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Objective: Valproic acid is the most high-risk teratogenic antiepileptic drug, and it may lead to fetal major congenital malformations. However, it is still used in women of childbearing age with epilepsy. The aim of this study was to report our experience of discontinuing or lowering valproic acid by adding levetiracetam, a low-risk teratogenic antiepileptic drug.

Methods: We reviewed the medical records of childbearing age female patients with epilepsy who were treated with valproic acid initially and then switched to levetiracetam. The clinical profiles were recorded. The primary outcome was successful switching, which was defined as a decrease in the daily valproic acid dosage, after levetiracetam had been added.

Results: Twenty-four female patients were enrolled (median age 22 years). The successful switching rate was 83.3% (20/24), and 55% (11/20) discontinued valproic acid after levetiracetam had been added. There were no significant differences between the successful and unsuccessful groups in etiology, electroencephalogram, and magnetic resonance imaging findings. Pharmacoresistant to levetiracetam was much higher in the unsuccessful group (45 vs. 100%). The median switching duration was 19.5 months in the successful group. There were improvements in metrorrhagia and alopecia in all of the patients in the successful group after valproic acid had been tapered.

Conclusions: Our experience supports switching valproic acid to levetiracetam in childbearing age women with epilepsy as an effective strategy to lower the teratogenic rate and adverse effects. A long switching period was noted in this study. We suggest starting early in childbearing age women with epilepsy.
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INTRODUCTION

Seizure control and antiepileptic drug-related fetal congenital malformations, cognitive impairment and autism spectrum are concerns for women with epilepsy (WWE) when facing pregnancy. A cross-sectional study in the USA reported that half of all pregnancies are unplanned (1). When facing this situation, some women choose to stop taking antiepileptic drugs abruptly due to fears of related fetal effects. According to data from EURAP (European and International Registry of Antiepileptic Drugs in Pregnancy), discontinuing or switching antiepileptic drugs during pregnancy may lead to further seizures compared to those who continue treatment (2). The key predictive factor has been reported to be good seizure control in the year prior to pregnancy, and the risk of seizures during pregnancy has been reported to be 3–4 times higher in women who have seizures in the year prior to pregnancy (3). Planning for pregnancy with good seizure control using low-risk teratogenic antiepileptic drugs and avoiding unplanned pregnancies are the most important issues in WWE. However, how best to plan and manage with high-risk teratogenic drugs has yet to be determined.

Meadow et al. first reported an association between antiepileptic drugs and congenital malformations (4). The first pregnancy registry, International Lamotrigine Pregnancy Registry (5), was established in 1992, and there are currently six national and international pregnancy registries (5–10). According to these studies, antiepileptic drugs can be classified as having a high or low risk of teratogenicity (11). Valproic acid (VPA) is classified as being a high-risk for teratogenicity (9), and it has been associated with increased rates of offspring cognitive impairment and autism disorders (12–16). Moreover, both congenital malformations and cognitive impairment have been reported to be dose dependent (12, 17, 18). Levetiracetam, a new antiepileptic drug with a low-risk for teratogenicity (19), has been proven to be effective for juvenile myoclonic epilepsy (20), and to have a similar efficacy in the treatment of new-onset epilepsy to VPA (21). Its use has also been suggested in pregnancy (22). In a literature review, no published articles were found about the success rate of shifting antiepileptic drugs in WWE planning pregnancy. Therefore, the purpose of this article was to share our experience in shifting VPA to levetiracetam in WWE of childbearing age.



PATIENTS AND METHODS

We retrospectively reviewed the medical records of WWE who were treated with VPA initially and then shifted to levetiracetam at Chang Gung Children's Hospital, Linkou Branch from January 2002 to December 2018. Women who were not within childbearing age, had poor compliance with antiepileptic drugs, had a follow-up period of <12 months, and those with incomplete clinical information were excluded. Childbearing age was defined as between 15 and 49 years according to World Health Organization (23).

The demographic data, epilepsy etiology, onset age, treatment duration before switching, baseline seizure frequency, antiepileptic drugs, electroencephalograms, and brain imaging studies were documented. The baseline seizure frequency was calculated as the mean number of seizures per month within 3 months before switching from VPA. The reasons for switching, pre-switching seizure condition, VPA dosage before switching and every month thereafter, and any adverse effects of the antiepileptic drug were also recorded.

The primary outcome was successful switching, which was defined as a 50% decrease in the daily VPA dosage (mg/kg/dose) at the last clinic visit compared with pre-switching VPA dosage. The secondary outcome was defined as a decrease in the frequency and severity of adverse effects, which were assessed according to the medical records of pediatric neurological and obstetrics-gynecology outpatient clinics. This study was approved by the Chang Gung Memorial Hospital Institutional Review Board (201701598B0).



RESULTS

Twenty-six female patients were enrolled, of whom two were excluded (one was not within childbearing age, and the other lacked clinical information). The median age was 22.5 years, and the median disease onset age was 9.5 years. Most of the women had juvenile myoclonic epilepsy (n =11), followed by unclassified epilepsy (n = 3), autoimmune encephalitis (n = 3), frontal lobe epilepsy (n = 2), temporal lobe epilepsy (n = 2), benign childhood epilepsy with centrotemporal spikes (n = 1), hypoxic-ischemic encephalopathy (n = 1), post-traumatic brain injury (n = 1). Thirteen patients (54.2%) had pharmacoresistant epilepsy. Seven patients (29.2%) had positive brain magnetic resonance imaging findings, of whom four had hippocampal sclerosis, two had brain atrophy, and one had a pineal gland cyst. Nineteenth patients (79.2%) presented with focal epileptic discharges on interictal electroencephalography, two were generalized, and three were negative (Table 1). Ten patients (42%) switched antiepileptic drugs because they were planning to become pregnant, eight (33%) due to poor seizure control, and six (25%) due to adverse effects. The median pre-switch treatment period was 9 years, and the patients took a median of three antiepileptic drugs before switching, mostly VPA, clonazepam, and clobazam. The median baseline seizure frequency before switching was 0.25 times per month, and most of them presented with generalized tonic-clonic seizures. Minor seizures included staring, myoclonic, and eye blinking. Twenty of the 24 patients (83.3%) were classified into the successful switching group, and the median duration to complete switching drugs in this group was 19.5 months (Table 2). The median pre-switch VPA dosages were 11.5 and 6 mg/kg/day in the successful and unsuccessful groups, respectively. The baseline seizure frequencies were 0.25 times and 1 time per month in these two groups, respectively. At the last clinical follow-up after switching, the median VPA dosages were 0 and 17.6 mg/kg/day in the successful and unsuccessful groups, respectively (Table 2). The median levetiracetam dosage at last clinical visit was 9.4 and 14.6 mg/kg/day on successful and unsuccessful group. And the maximum levetiracetam dosage in this two groups were 38.6 and 29.8 mg/kg/day, respectively.


Table 1. The characteristics and etiologies of the 24 childbearing age women with epilepsy.
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Table 2. The switching efficacy of valproic acid to levetiracetam in 24 childbearing age women with epilepsy.
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There were no major seizure attacks in the last 3 months in either group at last clinical follow-up, except in one of the cases with juvenile myoclonic epilepsy. The median switching duration was 19.5 months, and the VPA dose could be reduced to below 10 mg/kg/dose in a median of 6 months in the successful group (Table 2 and Figure 1).
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FIGURE 1. The figures show the antiepileptic drug switching time-dosage graph. The x-axis represents months after switching, and the y-axis represents valproic acid (VPA) dosage (mg/kg/day). In the successful group, most cases achieved a low VPA dosage (below 10 mg/kg/day) in 6 months in non-symptomatic epilepsy group (A,B), comparing with symptomatic epileptic group (C). In the unsuccessful group (D), the VPA was added back at median 8 months after switching.


The VPA adverse effect rates were similar in the two group (63.2 vs. 60%) before switching, most of which were alopecia, irregular menstruation, hand tremors, menorrhagia, and polycystic ovaries syndrome. The adverse effect rate reduced to 0% in the successful group, but was still 60% in the unsuccessful group (Table 2). In the successful group, it took a median 6 months to reach a stationary VPA dosage. In the unsuccessful group the seizures were poorly controlled, and VPA was added back in a median of 8 months. All four patients in the unsuccessful group needed a high VPA dosage to achieve seizure control initially, and one could be tapered VPA dosage at last clinical follow-up (Figure 1). The median VPA dosage in the unsuccessful group was 6 mg/kg/day, and the median seizure frequency was 1 time per month, which were not different to the successful group (Table 2). The only significant difference between the two group was the pharmacoresistance rate (45 and 100% in the successful and unsuccessful groups, respectively) (Table 1).

At the last clinic visit, four (17%) patients did not take any antiepileptic drugs, seven (29%) received levetiracetam monotherapy, 11 (46%) received VPA and levetiracetam polytherapy, and two (8%) received levetiracetam add other antiepileptic drugs. Three successful cases had already delivered children, the oldest of whom was 5 years old. All of the children had normal development and cognitive function, and none had major congenital malformations or development delays.



DISCUSSION

This is the first real-world study to investigate the efficacy and safety of switching from the high-risk teratogenic antiepileptic drug VPA to the new low-risk teratogenic drug levetiracetam. The high successful switching rate (83.3%) suggested that a switching strategy may be possible in most WWE. The teratogenic rate of levetiracetam has been reported to range from 1.6 to 2.4% in different studies (19), which is similar to a normal population without epilepsy (18). In the patients in the successful group with residual VPA treatment, the dosages were all below 700 mg/day, the median dosage was 4 mg/kg/day, and the highest dose was 11 mg/kg/day. Tomson et al. reported a teratogenic rate of 5.6% when the VPA dosage was below 700 mg/day (17). In our study, both the successful and unsuccessful groups achieved good seizure control after switching antiepileptic drugs. The VPA dose could be reduced to below 10 mg/kg/dose in a median of 6 months, and the median switching duration was 19.5 months. This information may be useful for clinicians when discussing with patients how early to start planning pregnancy. The major congenital malformation rate has been reported to be 5.6% with a VPA dosage below 700 mg/day, but up to 10.4% when the VPA dosage is above 1,000 mg/day. In addition, the major congenital malformation rate has been reported to be around 2.8% in children of untreated WWE, and 2.2% in the offspring of mothers without epilepsy (18). However, in the unsuccessful group in this study, the seizures became poorly controlled a few months after switching. Increasing the dose of levetiracetam could not achieve seizure control in these cases, and they needed VPA to be added back. Moreover, a higher VPA dosage compared to that before switching was needed to achieve seizure control. According to previous case reports of three and six patients, levetiracetam may aggravate myoclonic and absence seizures (24, 25). Other studies have reported more staring and generalized tonic-clonic seizures. In addition, switching antiepileptic drugs in previously well-controlled patients may lead to breakthrough seizures. Wang et al. performed a matched case cohort study in 2013, and found that the major predictive factor of post-switching seizure condition was the reason for switching. In the seizure-free on their old drug group, five (21.7%) patients had seizure recurrence after switching the drug compared to two of 46 (4.3%) of the matched controls. In addition, in the having seizures on their old drug group, six (30%) patients entered remission after switching the drug, compared to eight of 40 (20%) matched controls (26). We did not observe these findings in the current study, which may be due to the small number of cases. The percentages of those switching antiepileptic drugs due to poor seizure control in the successful and unsuccessful groups were 30 and 50%, respectively. Patients should be informed of these risks when discussing switching antiepileptic drugs. There were no significant differences in etiology, electroencephalograms, and magnetic resonance imaging findings between the successful and unsuccessful groups in this study, although the pharmacoresistance rate was higher in the unsuccessful group (45 vs. 100%). However, the reason for this finding is unclear, due to the small number of patients in the unsuccessful group.

Tomson et al. concluded that switching or discontinuing drugs during pregnancy was dangerous and associated with poor seizure control (2). Thus, careful planning for pregnancy, including seizure-free status and using low-risk teratogenic antiepileptic drugs is the most important strategy to achieve a safe pregnancy both for the mother and fetus, and avoid prematurity, major congenital malformations, and behavioral and cognitive disorders (3). Our observations suggested when to start planning for pregnancy and the successful switching rate. A higher successful switching rate may achieved with a longer switching time, and the minimum duration should be 2 years in our experience. We also observed that switching from VPA to levetiracetam may lead to poor seizure control in some cases initially, and the patients should be informed about this before switching. Switching could decrease the adverse effects of VPA in all cases with a lower VPA dosage in this study. The most common adverse effects were alopecia, acne, irregular menstruation, menorrhagia, hand tremors, and polycystic ovaries syndrome.

Since its first marketing as an antiepileptic drug in 1967 in France, VPA has become established worldwide as one of the most widely used antiepileptic drugs in the treatment of both generalized and focal seizures (27). Pre and post-synaptic effects of VPA depend on a very broad spectrum of actions, including regulation of ionic currents and facilitation ofγ-aminobutyric acidergic activities over glutamatergic transmission. As a result, VPA indirectly modulates neurotransmitter release and strengthens the threshold for seizure activity (28). Nevertheless, VPA have many adverse effects that require vigilance during the chronic treatment (27). The mechanisms of VPA related teratogenic effects were complicated, including folic acid deficiency, increased fetal oxidative stress, and change in gene expression by inhibition of histone deacetylase (HDAC) (29, 30). Folic acid supplementation and reducing VPA dosage during pregnancy could decrease fetal teratogenic rate and increase cognitive function (13).

There are three limitations to this study. First, this was a retrospective study with a limited number of cases. Second, most of the epileptic patients had juvenile myoclonic epilepsy, which may not represent all types of epilepsy. Third, in some cases, we added other low-risk teratogenic antiepileptic drugs to achieve seizure control after the switching had been performed. As polytherapy may also increase the risk of major congenital malformations, further studies are needed to investigate whether high-dose VPA monotherapy or low-dose VPA polytherapy combined with low-risk teratogenic antiepileptic drugs is preferable. Tomson et al. reported that most congenital malformations were dependent on the dose of VPA, regardless of monotherapy or polytherapy (17). Thus, using add-on levetiracetam with a lower VPA dosage may be a reasonable choice.



CONCLUSION

Our experience supports switching from VPA to levetiracetam in WWE of childbearing age as an effective strategy to lower the teratogenic rate and adverse effects. Switching should be started early, at least 2 years before pregnancy, to achieve successful switching. Further prospective and case-controlled studies with larger sample sizes are necessary to elucidate the most effective and safe strategy for switching from VPA in WWE of childbearing age.



DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the article/Supplementary Material.



ETHICS STATEMENT

This study was approved by the Chang Gung Memorial Hospital Institutional Review Board (201701598B0).



AUTHOR CONTRIBUTIONS

This research was performed at Chang Gung Children's Hospital in Taoyuan, Taiwan. I-JC, H-SW, and Y-SW conceived the study and C-YK, Y-HL, J-JL, and S-YL participated in data collection. K-LL, H-SW, and M-YH participated in study design and coordination. K-LL, H-SW, P-CH, M-LC, and M-YH contributed the patients. C-YK and Y-HL drafted the manuscript and K-LL critically revised the manuscript for important intellectual content.



FUNDING

This study was supported in part by grants from Chang Gung Memorial Hospital (CMRPG3B1471-3, CMRPG3H0761-3).



ACKNOWLEDGMENTS

The authors would like to thank the support of the Study Group of Intensive and Integrated Care for Pediatric Central Nervous System (iCNS Group) at Chang Gung Children's Hospital in Taoyuan, Taiwan. We also thank the valuable input from the Study Group for Children with Encephalitis/Encephalopathy Related Status Epilepticus and Epilepsy (CHEESE Study Group), Taoyuan, Taiwan.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2020.00330/full#supplementary-material



REFERENCES

 1. Davis AR, Pack AM, Kritzer J, Yoon A, Camus A. Reproductive history, sexual behavior and use of contraception in women with epilepsy. Contraception. (2008) 77:405–9. doi: 10.1016/j.contraception.2008.02.002

 2. Tomson T, Battino D, Bonizzoni E, Craig J, Lindhout D, Perucca E, et al. Withdrawal of valproic acid treatment during pregnancy and seizure outcome: Observations from EURAP. Epilepsia. (2016) 57:e173–7. doi: 10.1111/epi.13437

 3. Vajda FJE, O'Brien TJ, Graham JE, Hitchcock AA, Lander CM, Eadie MJ. Predicting epileptic seizure control during pregnancy. Epilepsy Behav. (2018) 78:91–5. doi: 10.1016/j.yebeh.2017.10.017

 4. Meadow SR. Anticonvulsant drugs and congenital abnormalities. Lancet. (1968) 2:1296. doi: 10.1016/S0140-6736(68)91781-9

 5. Cunnington MC, Weil JG, Messenheimer JA, Ferber S, Yerby M, Tennis P. Final results from 18 years of the International Lamotrigine Pregnancy Registry. Neurology. (2011) 76:1817–23. doi: 10.1212/WNL.0b013e31821ccd18

 6. Meador KJ, Pennell PB, Harden CL, Gordon JC, Tomson T, Kaplan PW, et al. Pregnancy registries in epilepsy: a consensus statement on health outcomes. Neurology. (2008) 71:1109–17. doi: 10.1212/01.wnl.0000316199.92256.af

 7. Vajda FJ. The australian pregnancy register of anti-epileptic drugs : 10 years of progress. J Clin Neurosci. (2010) 17:1485–8. doi: 10.1016/j.jocn.2010.05.008

 8. Kretz R, Coban I, Gaus V, Schmitz B. EURAP. Nervenarzt. (2006) 77:722–8. doi: 10.1007/s00115-006-2082-2

 9. Morrow J, Russell A, Guthrie E, Parsons L, Robertson I, Waddell R, et al. Malformation risks of antiepileptic drugs in pregnancy: a prospective study from the UK Epilepsy and Pregnancy Register. J Neurol Neurosurg Psychiatry. (2006) 77:193–8. doi: 10.1136/jnnp.2005.074203

 10. Holmes LB, Wyszynski DF. North american antiepileptic drug pregnancy registry. Epilepsia. (2004) 45:1465–5. doi: 10.1111/j.0013-9580.2004.451102.x

 11. Stephen LJ, Harden C, Tomson T, Brodie MJ. Management of epilepsy in women. Lancet Neurol. (2019) 18:481–91. doi: 10.1016/S1474-4422(18)30495-2

 12. Baker GA, Bromley RL, Briggs M, Cheyne CP, Cohen MJ, García-Fiñana M, et al. IQ at 6 years after in utero exposure to antiepileptic drugs: a controlled cohort study. Neurology. (2015) 84:382–90. doi: 10.1212/WNL.0000000000001182

 13. Meador KJ, Baker GA, Browning N, Cohen MJ, Bromley RL, Clayton-Smith J, et al. Fetal antiepileptic drug exposure and cognitive outcomes at age 6 years (NEAD study): a prospective observational study. Lancet Neurol. (2013) 12:244–52. doi: 10.1016/S1474-4422(12)70323-X

 14. Cohen MJ, Meador KJ, Browning N, May R, Baker GA, Clayton-Smith J, et al. Fetal antiepileptic drug exposure: adaptive and emotional/behavioral functioning at age 6years. Epilepsy Behav. (2013) 29:308–15. doi: 10.1016/j.yebeh.2013.08.001

 15. Wood AG, Nadebaum C, Anderson V, Reutens D, Barton S, O'Brien TJ, et al. Prospective assessment of autism traits in children exposed to antiepileptic drugs during pregnancy. Epilepsia. (2015) 56:1047–55. doi: 10.1111/epi.13007

 16. Christensen J, Grønborg TK, Sørensen MJ, Schendel D, Parner ET, Pedersen LH, et al. Prenatal valproate exposure and risk of autism spectrum disorders and childhood autism. JAMA. (2013) 309:1696. doi: 10.1001/jama.2013.2270

 17. Tomson T, Battino D, Bonizzoni E, Craig J, Lindhout D, Perucca E, et al. Dose-dependent teratogenicity of valproate in mono- and polytherapy. Neurology. (2015) 85:866–72. doi: 10.1212/WNL.0000000000001772

 18. Walker SP, Permezel M, Berkovic SF. The management of epilepsy in pregnancy. BJOG An Int J Obstet Gynaecol. (2009) 116:758–67. doi: 10.1111/j.1471-0528.2009.02141.x

 19. Tomson T, Xue H, Battino D. Major congenital malformations in children of women with epilepsy. Seizure. (2015) 28:46–50. doi: 10.1016/j.seizure.2015.02.019

 20. Sharpe DV, Patel AD, Abou-Khalil B, Fenichel GM. Levetiracetam monotherapy in juvenile myoclonic epilepsy. Seizure. (2008) 17:64–8. doi: 10.1016/j.seizure.2007.07.001

 21. Koubeissi MZ. Monotherapy in newly diagnosed epilepsy: levetiracetam versus standard anticonvulsants. Epilepsy Curr. (2014) 14:255–56. doi: 10.5698/1535-7597-14.5.255

 22. Koubeissi M. Levetiracetam: more evidence of safety in pregnancy. Epilepsy Curr. (2013) 13:279–81. doi: 10.5698/1535-7597-13.6.279

 23. Banchhor SK, Londhe ND, Araki T, Saba L, Radeva P, Khanna NN. Reproductive Health Indicators. Guidelines for Their Generation, Interpretation Analysis for Global Monitoring. (2006). Available online at: https://apps.who.int/iris/bitstream/handle/10665/43185/924156315X_eng.pdf?sequence=1 (accessed September 17, 2019).

 24. Liu YH, Wang XL, Deng YC, Zhao G. Levetiracetam-associated aggravation of myoclonic seizure in children. Seizure. (2012) 21:807–9. doi: 10.1016/j.seizure.2012.08.008

 25. Auvin S, Chhun S, Berquin P, Ponchel E, Delanoë C, Chiron C. Aggravation of absence seizure related to levetiracetam. Eur J Paediatr Neurol. (2011) 15:508–11. doi: 10.1016/j.ejpn.2011.05.007

 26. Wang SP, Mintzer S, Skidmore CT, Zhan T, Stuckert E, Nei M, et al. Seizure recurrence and remission after switching antiepileptic drugs. Epilepsia. (2013) 54:187–93. doi: 10.1111/j.1528-1167.2012.03652.x

 27. Belcastro V, D'Egidio C, Striano P, Verrotti A. Metabolic and endocrine effects of valproic acid chronic treatment. Epilepsy Res. (2013) 107:1–8. doi: 10.1016/j.eplepsyres.2013.08.016

 28. Belcastro V, D'Egidio C, Striano P, Verrotti A. Valproic acid and epilepsy: from molecular mechanisms to clinical evidences. Curr Neuropharmacol. (2019) 17:926–46. doi: 10.2174/1570159X17666181227165722

 29. Ornoy A. Valproic acid in pregnancy: how much are we endangering the embryo and fetus? Reprod Toxicol. (2009) 28:1–10. doi: 10.1016/j.reprotox.2009.02.014

 30. Chateauvieux S, Morceau F, Dicato M, Diederich M. Molecular and therapeutic potential and toxicity of valproic acid. J Biomed Biotechnol. (2010) 2010:479364. doi: 10.1111/j.1753-4887.1952.tb01010.x

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Kuo, Liu, Chou, Wang, Hung, Chou, Lin, Lan, Hsieh, Wang and Lin. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fneur-11-00330-t002.jpg
Successful
group (n =
20)
Switching duration (months) 195
VPA median dosage (mg/kg/day)
Pre-switch (median) 15
Post-switch (mediar) 0

Seizure frequency (times per month)
Pre-switch (median) 025
Post-switch (mediar) o

Adverse effect of VPA (positve rate)
Pre-switch 63.2%
Post-switch 0%

VPA, valproic acid.
*p < 0.05.

Unsuccessful
group (n=4)

16.5

17.6

60%
60%

Total
(n=24)

0.25

62.5%
12.5%





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Shifting Valproic Acid to Levetiracetam in Women of Childbearing Age With Epilepsy: A Retrospective Investigation and Review of the Literature



		Introduction



		Patients and Methods



		Results



		Discussion



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
, frontiers
in Neurology

Shifting Valproic Acid to
Levetiracetam in Women of
Childbearing Age With Epilepsy: A
Retrospective Investigation and
Review of the Literature





OPS/images/fneur-11-00330-g001.gif





OPS/images/fneur-11-00330-t001.jpg
ETIOLOGY
Non-symptomatic epilepsy
Juvenile myoclonic epilepsy
BECTS
Frontal lobe epilepsy
Temporal lobe epilepsy
Unclassified epilepsy
Symptomatic epilepsy
Encephalitis
HIE
Traumatic brain injury
Onset age (median, years)
EEG (focality, %)
MR (abnorml, %)
Pharmacoresistant (%)

Successful
group (n = 20)

®

w o n NN

1
85
79.2%
29.2%
45%

Unsuccessful
group (n=4)

-~ o000 ® &

o o oo

1
75%
25%

100%

Total
(n=24)

19
1

L B A SO O

4
95
79.2%
29.2%
54.2%

EEG, electroencephalogram; MRI, magnetic resonance imaging; BECTS, benign
childhood epilepsy with centrotemporal spikes; HIE, hypoxic-ischemic encephalopathy.

*p < 0.05.









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Neurology





