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Personalized 
Care for Women 
at Different 
Biological Stages 



PRECONCEPTION PREGNANCY 

• Fertility 
• Contraception 
• Folic acid supplementation 

 

• Structural and cognitive 
teratogenicity 

• Neonatal/Obstetrical outcomes 
• Pharmacokinetic considerations 

POSTPARTUM 

• Seizure provoking factors 
• Pharmacokinetic considerations 
• Breastfeeding 

 



PRECONCEPTION 

• Fertility 
• Contraception 
• Folic acid supplementation 

 



Preconception PLANNING 

1. Ensure adequate contraception (check interactions with ASMs) 
2. Recommend folic acid (1mg daily); consider prenatal vitamin supplementation 
3. Clarify the diagnosis: non-epileptic vs epileptic; focal vs generalized; known 

etiology?; surgical? 
4. Optimize ASM regimen for seizure control and pregnancy outcome:  

1. Consider switching to an ASMs with a better pregnancy outcome profile  
2. Monotherapy preferred to polytherapy 
3. Reduce to minimal effective dose  
4. If polytherapy is necessary, some ASMs are preferable (LTG, LEV) while 

some should be avoided (VPA, PB, TPM) 
5. Determine individualized therapeutic ASM baseline concentration (ASM 

concentration on the minimal effective dose) 

ASM, antiseizure medication; LEV, levetiracetam; LTG, lamotrigine; PB, phenobarbital; TPM, topiramate; VPA, valproic acid. 
Voinescu PE and Pennell PB. Semin Neurol. 2017;37:611–623. Voinescu, P.E., Meador, K.J. Curr Obstet Gynecol Rep. 2022 



Reproductive health and Fertility 
• Reports of higher rates of PCOS and anovulation in WWE1 

• Studies suggest lower birthrate in WWE (Finland) 2 

• Many factors could lower birth rates (lower marriage rates, libido, ovulation) - 
“Ideal World” survey of Epilepsy Action UK women found that 33% not 
considering having children because of their epilepsy3 

 
1. Harden C, Pennell PB. Lancet Neurol 2013; 2. Artama M, Am J Epidemiol 2004; 3. Crawford P, Seizure 2003.  
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3 Site Study 
BWH (Dr. Pennell) 
LIJH (Dr. Harden) 
NYU (Dr. French) 
 

Prospective cohort observational study 
 

Healthy control women (n=100) 
Women with epilepsy on AEDs 

• LTG monotherapy (n=33) 
• LEV monotherapy(n=33) 
• EIAEDs (n=100) 

Results: 

Pennell PB, et al. JAMA Neurology 2018. 

WWE and healthy controls seeking pregnancy had comparable  
ovulatory rates, likelihood and time to achieve pregnancy, 

pregnancy outcomes  



Reproductive health and Fertility 

Prospective cohort observational study – 3 sites: 
 

Healthy control women (n=108) 
Women with epilepsy on ASMs (n=89) 

• LTG monotherapy (n=39) 
• LEV monotherapy (n=25) 
• Strong EI-ASMs mono/polytherapy 

(n=16) 
Results: 

Pennell PB, et al. JAMA Neurology 2018. 

WWE and healthy controls seeking 
pregnancy had comparable  

ovulatory rates, likelihood and time to 
achieve pregnancy, pregnancy outcomes  

• Many studies suggest lower birthrate in WWE – biological or choice? 

• USA: state laws allowed forcible sterilization of WWE until 19561 

• UK: people with epilepsy were not allowed to marry until 19701  

• India: epilepsy was grounds for annulment of marriage until 19992 

 1. WHO. Epilepsy: social consequences and economic aspects; fact sheet 166. 2001; 2. D’Souza C. Epilepsy and discrimination in India. Neur Asia 2004; 9:53.  

Prospective cohort observational study: 
 

No control group 
Women with epilepsy (n=375) 

• Most frequently used ASMs: 
carbamazepine, valproate, 
phenobarbital, phenytoin 

 
Results: 

38.4% WWE had infertillity 
Important predictors: polytherapy, PB use, 

older age and lower education 

Kerala 
Registry of 
Epilepsy and 
Pregnancy 
(1998-2007) 

Sukumaran SC, et al. Neurology 2010 



Choosing the right contraception 

Voinescu PE and Pennell PB. Semin Neurol 2017 

IUD offers a solution for all, OCPs are still an option for many WWE 

http://core.arhp.org/search/searchDetail.aspx?itemId=1404
http://core.arhp.org/search/searchDetail.aspx?itemId=1406


Choosing the right contraception 

Lamotrigine only modestly decreases progestin concentration without 
evidence of ovulation, thus it is safe to be used with low dose OCPs.  

Voinescu PE and Pennell PB. Semin Neurol 2017 

http://core.arhp.org/search/searchDetail.aspx?itemId=1404
http://core.arhp.org/search/searchDetail.aspx?itemId=1406


COCs are effective with LTG, but LTG dose likely needs to be increased. 

Lamotrigine and contraceptives 

EE, ethinyl estradiol; LTG, lamotrigine; OCP, oral contraceptive pills; PG, progesterone; SD, standard deviation. 
1. Sabers A et al. Neurology. 2003;61:570-571. 2. Reimers A et al. Epilepsia. 2005; 46(9):1414-1417. 3. Wegner I et al. Neurology 2009;73(17):1388–93. 

• LTG concentration lower with 
combined OCPs1 

 
• EE, not PG, decreases LTG 

concentration2 
 

• New baseline LTG concentration - 
reached at 8.0 (SD 3.69) days after 
the starts of OCPs3 



Recommend folic acid supplementation 

AEDs, antiepileptic drugs; MCMs, major congenital malformations. 
1. Werler MM et al. JAMA. 1993;269:1257-1261. 2. Meador K et al. Lancet Neurol. 2013;12(3):244–52. 3. Bjørk M et al. JAMA Neurol. 
2018;75(2):160–168.  

Mean (95% CIs) are shown for folate (solid lines) and no folate (dashed lines).  

.  

• Reduced risks of MCMs in the general population1 

• Neurodevelopmental benefits in children exposed to AEDs in utero 

 
- Higher IQ scores with supplementation in pregnancy2  - Lower risk of autistic traits 3 



- Observational study, thus association and not causation; always the potential of a missed confounding factor 
- Large study, yet a rare disease and only 18 cases of pediatric cancer in this cohort 
- The average folate dose for mothers with epilepsy on ASM was 4.3mg daily; they establish that a dose of 3mg was 

associated with a similar risk 

The benefits of folic acid ≤ 3mg supplementation likely outweigh the risks 





Preconception PLANNING 

1. Ensure adequate contraception (check interactions with ASMs) 
2. Recommend folic acid (1mg daily); consider prenatal vitamin supplementation 
3. Clarify the diagnosis: non-epileptic vs epileptic; focal vs generalized; known 

etiology?; surgical? 
4. Optimize ASM regimen for seizure control and pregnancy outcome:  

1. Consider switching to an ASMs with a better pregnancy outcome profile  
2. Monotherapy preferred to polytherapy 
3. Reduce to minimal effective dose  
4. If polytherapy is necessary, some ASMs are preferable (LTG, LEV) while 

some should be avoided (VPA, PB, TPM) 
5. Determine individualized therapeutic ASM baseline concentration (ASM 

concentration on the minimal effective dose) 

ASM, antiseizure medication; LEV, levetiracetam; LTG, lamotrigine; PB, phenobarbital; TPM, topiramate; VPA, valproic acid. 
Voinescu PE and Pennell PB. Semin Neurol. 2017;37:611–623. Voinescu, P.E., Meador, K.J. Curr Obstet Gynecol Rep. 2022 



PREGNANCY 

• Structural and cognitive 
teratogenicity 

• Neonatal/Obstetrical outcomes 
• Pharmacokinetic considerations 



 Antiseizure medications and pregnancy 

Education regarding the risk of ASMs and risk of seizures is important 



Risk of medications 

• Structural teratogenicity 

• Cognitive teratogenicity 

• Neonatal outcomes 

Risk of seizures 

• On the mother 

• On the fetus 

  
  

Risk of attempting to 
optimize the ASM 
regimen 

• Seizure control 

• Side-effects 

Personalized equation: Benefits versus risks 
of ASM during pregnancy 

ASM, antiseizure medication. 
Speaker’s opinion. 
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Timing of certain MCMs 
Tissues Malformations Postconceptional 

age 
CNS Neural tube defect 28 d 

Heart Ventricular septal defect 42 d 

Face 

   

Cleft lip 36 d 

Cleft maxillary palate 47–70 d 

Genitourinary Hypospadias 84 d 

CNS, central nervous system; MCMs, major congenital malformations. 
http://www.columbia.edu/itc/hs/medical/humandev/2004/Chpt23-Teratogens.pdf  

Structural teratogenicity may be irreversible  
by the time the pregnant woman is seen in clinic! 

http://www.columbia.edu/itc/hs/medical/humandev/2004/Chpt23-Teratogens.pdf


Structural 
Teratogenicity 

Neurodevelopmental 
Effects 

PREGNANCY 



Summary of ASM structural & 
neurodevelopmental effects 

• Structural teratogenicity may be irreversible by the time the pregnant woman is seen in clinic 
– Planned pregnancy is key! 

• Rate of MCMs with exposure to ASM monotherapy  - green with no noticeable impact and 
red with negative impact on neurodevelopment 

• Low: LTG, LEV, OXC, ZNS, (LCM, GBP) 

• Medium: CBZ, PHT (CLZ) 

• High: TPM, PB, VPA 

• Rate of SGA – higher for TPM, PB >ZNS 

• Optimize ASM regimen for seizure control and pregnancy outcome:  

• Consider switching to an ASM with a better pregnancy outcome profile  

• Monotherapy preferred to polytherapy 

• Reduce to minimal effective dose  

• If polytherapy is necessary, some ASMs are preferable (LTG, LEV) while some should be avoided 
(VPA, TPM) 

 
 
 
 
 
ASM, antiseizure medication; CBZ, carbamazepine; CLZ, clonazepam; GBP, gabapentin; LEV, levetiracetam; LTG, lamotrigine; MCM, major congenital malformations; OXC, 
oxcarbazepine; SGA, small gestational age; PB, phenobarbital; TPM, topiramate; VPA, valproic acid; ZNS, zonisamide. 
Voinescu PE and Pennell PB. Semin Neurol. 2017;37:611–623. 



Comparative Safety of ASMs During Pregnancy 

ASM, antiseizure medication; EURAP, European Registry of Antiepileptic drugs and Pregnancy; NAAPR, North American Antiepileptic Drug Pregnancy Registry; MCM, major 
congenital malformation. 
Hernandez-Díaz et al. Neurology.aedpregnancyregistry.org/wp-content/uploads/The-NA-AED-Pregnancy-Registry-AES-2020.pdf; Tomson 
2012;78(21):1692–1699 – unpublished updated: https://wwwet al, The Lancet Neurology. 2018;17(6):530–538. 



NAAPR 

www.aedpregnancyregistry.org 



www.aedpregnancyregistry.org 
www.aedpregnancyregistry.org 



Dose-Dependent Risk for Certain ASM Monotherapies 

ASM, antiseizure medication. 
Tomson T, et al. Lancet Neurol. 2018;17:530–538. 



Small gestational age 

 

Hernandez-Diaz et al. Ann Neurol. 2017;82:457–465. 2. Pennel PB et al. Epilepsy Behav. 2012;24:449–456. 

Neonatal Outcomes 

 



NEAD (Neurodevelopmental Effects of 
Antiepileptic Drugs) 
 
• Multicenter prospective, parallel-group 

observational study with statistical control 

• 309 mother/child pairs, enrolled from late 1999 to 
early 2004, from 25 centers in USA & UK 

• Antiepileptic drug (AED) monotherapy:  
• Carbamazepine (CBZ) 
• Lamotrigine (LTG) 
• Phenytoin (PHT) 
• Valproate (VPA) 

• Blinded cognitive assessments: 2, 3, 4.5, & 6 years 
old 

• Primary outcome: IQ at 6 years old 

*NIH/NINDS  #2RO1 NS 38455, NIH/NINDS #1 R01050659, UK Epilepsy Research Foundation #RB219738. IQ, intelligence quotient. 
Meador KJ et al. NEJM 2009;360:1597–1605.  Meador KJ et al. Lancet Neurol. 2013;12:244–52. 
 



Pregnant Women with Epilepsy (n=355), 
compared to 2 control groups: 
 Pregnant healthy controls (n=105) 
 Non-pregnant WWE (n=109) 

Maternal Outcomes 
• Seizures, OB complications, Depression 

Children Outcomes 
•  Neurodevelopment, Neonatal 

complications, Breastfeeding  

With PK modeling for level of exposure 

Multiple-PIs:  
Kimford Meador, MD (Stanford) 
Page B. Pennell, MD (University of 
Pittsburgh) 

Obstetrics Core:  
T. McElrath (BWH), M. Druzin (Stanford) 

Neonatal Core:  L. Van Marter (BWH) Semiology 
Core: J. French (NYU) 
Mood Core: Z. Stowe (U Wisconsin) 
OK Core: A. Birnbaum (U Minnesota) 

Funded by NIH/NINDS,NICHD #U01-NS038455  

Maternal Outcomes &  
Neurodevelopmental Effects of Anti-Epileptic Drugs 
Prospective, 
observational 
study, across 20 
clinical sites 
 



Fetal Exposure to Valproate  
Associated With Lower IQ at Age 6 
 

Mean IQs (95% Difference CIs from VPA) adjusted for 
maternal IQ, AED dose, gestational age and folate 

Meador KJ, et al. Lancet Neurol. 2013;12:244–252. 



NEAD, Neurodevelopmental Effects of Antiepileptic Drugs. LMNDG,    Liverpool and Manchester 
Neurodevelopmental Group 
Meador KJ et al. Lancet Neurol 2013;12:244–52    Baker G et al. Neurology 2015;84(4):382–390 

Dose-dependent IQ differences among  
VPA-exposed subject groups 

Colored dashed lines represent the mean IQ for each group. 

LMNDG study2 NEAD study1 

Carbamazepine 

Phenytoin Valproate 

Lamotrigine 



Risk of autism with AED monotherapy 

AED, antiepileptic drugs; VPA, valproic acid. 
Christensen J, et al. JAMA. 2013;309(16):1696–1703. 

*Risks were same for women on 
VPA < 750 mg/day 



Fetal exposure to levetiracetam is not associated 
with a negative neurodevelopmental effect 

LEV, levetiracetam; LTG, lamotrigine; PHT, phenytoin; VPA, valproate; DCI, confidence intervals for difference from VPA. 
Bromley RL et al. Neurology. 2016;87(18):1943–1953.   

•  Neuropsychological   assessments   were   conducted between 5 
and 9 years of age 

•  Adverse cognitive outcomes were not associated with increasing 
doses of LEV and TPM 



Prescribing Patterns in 
PWWE at MONEAD sites 
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Generalized seizures 
Focal seizures 
Unclassified 

Meador KJ, Pennell PB, May RC, Gerard E, Kalayjian L, Velez-Ruiz N, Penovich P, Cavitt J, French J, Hwang S, Pack A, Sam M, Moore E, Ippolito 
DM, MONEAD Investigator Group. Epilepsy & Behavior 2018. 





Higher ASM levels in the third trimester were 
associated with lower scores for the motor domain 

Higher ASM doses in the third trimester were associated with 
lower scores in the general adaptive domain 



Other important 
recent 
neurodevelopmental 
studies 



Topiramate has significant negative 
neurodevelopmental effects 



My Current Preferential selection of AEDs  
for WWE of childbearing age 

VALPROIC ACID 
PHENYTOIN 

TOPIRAMATE 
PHENOBARBITAL 

OXCARBAZEPINE* 
CARBAMAZEPINE 

ZONISAMIDE* 

 

LAMOTRIGINE 
LEVETIRACETAM 

Increasing Fetal Risk 



Risk of medications 

• Structural teratogenicity 

• Cognitive teratogenicity 

• Neonatal outcomes 

Risk of seizures 

• On the mother 

• On the fetus 

  
  

Risk of attempting to 
optimize the ASM 
regimen 

• Seizure control 

• Side-effects 

Personalized equation: Benefits versus risks 
of ASM during pregnancy 

ASM, antiseizure medication. 
Speaker’s opinion. 



Risk of Seizures 
Generalized Tonic-Clonic Convulsions 

• Maternal & fetal hypoxia & acidosis, fetal brady   

• Miscarriage & stillbirths    

• Developmental delay  (>5 GTCC in pregnancy)  

All seizures:  
• Increased OR for LBW, SGA, preterm delivery (1.3-1.6 fold) 

Status epilepticus 
• 30% maternal mortality; 50% infant mortality 

Maternal Risks 
• Death rate during pregnancy in WWE 10-fold higher (SUDEP) 

• 11.5 OR [95% CI, 8.64-15.19]), of death during delivery hospitalization  

 
Teramo K, et al. J Perinat Med. 1979;7(1):3-6; Vinten J, et al. Neurology 2005;64(6):949-54; Chen YH, et al. Arch Neurol 2009;66(8):979-84; 

Macdonald SC, et al. JAMA Neurol 2015. 
  





McElrath TF et al. Am J Perinatol. 2022 Dec 31. Epub ahead of print. PMID: 35253116. 



Change in Frequency of Seizures that Impair Awareness 
in Pregnant Women vs. Control Women with Epilepsy 

Pennell PB et al. Changes in Seizure Frequency and Antiepileptic Therapy during Pregnancy. N Engl J Med. 2020 Dec 24;383(26):2547-2556.  

MONEAD Study Design for Seizure Outcomes 



Change in Frequency of Seizures that Impair Awareness 
in Pregnant Women vs. Control Women with Epilepsy 

Pennell PB, French JA, May RC, et al. N Engl J Med. 2020 Dec 24;383(26):2547-2556.  



• Evaluated in 23% of PWWE with increased seizures with 
impaired awareness (incl. GTCS) 

• No differences in seizure types, ASM regimen or type 

• Sole risk factor was seizure freedom in 9 months prior to 
conception: 

• Adjusted OR = 0.26, 95% CI [0.14, 0.46], p<0.001). 

Risk Factors for worsening of seizures with impaired 
awareness during pregnancy and peripartum 

Pennell PB, French JA, May RC, et al.. Changes in Seizure Frequency and Antiepileptic Therapy during 
Pregnancy. N Engl J Med. 2020 Dec 24;383(26):2547-2556.  



Variations in Seizure Frequency  
during Pregnancy and Postpartum by Epilepsy Type 

- 99 patients contributing 114 pregnancies  
- Increased seizure frequency during pregnancies of women with : 

 focal vs generalized epilepsy: 21.1% vs 5.3%, OR 4.70; 95% CI (1.00, 22.00); p = 0.0497 
 frontal lobe vs other focal epilepsy: OR 8.00; 95 % CI (2.19, 29.21); p = 0.0017 
 polytherapy vs monotherapy: OR = 8.36, 95% CI = (2.07, 33.84), p = 0.0029 - regardless of the medication or epilepsy 

type 
 Lack vs presence of preconception seizure freedom: OR = 6.418; p = 0.0076  

 
Voinescu PE et al. Neurology Feb 2022, 98 (8) e802-e807 



PREGNANCY - POSTPARTUM 

• Pharmacokinetic 
considerations 



Pharmacokinetic changes in drug 
disposition during pregnancy 

Tomson et al. Epilepsia 2013 ILAE 



Direction of pharmacokinetic changes for antiseizure 
medications during pregnancy 

Lemley RL and Voinescu PE. Queenan’s Management of High-Risk Pregnancy: An Evidence-Based Approach, 7th edition – Chapter 24 

ASM Concentration Clearance 
Timing of Peak 

Clearance 

Carbamazepine No change No change N/A 
Carbamazepine-

Epoxide 
No change No change N/A 

Levetiracetam Decrease Increase 1st trimester 

Lamotrigine Decrease Increase 3rd trimester 

Phenytoin Decrease Increase 3rd trimester 

Phenobarbital Decrease Increase N/A 

Oxcarbazepine Decrease Increase 2nd/3rd trimester 

Topiramate Decrease Increase 2nd/3rd trimester 

Valproate Decrease No change N/A 

Zonisamide Decrease Increase 3rd trimester 



Summary of pharmacokinetic changes 

• The magnitude and time course of pregnancy-related pharmacokinetic changes 
vary for different ASM1-4 

• Dose adjustments are necessary to maintain a pre-conception target 
concentration5 

• A decrease by more than 35% of the preconception baseline is associated with a 
significant increase in seizure frequency1,3 

• Extended-release formulations and twice (or more times) per day dosing are 
preferred to minimize ASM level fluctuations 

 

1. Voinescu PE et al. Neurology 2018;91:e1228-e1236; 2. Johnson et al. Epilep Behav 2014;33:49–53; 3. Pennell et al. Neurology 2007;70(22 Pt 2):2130–6. 4. 
Pennell PB, et al. MONEAD Study Group. JAMA Neurol. 2022;79(4):370-379. 5. Pennell PB, et al. MONEAD Study Group. NEJM. 2020; 383(26):2547-2556 

The Obstetrician is our partner in keeping seizures under control 
during pregnancy by helping with monthly blood drawns to check 

antiepileptic drug serum concentration (level) 



Change in Frequency of Seizures that Impair Awareness 
in Pregnant Women vs. Control Women with Epilepsy 

Pennell PB, French JA, May RC, et al. N Engl J Med. 2020 Dec 24;383(26):2547-2556.  



Suggestions for the management of  
pregnant women with epilepsy 

• 1st TM: Re-dosing if vomiting within 1h, ensure they have 
Ob/MFM care 

• 2nd TM: Detailed structural US 

• 3rd TM: Peripartum and postpartum issues 

oDose AEDs accurately and have the patient bring her 
medications to the hospital (same time/formulation) 

oEpidural anesthesia recommended to allow some periods of 
less than maximal intensity of physical stressors during labor 
and delivery 

o Lorazepam/IV AEDS should be available during labor and 
delivery as needed for acute seizure control 

oDo not neglect psychiatric needs 

 Voinescu PE and Pennell PB. Semin Neurol 2017 

 



POSTPARTUM 

• Seizure provoking factors 
• Pharmacokinetic considerations 
• Breastfeeding 

 



Summary ASM exposure via breastmilk 

• The degree of penetration into breast milk varies for different ASMs 
• Some penetrate in potentially clinically important amounts: PRM, LEV, GBP, LTG, 

TPM 
• Others less so: VPA, PB, PHT, CBZ 

• Significantly lower exposure than in utero (MONEAD data) 

 

ASM, antiseizure medication; CBZ, carbamazepine; GBP, gabapentin; IQ, intelligence quotient; LEV, levetiracetam; LTG, lamotrigine; NEAD, 
neurodevelopmental effects of antiepileptic drugs; MONEAD, maternal outcomes and neurodevelopmental effects of antiepileptic drugs; PB, 
phenobarbital; PHT, phytoin; PRM, primidone; TPM, topiramate; VPA, valproic acid. 
Meador, et al. JAMA Pediatr. 2014;168(8):729–736.  

. 



Mean placental passage of ASMs  
(Umbilical Cord/Maternal blood venous samples) 

Bank, Stowe, Newport, Pennell, Epilepsia 2017.  



Percentage of infant to mother 
plasma concentrations  

Box plots represent 
25%ile and 75%ile. 

 
 40 /54 infants exposed 

to LEV were < LLoQ. 

Birnbaum A, MONEAD, JAMA Neuro, Dec 30, 2019. 



Neurodevelopmental effects of ASMs 
through breastmilk 
• NEAD study and breastfeeding: Age 6 year-old cognitive outcomes 

• 44% of children were breastfed 
• Mean adjusted IQ scores: 

• 4 IQ points higher in the BF group 
• Higher verbal abilities 

 

NEAD, neurodevelopmental effects of antiepileptic drugs 
Meador, et al. JAMA Pediatr. 2014;168(8):729–736.  

. 



Suggestions for delivery/postpartum period 
• Dose ASMs accurately 

• Have the patient bring her medications to the hospital (same time/formulation) 

• Epidural anesthesia recommended; allows periods of less than maximal intensity of 
physical stressors during labor and delivery 

• Lorazepam/IV ASMs should be available during labor and delivery as needed for 
acute seizure control 

• Risk for seizures may be increased peripartum (sleep deprivation) 

• Postpartum ASM tapers are established based on individual factors 

• Breastfeeding is supported, with possible neurodevelopmental benefits, but with 
implementation of strategies to lessen sleep deprivation 

• Counseling about signs of depression and action plans if symptoms develop 

• Safety precautions with the newborn (no co-sleeping, bathing the baby alone) 

• Confirm postpartum contraception 

ASM, antiseizure medication; IV, intravenous. 
Voinescu PE and Pennell PB. Semin Neurol 2017;37:611–623. 



THANK YOU! 
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