studies no comparative data were available.

 Characteristics of the included studies
Thirty one studies (2,809,984 pregnancies) 7-10, 18-20, 22-25, 27-29, 31-33, 36-47, 50-52 provided rates of adverse outcomes for women with epilepsy, compared to those without epilepsy. Eleven studies (934,443 pregnancies) 7, 9, 10, 19, 20, 27, 30, 33, 44, 46, 51, 52 provided relevant outcome data on pregnant women with epilepsy exposed and not exposed to anti-epileptic drugs, and eight studies (839,380 pregnancies) 7, 10, 20, 26, 30, 31, 44, 46 on women with epilepsy exposed to anti-epileptic drug polytherapy compared to monotherapy. Of the 38 primary studies, 13 studies 21, 26, 27, 29, 31, 34-36, 42-44, 48, 49 were prospective and 25 were retrospective.7-10, 18, 19, 22-25, 28, 30, 32, 33, 37-41, 45-47, 50-52 Data were obtained from population based cohorts in 21 studies, 8, 9, 19-21, 28, 30-32, 34, 36, 37, 40-45, 47-49 and from registry data in 17 studies. 7, 10, 18, 22-27, 29, 33, 35, 38, 39, 46, 50-52 

The definition of epilepsy and the type of anti-epileptic drugs exposure varied between the studies. Four fifths (32/38) 7, 9, 10, 18-21, 23-30, 32, 34-38, 40-46, 48-52 of the studies included women on anti-epileptic drugs such as carbamazepine, topiramate, lamotrigine, valproate and phenytoin. Very few studies provided rates of maternal and fetal outcomes for the individual drugs. Three quarters (29/38) of the included studies were published after 2000 7-10, 19-22, 24-36, 39, 44-48, 50-52, and most of them (28/38) were conducted in a developed country setting 7-10, 19-22, 24, 26, 27, 29-35, 37, 38, 41-43, 46-49, 51, 52 (Appendix 3).

Quality of the included studies
Quality assessment by the Newcastle Ottawa Scale showed that more than half (60.5 %, 23/38) 7, 9, 19, 20, 22, 25-28, 30, 33-36, 38-40, 43, 45, 49-52 of  the included studies had low or medium risk of bias (Fig 2, Appendix 4).  Thirty three of the 38 included studies (86.8 %) had low risk of bias for study selection,7-10, 18-23, 25-28, 30, 33-46, 48-52, 2.6 % had medium risk (1/38) 24 and 10.5 % (4/38) had high risk of bias. 29, 31, 32, 47 For comparability of the cohorts, more than a third of the studies (15/38, 39.5 %) had low risk, 7, 9, 19, 20, 22, 25, 27, 28, 30, 33, 34, 36, 40, 50-52 18.4 % had medium risk (7/38),26, 35, 38, 39, 43, 45, 49 and 42.1 % (16/38) 8, 10, 18, 21, 23, 24, 29, 31, 32, 37, 41, 42, 44, 46-48 had high risk of bias. The risk of bias for outcome assessment was low in 92.1 % (35/38) of studies, 7-10, 18-28, 30-39, 41-46, 48-52 medium in 2.6 % (1/38) 40 and high in 5.3 % (2/38) of the studies. 29, 47 



Epilepsy and pregnancy outcomes
Maternal outcomes
Thirty one studies reported maternal complications in women with epilepsy. 7-10, 18-20, 22-25, 27-29, 31-33, 36-47, 50-52  The odds of the following maternal outcomes were increased in pregnant women with epilepsy compared to those without epilepsy: spontaneous miscarriage (OR 1.54; 95% CI 1.02-2.32, I2=67%), antepartum haemorrhage (OR 1.49; 95% CI 1.01-2.20, I2=37%), postpartum haemorrhage (OR 1.29; 95% CI 1.13-1.49, I2=41%), hypertensive disorders (OR 1.37; 95% CI 1.21-1.55, I2=23%), induction of labour (OR 1.67; 95% CI 1.31-2.11, I2=64%), caesarean section (OR 1.40; 95% CI 1.23-1.58, I2=66%) and any preterm birth (<37 weeks) (OR 1.16; 95% CI 1.01-1.34, I2=64%). There were no differences between the two groups for early preterm birth (OR1.96; 95% CI 0.97-3.99, I2=69%), or gestational diabetes (OR 0.99; 95% CI 0.53-1.83, I2=73%) (Fig 3). 

The fetal and neonatal outcomes were evaluated in 21 studies. 8-10, 18, 22-25, 27, 32, 33, 38-41, 43, 44, 46, 47, 50, 52 The odds of delivering a baby with fetal growth restriction were increased in women with epilepsy compared to women without epilepsy (OR 1.26; 95% CI 1.20-1.33, I2=1%) (Fig 3). Other infant outcomes such as fetal death (OR 1.27; 95% CI 0.73-2.20, I2=52%), perinatal death (OR 1.83; 95% CI 0.79-4.25, I2=39%) and admission to the neonatal intensive care unit (OR 2.06; 95% CI 0.97- 4.37, I2=88%) were not increased.

Exposure to anti-epileptic drugs and pregnancy outcomes 
Eleven studies (934,443 pregnancies) studied the association between anti-epileptic drug exposure in pregnant women with epilepsy and maternal and fetal outcomes 7, 9, 10, 19, 20, 27, 30, 33, 44, 46, 51, 52 (Fig 4a).  The odds of postpartum haemorrhage (OR 1.33; 95% CI 1.16-1.54, I2=0%) and induction of labour (OR 1.40; 95% CI 1.05-1.85, I2=28%) were significantly higher in pregnant women with epilepsy exposed to anti-epileptic drugs compared to those not on medications. There were no significant differences between the two groups for caesarean section (OR 1.25; 95% CI 0.96-1.61, I2=60%), antepartum haemorrhage (OR 1.21; 95% CI 0.46-3.21, I2=70%), spontaneous miscarriage (OR 2.96; 95% 0.82-10.6, I2=0%), any preterm births before 37 weeks of gestation (OR 1.12; 95% CI 0.85-1.48, I2=19%) and hypertensive disorders (OR 1.03; 95% CI 0.69-1.55, I2=63%). 

There were no differences between the two groups of women with epilepsy, exposed or not exposed to anti-epileptic medication, for fetal death (OR 0.98; 95% CI 0.37-2.64, I2=15%). Admission to the neonatal intensive care unit was reported in one study, which showed an increase in the odds in women exposed to the medication (OR 1.42; 95% CI 1.3-1.78). The odds of fetal growth restriction (OR 3.51; 95% CI 1.23-10.01, I2=77%) were significantly higher in pregnant women with epilepsy exposed to anti-epileptic drugs compared to those not on medication.

Anti-epileptic drugs polytherapy and pregnancy outcomes
Eight studies (839,380 pregnancies) 7, 10, 20, 26, 30, 31, 44, 46 assessed the association between exposure to more than one anti-epileptic drug in pregnancy (polytherapy) and maternal and fetal complications, compared to monotherapy (Fig 4b).  Caesarean section was increased in women on polytherapy (OR 1.47; 95% CI 1.07, 2.02, I2=1%) compared to those on monotherapy. There were no differences between the two groups in the odds of induction of labour (OR 1.36; 95% CI 0.97, 1.90, I2=0%), any preterm births before 37 weeks’ gestation (OR 1.47; 95% CI 0.91, 2.38, I2=20%), antepartum haemorrhage (OR 1.01; 95% CI 0.46, 2.22, I2= NA) and postpartum haemorrhage (OR 0.91; 95% CI 0.57, 1.46, I2=0%).

Polytherapy was not associated in any fetal or neonatal outcomes such as fetal death (OR 1.37; 95% CI 0.34, 5.48, I2=0%), admission to the NICU (OR 1.45; 95% CI 0.92, 2.27) and fetal growth restriction (OR 1.44; 95% CI 0.60, 3.47, I2=54%). 

Assessment of heterogeneity and publication bias
Subgroup analysis based on country economic status, publication year, risk of bias, and proportion of women with epilepsy exposed to anti-epileptic drugs did not show significant differences between women with epilepsy and women without the diagnosis for caesarean section, antepartum haemorrhage, induction of labour, early preterm births <34 weeks, hypertensive disorders, gestational diabetes and fetal growth restriction (Table 1). There were significant differences between the groups based on the risk of bias for admission to Neonatal Intensive Care Unit (NICU) (p<0.0001) and any preterm birth < 37 weeks (p=0.01); publication year for postpartum haemorrhage (p=0.007), admission to Neonatal Intensive Care Unit (NICU) (p<0.0001) and fetal death or stillbirth (p=0.001); the country status for perinatal death (p=0.04) and exposure to anti-epileptic drugs for spontaneous miscarriage (p=0.002). 

There were no differences in the odds of any adverse outcome between the subgroups based on risk of bias, country status or year of publication for exposure to anti-epileptic drugs in pregnant women with epilepsy, and for polytherapy with anti-epileptic drugs. 
 
Funnel plot asymmetry was assessed for the outcomes that had at least ten studies. We did not observe evidence of small studies effect for any of the outcomes and epilepsy, except for any preterm birth, which showed a slightly asymmetrical funnel plot (p=0.039). 
 
Discussion
Our meta-analysis has provided precise quantitative estimates of the magnitude of association between epilepsy in pregnancy, anti-epileptic drugs exposure, and various maternal and fetal outcomes. In pregnant women, a diagnosis of epilepsy is associated with a small but significant increase in adverse pregnancy outcomes such as antepartum and postpartum haemorrhage, spontaneous miscarriage, hypertensive disorders, induction of labour, caesarean section, any preterm birth <37 weeks and fetal growth restriction. In women with epilepsy, exposure to anti-epileptic drugs is associated with an increase in the odds of postpartum haemorrhage, induction of labour, fetal growth restriction and admission to the neonatal intensive care unit. Our review has provided the much-needed information on epilepsy and obstetric outcomes, and will aid in the counselling of women with epilepsy and their partners, during the pre-conceptual and antenatal period.

Our review, to our knowledge, is the first comprehensive evaluation of the association of epilepsy and anti-epileptic drugs exposure with pregnancy outcomes by meta-analyses. We undertook a detailed search without language restrictions, thereby increasing our potential to capture all the relevant studies. The review was undertaken with a prospective protocol, and we pre-specified the relevant subgroups to explore the sources of heterogeneity. The qualities of the studies were assessed in detail and we evaluated the effect of study quality on the results. We were able to provide results with high precision for epilepsy and outcomes due to the large sample size. 

The studies varied in the characteristics of the population, aetiology of epilepsy, details of anti-epileptic drugs therapy such as type, dose and compliance, and the definition of outcomes. Due to the inconsistency and paucity of reporting, we were unable to explore the effects of seizures, parity, smoking status, congenital abnormalities in the fetus, type and dose of anti-epileptic drug and underlying medical conditions on the results. Fewer studies were published on exposure to anti-epileptic drugs than epilepsy and pregnancy outcomes, contributing to a lower precision in the findings involving this group. There was insufficient evidence to provide estimates of adverse outcomes for various individual anti-epileptic drugs and their dosage. 

Current recommendations for the care of mothers with epilepsy are based on few observational studies. 11-13 In the UK, the NICE (National Institute for Health and Care Excellence) guidance reported on the increased risk of preterm delivery, caesarean section and induction of labour, and no changes in the rates of perinatal deaths in women with epilepsy based on the findings of three individual studies.12 In the US, the American Academy of Neurologists (AAN) recommendations have suggested a probable increase in the rates of caesarean section and fetal growth restriction in women with epilepsy, and in those on anti-epileptic drugs. 13 All guidelines have consistently highlighted the lack of robust evidence in this area.

A diagnosis of epilepsy, and exposure to anti-epileptic drugs were significantly associated with increased induction of labour and caesarean section. 7, 20, 29, 46 The proportion of women with significant seizure deterioration requiring delivery is too low to account for this phenomenon. Many other factors such as the perception of epilepsy as a chronic disease, uncertainty in management, an increase in rates of antepartum haemorrhage, hypertensive disorders and fetal growth restriction and a low threshold for intervention may have contributed to this rise. 7, 20  The observed increase in hypertensive disorders in pregnant women with epilepsy was consistent with the findings of the individual studies that adjusted for maternal education, smoking, diabetes, underlying medical condition, and maternal age. 53 

We did not observe any association between the presence of epilepsy or anti-epileptic drug exposure with fetal and neonatal mortality, despite including pregnancies with congenitally malformed fetuses. It is likely that the odds will be even lower if these pregnancies with congenital malformation of the fetus were excluded. The increased complications such as stillbirth and neonatal intensive care unit admission in the pre-2000 published studies could be attributed to the adverse effects of older anti-epileptic drugs, improvements in clinical care in recent years or to the poor quality of reporting in older studies. 

Based on our findings, women with epilepsy, and those on anti-epileptic drugs, should be informed that there is a small but significant risk of obstetric complications. Regular monitoring of pregnant women with epilepsy in the antenatal period is essential for early detection of hypertensive disorders and growth-restricted fetuses. 

Prospective studies and registries need to focus on pregnancy outcomes in addition to congenital malformations.  Further evaluation is needed on the relationship between seizure control in pregnancy, individual anti-epileptic drugs and their dosage, and pregnancy complications. 

Healthcare professionals should incorporate the estimates for various reproductive outcomes quantified by our review, while counselling women with epilepsy. 
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