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Like Mother, Like Child. Keeping Control of
Seizures During Pregnancy

Changes in Seizure Frequency and Antiepileptic Therapy During Pregnancy

Pennell PB, French JA, May RC, et al. N Engl J Med. 2020;383(26):2547-2556. doi:10.1056/NEJMoa2008663

Background: Among women with epilepsy, studies regarding changes in seizure frequency during pregnancy have been limited
by the lack of an appropriate nonpregnant comparator group to provide data on the natural course of seizure frequency in
both groups. Methods: In this prospective, observational, multicenter cohort study, we compared the frequency of seizures
during pregnancy through the peripartum period (the first 6 weeks after birth) (epoch 1) with the frequency during the
postpartum period (the following 7.5 months after pregnancy; epoch 2). Nonpregnant women with epilepsy were enrolled as
controls and had similar follow-up during an 18-month period. The primary outcome was the percentage of women who had a
higher frequency of seizures that impaired awareness during epoch 1 than during epoch 2. We also compared changes in the
doses of antiepileptic drugs that were administered in the 2 groups during the first 9 months of epoch 1. Results: We enrolled
351 pregnant women and 109 controls with epilepsy. Among the 299 pregnant women and 93 controls who had a history of
seizures that impaired awareness and who had available data for the 2 epochs, seizure frequency was higher during epoch 1
than during epoch 2 in 70 (23%) pregnant women and in 23 (25%) controls (odds ratio, 0.93; 95% CI, 0.54-1.60). During
pregnancy, the dose of an antiepileptic drug was changed at least once in 74% of pregnant women and in 31% of controls (odds
ratio, 6.36; 95% CI, 3.82-10.59). Conclusions: Among women with epilepsy, the percentage who had a higher incidence of
seizures during pregnancy than during the postpartum period was similar to that in women who were not pregnant during the
corresponding epochs. Changes in doses of antiepileptic drugs occurred more frequently in pregnant women than in non-
pregnant women during similar time periods. (Funded by the National Institutes of Health; MONEAD ClinicalTrials.gov
number, NCT01730170.).

Commentary

Embarking on the adventure of pregnancy and motherhood

presents unique challenges to every woman. Physiologic,

social, and economic changes and risks of common medical

complications take the forefront during pregnancy like in no

other time in life. For women with epilepsy (WWE) the chal-

lenges are even greater. Mothers and families must evaluate the

possibilities of increased risks of fetal malformations in rela-

tion to the diagnosis of epilepsy and to anti-seizure medications

(ASM). Women worry about the risks of seizures during preg-

nancy for their own health and for the well-being of their

unborn child. They consider the possibility of their kids devel-

oping epilepsy at birth or later in life.

Partnering with a health care team that understands the

challenges and stands ready to inform the family and monitor

and support the mother during pregnancy, and the postpartum

period is key to achieving healthy outcomes for the mother

and newborn child. The epilepsy community does not have

answers to some questions that WWE have about pregnancy.

However, much progress has been achieved in recent years,

allowing us to inform prospective mothers of the actual risks

and benefits of decisions during pregnancy and protocols

which would improve the outcomes of pregnancy for mothers

and babies alike.

A very active research group has provided much needed

answers. The NEAD1 study evaluated the effects of ASM in

the neurodevelopment of children born to WWE at birth and up

to 6 years of age, while the MONEAD collaboration continues

to provide answers regarding the maternal outcomes of preg-

nancies exposed to ASM.2-4

The risk of seizures during pregnancy is one issue that

deserved special attention. Is pregnancy by itself a risk fac-

tor for increased seizure frequency? What are the conse-

quences of having seizures during pregnancy for the

mother and fetus? What can we do to mitigate that risk and

improve the chances for a healthy and seizure-free preg-

nancy? The highlighted study by Pennell et al5 certainly

provides some answers.
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imaging biomarker for secondary generalization of seizures.

However, the study methods and data/result presentation are

complicated and require some attention before we dive deeper

into the discussion of the results.

The authors present data of a large but overall heteroge-

neous group of TLE patients—MRI-negative patients, patients

with hippocampal sclerosis, dysembryoplastic neuroepithelial

tumors, and cavernomas. While not necessarily a major prob-

lem, combining all these groups prior to showing that their

task-related fMRI activations are not different (and that thala-

mic activations are not different) creates a potential confounder

that is not addressed in the study. Further, they utilize their “go-

to” fMRI task—verb fluency—to assess language lateralization

including thalamic involvement in the task. However, since

there is no performance tracking with this covert task, there

is no way of knowing how well the participants performed the

task and how performance on the task influenced the observed

fMRI activations. To offset this, they tested letter fluency as

part of their neuropsychological battery—there were some

group differences including significant differences between left

TLE with and without generalized seizures.

In the primary analysis, they compared fMRI activation

patterns in patients with FBTCS within the last year to patients

with no FBTCS (ie, only with focal seizures [FS]) in the last

year to find that the activation patterns were different between

the groups with higher fMRI activation and more leftward

activation in patients with FS including differences in thalami.

Of interest is the fact that some of the peak activations fell into

the anterior thalamic nuclei that, as we all know, are the target

of deep brain stimulation. In the post hoc analyses, they showed

that FS patients’ thalamic activations were similar to healthy

controls performing the same task but active FBTCS partici-

pants had overall lower thalamic activations when compared to

either of those two groups. Important is that having FBTCS in

the last year was the most significant determinant of thalamic

activation. The study would be very easy to understand and

interpret had they stopped their analyses here. However, the

authors performed several useful but very complicated analyses

that undoubtedly make the interpretation of the results difficult.

These additional, in-part confirmatory in-part follow-up anal-

yses are psychophysiologic interaction, graph theory, and

receiver operating characteristic (RUC) curve analyses. The

understanding and interpretation of these analyses is neither

intuitive nor simple. While disentangling these analyses is not

part of this commentary, for the purpose of better understand-

ing their approach, we can briefly state that psychophysiologic

interaction is a between regions connectivity analysis for fMRI

data that is context-dependent. Graph theory analysis, as

explained previously in great detail,5 allows mathematical

analysis and description of complex systems using terms such

as “hubs,” “centrality,” and “betweenness.” Finally, the term

ROC—probably most recognized by neurologists—is a binary

classifier that allows diagnostic discrimination between groups.

These analyses show that, in patients with active FBTCS, there

is greater context-dependent thalamo-temporal and thalamo-

motor connectivity, higher thalamic degree and betweenness

centrality, and that ROC curves discriminate well between

individuals with and without active FBTCS. These findings

also indicate that having active FBTCS changes the brain more

than having FS alone and that the presence and the degree of

the changes may be used as a biomarker for disease severity.

As complicated as these analyses are, the authors provide

meticulous description of the procedures performed and of the

results in the main body of the manuscript with additional

details included in the supplement. However, more important

are implications of this study. Since fMRI has been a mainstay

of presurgical language and verbal memory evaluation for

years,6 most epilepsy centers obtain fMRI as part of their pre-

surgical patient staging protocol. However, we cannot expect

that psychophysiologic interaction, graph theory, and ROC

curve analyses of the task-related fMRI data will be performed

in the course of such evaluation. Rather, what the study shows

is that the task fMRI data can be used not only to perform a

rather simplistic analysis of language lateralization but also to

identify the negative effects of pathophysiology (here seizures)

on brain networks. Whether independently or in combination

with other measures (eg, functional connectivity or thalamic

stereoelectroencephalography), future research could teach us

if/how such results could be applied to evaluating disease

severity, staging in presurgical evaluation, predicting out-

comes, or deciding the treatment approaches (eg, resection vs

implantable devices).

Perhaps more importantly, these findings teach us some-

thing about the disease itself. They provide information about

the pathophysiology of temporal lobe seizures, about the

negative effects of seizures not only on local but also on

remote executive brain regions (ie, confirm the proposed a

long-time ago “nociferous cortex hypothesis”7), and outline the

negative effects of FBTCS on brain connectivity and pathways

of information transfer. While previously such negative effects

have been documented in resting-state studies, this effort

extends those findings to cognitive tasks and task-based con-

nectivity. This study shows that the task data can be used not

only to localize and lateralize brain functions but also to mea-

sure the effects of the disease on brain networks and its

severity.
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The study compared the seizure frequency of pregnant

WWE with a control group of nonpregnant WWE. The preg-

nant group was followed during pregnancy and the immediate

postpartum period and for 9 months following childbirth, while

the control group was followed for 18 consecutive months.

Seizure frequency during the pregnancy and immediate

(6 week) postpartum period (epoch 1) was compared to the

following 7.5 months (epoch 2) in the pregnant women group.

Seizure frequency in the control group was also followed in

2 epochs of similar duration (epoch 1 of 10.5 months and epoch

2 of 7.5 months). Adjustments in medication doses during the

observed time, the actual medications received, and potential

risk factors for seizure frequency were followed in both groups

during the time of observation.

The authors found no difference in the proportion of

women who had increased frequency of seizures during the

peri-pregnancy period or epoch 1 and epoch 2 within the

pregnant WWE (23%) as compared to control WWE (25%).

They did find however that more pregnant WWE underwent

ASM dose adjustment at least once during pregnancy (74%)

as compared to the control group (31%). These results high-

light the fact that, with adequate follow-up and medication

adjustments, pregnant WWE do not have a higher risk of

having seizures during pregnancy and within the immediate

postpartum period.

The risk of seizures during pregnancy was addressed

recently by the International League Against Epilepsy Task

Force on Women and Pregnancy.6 Seizures during pregnancy

represent a risk to the fetus resulting from blunt trauma, hypox-

emia, and possibly other factors which could result in preg-

nancy loss, fetal injury, intrauterine growth retardation, and

preterm delivery. Seizures during pregnancy should be pre-

vented and the strategies for prevention need to be balanced

against the known risks for fetal malformations and other chal-

lenges associated with ASM.

All women of childbearing age should be counseled

regarding pregnancy-related risks and management. Birth

control and pregnancy planning—including the interaction

of ASM with hormonal treatments for birth control and the

benefits of folic acid to decrease the risks of birth defects

and other cognitive problems in children born to WWE7—

should be discussed at every visit. We should strive for

seizure freedom as it is, as shown again in the present study,

an excellent predictor for seizure control during pregnancy.

We should choose medications with low risk of fetal mal-

formations and neurocognitive problems and favor mono-

therapy if possible.

Neurologists, obstetricians, and primary care providers need

to be aware of known pharmacokinetic changes that affect the

metabolism of ASM during pregnancy. These include a larger

volume of distribution and increased renal clearance and hepa-

tic metabolism. For medications that have measurable serum

levels; it is generally advisable to establish the prepregnancy

level at which the patient is controlled and actively match it

during the pregnancy by adjusting ASM doses.

Following delivery, ASM doses can be rapidly adjusted to

prepregnancy doses in a 2-step decrease occurring at second

day and second week postpartum to prevent side effects or

medication toxicity; this depends on the route of elimination

of the specific ASM.

Having a neurologist or epilepsy expert following along

during the pregnancy results in better communication with the

obstetrics and fetal medicine teams and a more satisfying expe-

rience for the mother and the health care team. The present

study showcases the fact that when perinatal epilepsy care for

WWE is done right there is no increased seizure frequency

during pregnancy. This is amazing news to share with our

patients and families.

Unfortunately, the model of care described is not the one

most WWE experience. Looking carefully through the demo-

graphics of the study, it is easy to notice an overrepresentation

of white, highly educated women under the care of health care

providers practicing in highly subspecialized clinics with spe-

cific interest in the care of WWE and pregnancy. Our challenge

as a community devoted to the care and well-being of all people

living with epilepsy is to educate more providers at general

neurology and even primary care levels to identify the chal-

lenges of WWE of childbearing age and pregnant WWE. The

described strategies are of relatively low cost and can make a

big difference. Our goal should be to offer similar standards of

care to all mothers and children living with epilepsy in our

community.
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