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The journey into the complex world of neurological disorders in pregnancy is 
an exploration that bridges neurosurgery, neurology, and obstetrics. This text-
book, meticulously crafted by experts in these fields, serves as a guidepost to 
navigate the intricate landscape where maternal health and neurological well-
being intersect.

Pregnancy is a transformative period in a woman’s life where profound 
physiological changes and adaptations occur in support of the developing 
fetus. In some instances, the emergence or exacerbation of neurological dis-
orders complicates the care of the obstetric patient. To provide the best pos-
sible care, it is necessary to understand the delicate balance between maternal 
health and fetal development.

In this comprehensive textbook, the authors explore both common and 
uncommon neurologic conditions affecting pregnancy. The interdisciplinary 
approach taken by our contributors brings together the latest insights from 
neurology, neurosurgery, neuroradiology, and obstetrics, ensuring a holistic 
understanding of these conditions and their management. The insights shared 
are valuable not only for healthcare professionals but also for researchers, 
educators, and students seeking to expand their knowledge in this specialized 
field.

Our hope is that this textbook will serve as an indispensable resource, 
fostering interdisciplinary collaboration, and ultimately improving the care 
and outcomes for women facing neurological challenges during pregnancy.

Amy P. Murtha
Dean, Rutgers Robert Wood Johnson Medical School

Professor of Obstetrics and Gynecology
New Brunswick, NJ, USA 

Foreword
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This book is a product of an extraordinary team effort. The multidisciplinary 
management of any pregnant patient with neurological disorders includes 
experts in this field from neurosurgery, neurology, high-risk obstetrics—
maternal fetal medicine, and neuroradiology.

The knowledge about the pathophysiology of neurological conditions in 
pregnancy can be complex. As we encounter a significant number of pregnant 
patients with varied spectrum of neurological disorders, we realized that the 
management of such conditions is loosely based on old and outdated evi-
dence and not supported by well-defined or systematic literature reviews or 
meta-analysis. For instance, pregnant patients with certain neurological con-
ditions, e.g., diagnosis of brain aneurysm in pregnancy, are being managed 
with elective cesarean section even though there is data suggesting that in 
most uncomplicated cases, the patient should be allowed to deliver vaginally 
without an associated increase in fetal or maternal morbidity/mortality. 
Taking motivation from our successful management of pregnant cases with 
neurological disorders at Rutgers Robert Wood Johnson Medical School and 
Hospital, we decided to pen this book to help guide our medical community 
in better management of these perplexing issues. It is an attempt to encourage 
“evidence-based practices” in treating such patients.

New Brunswick, NJ, USA� Gaurav Gupta

Preface
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1Pre-conception Planning 
for Patients with Neurological 
Disorders

Jessica C. Fields and Todd Rosen

�Introduction

�Pre-conception Planning for All 
Patients

In general, pre-conception planning is imperative 
to maximize successful and healthy pregnancy 
outcomes for both mothers and babies. A discus-
sion of patient health care before conception pro-
vides the opportunity to review lifestyle, medical 
conditions and medications, immunizations, and 
nutrition and weight to make changes to improve 
pregnancy.

While it is important to screen reproductive-
aged patients for interest in pursuing pregnancy 
[1], pre-conception planning should be a priority 
for all care because health status and risk factors 
continually change, and pregnancies are often 
unintentional. Furthermore, the American 
College of Obstetricians and Gynecologists 
(ACOG) and American Society for Reproductive 
Medicine (ASRM) are both proponents of cover-
age for and access to pre-conception counseling 
and services [2]. In addition to individualized 

care, all patients should be offered genetic coun-
seling if desired and be recommended initiation 
of folic acid every day starting at least 1 month 
prior to conception with continuation for the 
entire pregnancy to prevent fetal malformations 
[3, 4]. Counseling should be provided on the 
importance of a healthy diet, regular exercise, 
attainment of a normal body mass index, and 
smoking cessation to enhance pregnancy 
outcomes.

�Pre-conception Planning for Patients 
with Specific Neurological Disorders

For those with neurological disorders, pre-
conception planning provides an opportunity for 
discussion of pregnancy impact on disease, the 
effect that disease impairment may have on preg-
nancy, and use of treatment for disease control 
during pregnancy. Pre-conception counseling 
plays an integral role because neurologic disease 
holds potential for significant contribution to 
morbidity and mortality in pregnancy. It is crucial 
to identify possible risks and reduce harm for the 
patient, fetus, and neonate [5]. Planning not only 
allows for optimization of neurologic health but 
also fosters patient education about pregnancy 
risks and provides time and integrated care to 
intervene for ultimate pregnancy success [6].

J. C. Fields ∙ T. Rosen (*) 
Division of Maternal-Fetal Medicine, Department of 
Obstetrics, Gynecology and Reproductive Sciences, 
Rutgers Robert Wood Johnson Medical School,  
New Brunswick, NJ, USA
e-mail: rosentj@rwjms.rutgers.edu

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 
G. Gupta et al. (eds.), Neurological Disorders in Pregnancy, 
https://doi.org/10.1007/978-3-031-36490-7_1

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-36490-7_1&domain=pdf
mailto:rosentj@rwjms.rutgers.edu
https://doi.org/10.1007/978-3-031-36490-7_1
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The key integral components of pre-
conception assessment for patients with neuro-
logical disorders include understanding patient 
history, performing a physical exam, and review-
ing neuroimaging and medications. Additional 
considerations may be important for the 
postpartum period or breastfeeding. Moreover, it 
is critical that all women with pre-existing neuro-
logical disorders have excellent communication 
between all involved physicians. Counseling and 
risk assessment should involve a multidisci-
plinary care team such as obstetricians, neurolo-
gists, neurosurgeons, anesthesiologists, 
geneticists, and neonatologists.

Given that various neurological disorders have 
intricacies to their impact on pregnancy, specific 
neurological disorders will each be discussed 
separately to address all unique planning tools 
and concerns.

�Spinal Cord Injury

Women with spinal cord injury (SCI) who are 
considering pregnancy should have pre-
conception counseling and planning [7–9]. It is 
important to start with an understanding of a 
patient’s history given that there are concomitant 
chronic medical problems and adaptations asso-
ciated with SCI.  The approach to patients with 
neurotrauma, including SCI, is discussed in detail 
in Chap. 25.

There is increased risk of complications with 
SCI in pregnancy including anemia (i.e., from 
iron deficiency, anemia of chronic disease, and 
chronic renal insufficiency), asymptomatic bac-
teriuria, lower urinary tract infections (up to 35% 
incidence), pyelonephritis, decubitus ulcers, and 
respiratory problems. Risk of pre-term birth 
ranges from 8 to 13%, which is similar to the 
general population [10–14]. Given the associa-
tion with urinary tract infections, serial or fre-
quent urine cultures or antibiotic suppression is 
recommended, although there is no definitive evi-
dence to suggest this management [14–16]. 
Additionally, due to risk for pulmonary compro-
mise, baseline pulmonary function studies, spe-

cifically vital capacity, should be performed 
pre-pregnancy and serially re-assessed during 
pregnancy to determine which patients may need 
ventilatory support in labor; this is especially 
important for those with high thoracic or cervical 
spinal lesions, typically above T5 [7, 14, 16]. 
Frequent skin exams and position changes to pre-
vent decubitus ulcers as well as stool softeners 
and a high fiber diet to aid with worsening consti-
pation in pregnancy are recommended [16].

Additionally, venous thromboembolism 
(VTE) incidence is higher in this population at 
about 8%, yet there is insufficient data to recom-
mend universal thromboprophylaxis during preg-
nancy or postpartum [7, 17]. Each case must have 
an individualized risk assessment with stronger 
consideration of mechanical or pharmacologic 
prophylaxis if a patient has additional risk factors 
[18]. Range of motion exercises in the lower 
extremities, leg elevation, and leg stockings can 
be utilized for VTE prevention as well as upper 
body exercises to improve strength for those who 
are not quadriplegic [15, 18, 19].

A multidisciplinary team should involve spe-
cialists including but not limited to maternal-fetal 
medicine subspecialists, anesthesiologists, spinal 
rehabilitation physicians, physiotherapists, occu-
pational therapists, lactation consultants, and 
neonatologists [15, 20]. Specifically, a discussion 
about risk for autonomic dysreflexia should occur 
pre-conception since this is the most serious of 
pregnancy complications, is potentially fatal, and 
affects about 90% of those with SCI lesions at or 
above level T6 [11, 21]. The most common sign 
is often severe systemic hypertension and this 
must be monitored for closely.

Patients should understand that they are not at 
higher risk than the general obstetric population 
for congenital malformations or fetal death [22]. 
Pregnancies may be at increased risk for small 
for gestational age infants and serial fetal growth 
ultrasounds may be performed [23]. Some SCIs 
may be congenital or hereditary in origin, and 
genetic counseling may be helpful to patients 
who desire understanding of inheritance in off-
spring in addition to other risk factors for preg-
nancy. For example, specific syndromes like 

J. C. Fields and T. Rosen
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Kippel-Trenaunay or von Hippel-Lindau are 
associated with augmented risk for epidural or 
subdural hemangiomas and should receive a pre-
conception MRI to determine if neuraxial anes-
thesia is a safe option [24]. Congenital spinal 
cord lesions such as meningomyeloceles have a 
higher risk in offspring and these patients should 
be on a higher dose of about 4 mg/day of folic 
acid for prevention [25].

Anesthesia consultation is advised so that a 
plan for epidural can be made with onset of labor. 
Early epidural is important in prevention of auto-
nomic dysreflexia [14, 21]. Vaginal delivery is 
feasible for women with SCI. Moreover, postpar-
tum issues should be anticipated such as diffi-
culty with breastfeeding and need for additional 
support as well as an increased risk of mental 
health problems and need for rehospitalization 
for postpartum depression [26–28].

�History of Hydrocephalus 
with Ventriculoperitoneal (VP) 
Shunt

Patients with VP shunts placed in the brain sec-
ondary to hydrocephalus may consider preg-
nancy. For these patients, pre-conception 
planning should include a description of risks 
with VP shunts during pregnancy and an MRI to 
establish baseline ventricular size and to verify 
appropriate shunt function. Considerations for 
management of pregnant patients with hydro-
cephalus are discussed at length in Chap. 16.

Risks of VP shunts in pregnancy include shunt 
malfunction, found in studies to occur in up to 
25–50% of pregnancies [29, 30]. In the third tri-
mester of pregnancy, functional occlusion of the 
shunt can be seen secondary to the increase in 
intra-abdominal pressure from a large uterus and 
in turn, obstructed cerebrospinal fluid drainage 
and elevation in intracranial pressure [31]. 
Symptoms of shunt malfunction—confusion, 
nausea/vomiting, tiredness, headache, or nystag-
mus, for example—should be explained to 
patients so that they can seek urgent neurosurgi-
cal care.

�Vascular Disorders of the Brain

�Stroke

Women with a history of stroke, ischemic or 
hemorrhagic, who are planning pregnancy should 
have full evaluation to prevent recurrence of 
stroke in pregnancy. It is well known that the 
pregnancy and postpartum periods are associated 
with an increased stroke risk [32–36]. Despite 
this higher risk, overall recurrence rate is low. It 
is important that women considering conception 
reduce modifiable risk factors such as smoking or 
substance use and be aware of risk factors inher-
ent to pregnancy such as gestational hyperten-
sion, infection, and cesarean delivery [34, 37–39]. 
Review of imaging studies such as CT or MRI as 
well as echocardiography or carotid Doppler 
studies are useful in discussing prognosis. A 
review of medications should occur as many 
patients with a history of stroke may not only 
have underlying disorders but be on aspirin, clop-
idogrel, venous thromboembolism prophylaxis, 
blood pressure medication, or lipid lowering 
statin therapy. Of these agents, statins must be 
discontinued due to risk of spontaneous abortion 
and teratogenicity. There are safe antihyperten-
sive drugs that may be used in pregnancy includ-
ing labetalol, methyldopa, nifedipine, and 
hydralazine. However, angiotensin converting 
enzyme (ACE) inhibitors and angiotensin II 
receptor blockers (ARBs) are contraindicated in 
pregnancy due to risk of fetal renal damage. 
Diuretics are not the preferred antihypertensive 
medication in pregnancy, but may be continued if 
the patient conceives on hydrochlorothiazide or 
other medications of this class. Long-acting beta-
blockers such as atenolol may cause prolonged 
beta-blockade of the newborn and may be associ-
ated with intrauterine growth restriction (IUGR); 
a move to an antihypertensive with less risk may 
be appropriate [40–46]. Additional consideration 
of prophylactic enoxaparin during pregnancy 
with plan to switch to heparin around 36 weeks 
gestation should be discussed for women with a 
prior history of ischemic/thrombotic stroke [47, 
48]. The relative risk of gestational and peripartal 

1  Pre-conception Planning for Patients with Neurological Disorders
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stroke and nuances of treatment are discussed at 
length in Chaps. 3 (Ischemic) and 4 
(Hemorrhagic).

�Arteriovenous Malformation (AVM)

It is inconclusive whether there is increased risk 
for arteriovenous malformation (AVM) rupture in 
pregnancy. The physiologic hemodynamic 
changes of pregnancy including larger plasma 
volume, increased cardiac output, and higher 
cerebral blood flow may theoretically increase 
the risk of hemorrhage but the magnitude of this 
risk is unknown [49]. There is a paucity of data 
given the low AVM prevalence in the pregnant 
population. Some evidence suggests increased 
rupture risk. Very early studies of AVMs in preg-
nancy showed as high as 21–48% risk for sponta-
neous hemorrhage [50–53]. Robinson et  al. 
studied 24 women with AVMs who had high 
rates of adverse fetal outcomes including a 49% 
fetal complication rate and 26% fetal mortality 
rate [53]. However, the high risk for adverse out-
comes in these early studies may be a result of 
publication bias.

More recently, Porras et al. provided evidence 
of a 5.7% hemorrhage risk in pregnant women 
compared to 1.3% in nonpregnant counterparts 
[54]. Additional studies have shown approximate 
AVM hemorrhage rates of 3–9% in pregnancy 
versus 3–4% when not pregnant [55, 56]. Another 
study involving 54 women with AVM highlighted 
an annual hemorrhage rate of 11% during preg-
nancy compared to 1% outside of gestation [57]. 
When AVM rupture in pregnancy does occur, it is 
usually in the third trimester at a mean of 30 
weeks gestation, and high maternal mortality 
rates have been suggested [58].

Yet, other studies must be recognized that sug-
gest no significantly higher risk of AVM hemor-
rhage in pregnancy [55, 58, 59]. Given the limited 
and inconclusive evidence [60–62] but continued 
concern for rupture, some experts recommend 
treatment of AVMs pre-conception [63]. 
However, intervention is not without risk, sug-
gesting that curative treatment should be guided 
by general neurosurgical considerations. This 

counseling may be impacted by other risk factors 
for AVM hemorrhage in addition to pregnancy 
such as prior rupture [64–68], AVM location [67–
69], deep venous drainage [70], and associated 
aneurysms [71]. Moreover, the approach to treat-
ment might also influence rupture risk: a 2014 
retrospective review of 253 women with AVMs 
showed an annual hemorrhage rate of 11.1% for 
those who became pregnant in the 3-year latency 
interval between stereotactic radiosurgery and 
complete AVM obliteration compared to an 
annual hemorrhage rate of 2.5% for those not 
pregnant [72]. There are no randomized trials to 
confirm which treatment is better; one random-
ized trial comparing medical to interventional 
treatment of unruptured AVMs was stopped early 
because of the superiority of medical manage-
ment [73]. Thus, pre-conception history and 
imaging are necessary investigations to provide 
optimal counseling to patients. The evidence 
relating to risk of AVM hemorrhage and approach 
to management is discussed in detail in Chap. 19.

�Intracranial Aneurysm

Similar to AVMs, intracranial aneurysms may 
have increased risk of rupture in pregnancy, but 
the literature is controversial. Studies have shown 
an increased risk of subarachnoid hemorrhage as 
a consequence of hemodynamic changes induced 
by pregnancy [53, 58, 74, 75].

More recently, studies have refuted this 
increased association [74, 76, 77]. Specifically, a 
Dutch analysis of 244 women showed no increase 
in rupture risk [76]. Kim et  al. analyzed the 
Nationwide Inpatient Sample (NIS) from 1988 to 
2009 showing aneurysm rupture risk of 1.4% 
during pregnancy and 0.05% during delivery, 
which is similar to the annual aneurysm rupture 
risk in the general population [77]. Since these 
more current population-based analyses do not 
suggest worsened risk of bleeding during preg-
nancy and while an individualized risk assess-
ment must still be performed, the evidence 
suggests no need to prophylactically intervene 
pre-conception for asymptomatic and unruptured 
aneurysms [76, 77].
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Nevertheless, an aneurysm has the potential to 
rupture in pregnancy and if this were to occur, 
maternal and fetal morbidity and mortality are 
increased [58]. During pre-conception counsel-
ing, the patient should be informed that 
pre-pregnancy treatment is far preferable to hav-
ing to treat an unruptured aneurysm during the 
pregnancy. If the patient conceives before appro-
priate treatment, or if she refuses advice to 
undergo treatment prior to conception, it is 
important to discuss a possible plan for manage-
ment of a ruptured aneurysm in pregnancy. 
Immediate neurosurgical intervention with pos-
sible clipping or coiling of the aneurysm would 
be needed during pregnancy to better both mater-
nal and fetal outcomes [78]. From the NIS study, 
maternal mortality from untreated aneurysmal 
rupture was significantly higher than in treated 
ruptured aneurysms [79]. This decision for an 
emergency operation during pregnancy would be 
based on neurosurgical need, not obstetrical con-
siderations. In general, the decision to treat an 
unruptured aneurysm should be based on neuro-
surgical assessment of risk relating to aneurysm 
size, enlargement, morphology, and/or associated 
symptoms. A more detailed discussion of cere-
bral aneurysm risk assessment and treatment in 
pregnancy is provided in Chap. 2.

�Cavernous Malformations (CM)

Cavernous malformations are not a contraindica-
tion to pregnancy. Previous studies, mostly case 
series and reports, have shown an association 
between pregnancy and increased risk of growth 
or hemorrhage of CMs [79–81]. One such study 
by Porter et al. demonstrated that in 100 patients 
with brain stem CM, 7 (11%) of 62 women had a 
hemorrhage in pregnancy [82]. Suggestions for 
biologic plausibility at that time involved 
hypotheses around greater expression of vascu-
lar endothelial growth factor and basic fibroblast 
growth factor triggered by the hormones of preg-
nancy [82].

However, follow-up investigations have not 
demonstrated this association, and suggest that 

pregnancy causing enlargement or higher bleed-
ing rates of CMs is likely not true [83–87]. Two 
more recent large clinical cohorts showed a simi-
lar risk of bleeding from CM in pregnant women 
compared to women not pregnant during child-
bearing years [88, 89]. Specifically, Kalani et al. 
[88] showed in a retrospective study of 168 preg-
nancies that pregnancy or delivery was associated 
with a 3% risk of CM rupture or 3.4% per patient-
year which is not significantly different from the 
overall annual hemorrhage rate of CM in the gen-
eral population at 2.4%. Furthermore, a prospec-
tive study assessing hemorrhage risk of CM in 
pregnant women confirmed these findings of no 
conferred risk and that vaginal delivery is a safe 
option for appropriate candidates [90]. This lit-
erature and the management of CMs in preg-
nancy is further described in Chap. 19.

�Moyamoya

Pregnancy outcomes are generally good in those 
patients with moyamoya if the disease is known 
in advance and involves multidisciplinary care. 
One study involving 70 cases of known moyam-
oya in pregnancy resulted in only one patient 
with a poor outcome [91] and another study high-
lighted reassuring fetal outcomes [92].

The key principles to moyamoya management 
in pregnancy stem from prevention of ischemic 
and/or hemorrhagic events. While moyamoya is 
an uncommon disease, it has potentially fatal 
consequences due to the progressive nature of the 
disease with continued stenosis of the internal 
carotid, anterior, and middle cerebral arteries 
ultimately resulting in hypoxia and subsequent 
formation of collaterals and dilation of these per-
forating arteries, which can possibly rupture 
causing brain hemorrhage [68, 92–100]. Thus, as 
long as disease status is known, imaging can be 
performed pre-pregnancy to determine disease 
severity. Per Lu et al., the annual hemorrhage rate 
was 3.9% among 96 female patients regardless of 
pregnancy [95]. There are limited high-quality 
studies examining the risk of stroke in patients 
with moyamoya during pregnancy; case series 
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have suggested a high risk for ischemic or hem-
orrhagic stroke, yet there is no data to support a 
protective benefit of surgical revascularization 
prior to pregnancy [101, 102]. These concepts are 
discussed in detail in Chap. 20.

�Cerebral Venous Thrombosis (CVT)

In general, a worse prognosis is associated with 
CVT if associated with hemorrhagic venous 
infarction, regardless of pregnancy status. It is 
recommended that patients with history of CVT 
considering pregnancy be placed on anticoagula-
tion, usually a heparin derivative, for both treat-
ment and secondary prophylaxis. If deemed 
refractory to medical management, case series 
and anecdotal reports suggest that invasive endo-
vascular procedures such as mechanical throm-
bectomy or direct chemical thrombolysis are 
acceptable [103]. Ideally, any procedure would 
be performed prior to pregnancy to limit fetal 
risk. The occurrence of CVT in pregnancy is dis-
cussed in Chap. 5, while considerations for gesta-
tional anticoagulation are described in Chap. 28.

�Headaches (Migraines)

Headaches can be difficult to manage during 
pregnancy, and it is crucial for pre-conception 
planning to include review of individualized 
headache history and discussion of migraine 
course over pregnancy and options for prevention 
and treatment as well as awareness of warning 
signs for ominous headaches. Headaches are a 
common problem for women during childbearing 
years, and migraine peak prevalence reaches 
approximately 40% in those aged between 30 
and 50 [104].

There are numerous studies focused on 
migraine course in pregnancy [105]. The major-
ity of women (about 60–70%) have improvement 
in migraines during pregnancy [106], especially 
by the second and third trimesters, and only about 
5% have worsened migraines, while the rest have 
no change [106]. Women who typically have 

migraines with menstruation or without auras 
have improvement in the first trimester and often 
resolution of their headaches [106, 107]. 
Moreover, the MIGRA study followed 2000 
women with headaches over the course of preg-
nancy and found a significant reduction in 
migraine frequency, especially in the second and 
third trimesters [108].

While migraines have not been associated 
with increased fetal risks such as miscarriage, 
stillbirth, or teratogenicity [109], studies have 
linked migraines with a greater prevalence of 
hypertensive disorders of pregnancy. A 2019 
national population-based cohort study compared 
22,841 pregnant women with migraines with 
228,324 matched controls and found that those 
with migraines had a 50% increase in adjusted 
prevalence ratio for hypertensive disorders [110].

Most of pre-conception planning for migraines 
surrounds treatment strategy. Prior to pregnancy, 
women employ numerous pharmacologic agents 
for symptom control and prevention from acet-
aminophen to nonsteroidal anti-inflammatory 
drugs (NSAIDs) to triptans, caffeine-barbiturate 
combinations, and opioids. Medication adjust-
ments should occur prior to pregnancy for the 
best pregnancy outcomes. In pregnancy, patients 
should be counseled that acetaminophen is the 
recommended first-line acute therapy and 
1000  mg can be an effective treatment [111] 
without evidence of fetal risk. Aspirin and 
NSAIDs are potential next options in early preg-
nancy, however, are not safe beyond 20 weeks 
due to risk for premature ductus arteriosus clo-
sure in the fetus and neonatal pulmonary hyper-
tension [112]. In general, the use of NSAIDS for 
more than a few days even in early pregnancy is 
uncommon. Opioids can potentially be used in 
pregnancy as well but these are not advised for 
chronic use due to risk for addiction, medication 
overuse, and development of chronic daily head-
aches [113, 114]. Furthermore, chronic opioid 
use specifically in the third trimester, such as 
meperidine, codeine, or morphine, can lead to 
neonatal withdrawal syndrome [107]. If 
migraines are refractory to these treatments, trip-
tans (5-HT IB/ID receptor agonists) may be con-
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sidered [115]. A large study including prospective 
pregnancy data has been unable to fully delineate 
risks associated with sumatriptan or naratriptan 
but has not shown a large increase in risk of major 
birth defects [116]; thus, lack of data for these 
medications in pregnancy has prevented creation 
of clear guidelines.

Steroids such as prednisone can also be used, 
however there are potential complications with 
prolonged steroid use [107]. After 14 weeks of 
pregnancy, the fetus is largely protected from 
nonfluorinated steroids because these are oxi-
dized by placental 11-β hydroxysteroid dehydro-
genase [117, 118].

The use of ergotamine is contraindicated in 
pregnancy due to potential adverse fetal out-
comes from hypertonic uterine contractions or 
vasospasm/vasoconstriction [119, 120].

Other drugs have proven to be helpful for con-
trol of headaches in pregnancy. Caffeine can be 
utilized alone or in combination with other medi-
cations. During pregnancy, intake of up to about 
200 mg of caffeine per day is considered low risk 
[121, 122], keeping in mind that a cup of drip 
coffee has approximately 100  mg of caffeine 
[123]. Adjuncts such as metoclopramide, pro-
methazine, and prochlorperazine are safe and 
have proven to be efficacious with concomitant 
symptoms such as nausea/vomiting and pain 
[116].

Education is paramount for prevention and 
includes nutritional counseling to avoid specific 
headache triggers as well as recommendations 
for sleep and exercise. Additionally, randomized 
clinical trials provide evidence for benefit of non-
pharmacologic treatment such as relaxation train-
ing, thermal biofeedback, and cognitive behavior 
therapy [124]. Since there are no prospective ran-
domized clinical trials focused on migraine pro-
phylaxis in pregnancy, prophylaxis for migraines 
is generally only recommended if migraines per-
sistently get worse over the course of pregnancy. 
Propranolol or verapamil are drug options for 
prophylaxis in pregnancy [107, 125]. A detailed 
discussion to evaluation and management of 
migraine and other headache syndromes in preg-
nancy is provided in Chap. 8.

�Epilepsy and Seizure Disorders

Pre-conception planning is crucial to confirm the 
diagnosis of epilepsy or specific seizure disorder 
after review of patient history, imaging, and elec-
troencephalogram (EEG) results. The latter may 
be required if a diagnosis of epilepsy is not well 
established, especially given the presence of 
mimics for epilepsy or seizures. Furthermore, 
one study underscored that women with epilepsy 
have limited knowledge about pregnancy and 
childbirth [126] and potential complications can 
be reduced via pre-conception intervention [127]. 
Providers should discuss pregnancy with all 
childbearing aged women at each visit [128] to 
address need for good seizure control if desiring 
pregnancy or otherwise learning about birth con-
trol options and interaction between birth control 
and certain antiepileptic drugs (AEDs).

Prior to pregnancy, review of a patient’s sei-
zure medication by a neurologist is important in 
order to optimize AED regimen and to potentially 
switch medications for safety in pregnancy. 
Patients should be well-informed of the risks and 
benefits of AED use [129] and specifically the 
risk of seizure must be weighed against AED 
risk, such as propensity for congenital malforma-
tion, poor neonatal outcome, or adverse neurode-
velopment. If a patient has been seizure-free for 
over 2 years with normal electroencephalogram 
(EEG), then one may consider tapering off or 
stopping the AED.  Stopping use of an AED is 
recommended at least 6 months prior to attempt-
ing conception to ensure disease-free status, 
especially because these women are at risk for 
seizure recurrence after withdrawal during this 
time period [130]. Women continuing on AEDs 
should conceive once a minimum dose of medi-
cation is being used with the goal of monother-
apy when possible. In a recent retrospective 
cohort study, planned pregnancies were signifi-
cantly more associated with AED monotherapy 
and less need for change in AED regimen during 
pregnancy [131].

There is no one trial delineating the safest 
AED for pregnancy but an abundance of evidence 
from epilepsy pregnancy registries shows that 
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many AEDs should be avoided if possible, espe-
cially in the first trimester, including carbamaze-
pine, phenobarbital, primidone, phenytoin, 
topiramate, and valproate given their association 
with congenital malformations [132], specifically 
neural tube defects (NTDs), congenital heart 
anomalies, cleft lip/palate, and/or urogenital 
defects. Overall, levetiracetam or lamotrigine are 
generally the first-line seizure control medications 
due to data supporting low risk of these compli-
cations. There is compiled evidence from the 
North American Antiepileptic Drug (NAAED) 
Pregnancy Registry supporting increased rate of 
major fetal malformations with AED use, includ-
ing a 9% malformation rate with valproate, for 
example [133]. Since valproate has been shown 
to be significantly more teratogenic than other 
medications, it should be avoided and all other 
AED options should be considered first. After the 
first trimester, most medications can be utilized, 
and specifically, valproate and phenobarbital can 
be employed especially if seizures cannot be ade-
quately controlled with other agents [134, 135]. 
If valproate or phenobarbital must be used, the 
recommendation is for prevention of high plasma 
levels and administration in a three or four time 
daily dosing regimen. IQ in children exposed to 
in utero low dose valproate was about the same as 
IQ of children exposed to other AEDs in one pro-
spective study [136]. However, in other studies, 
valproate and phenobarbital have shown poten-
tial to cause decreased intelligence in offspring 
when given after the first trimester and can be 
stopped if there is an effective alternative for the 
patient [137, 138].

Moreover, it is key to provide patient educa-
tion about the need for medication compliance 
with good seizure control prior to conception. 
Having no seizures for at least 9 months prior to 
pregnancy is associated with remaining seizure-
free during pregnancy. Patients should also be 
aware of the possible need to make AED adjust-
ment in pregnancy based on changing AED lev-
els. This may occur because of pregnancy-related 
physiologic changes like increased hepatic 
metabolism, alteration in volume distribution, 
and rise in glomerular filtration rate which in turn 
may decrease AED levels by increasing renal 

clearance and decreasing protein binding. Thus, 
some studies suggest active monitoring of AED 
levels in pregnancy, especially lamotrigine which 
has been tied to increased seizure frequency dur-
ing pregnancy [130]. Optimal target concentra-
tion of AED should be established prior to 
pregnancy so that this can be the goal in preg-
nancy [128]. After reviewing published evidence 
in 2009, the American Academy of Neurology 
(AAN) did not find that epileptic pregnant women 
on AEDs were at higher risk of cesarean delivery, 
pre-term labor, or late pregnancy bleeding [129, 
139, 140].

With multidisciplinary care and good under-
standing and treatment of disease, patients should 
understand that about 90% of women with epi-
lepsy have excellent outcomes with healthy neo-
nates [141]. Yet, patients should be counseled 
that seizures can be harmful to mother and/or 
baby in pregnancy [142], and that there is some 
evidence supporting increased morbidity and 
mortality in women with epilepsy including com-
plications like pre-eclampsia, pre-term labor, 
bleeding, placental abruption, fetal growth 
restriction, or maternal or fetal death [143–147]. 
None of these risks should be considered a con-
traindication to pregnancy. AED exposure has 
been associated with risk of pre-term birth and 
delivery of a small for gestational age (SGA) 
infant [128]. The magnitude of increased risk is 
small for most of these problems, i.e., ranging 
from 1 to 1.7 times expected rates, except for 
maternal mortality, which has been shown to be 
as much as ten-fold higher among women with 
epilepsy in delivery hospitalization [128]. Studies 
have not been consistent regarding an increase in 
fetal death or stillbirth in women with epilepsy. 
Small increases in risk for miscarriage or still-
birth were shown in a 2015 systematic review 
and meta-analysis [143] and a population-based 
retrospective cohort study [144]. Data shows that 
tonic-clonic seizures can cause hypoxia and lac-
tic acidosis and in turn, harm the fetus [128].

Pre-conception folic acid supplementation is 
particularly important in this population to reduce 
risk for congenital malformations like neural 
tube defects [148], and is shown to be beneficial 
in cognitive and behavioral studies of children 
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born to women on AEDs. Guidelines differ 
regarding suggested dose of folic acid; the ACOG 
recommends taking 4  mg daily for women at 
high risk of having a child with a neural tube 
defect [149] but does not recommend dose above 
0.4 mg daily for women on AEDs [150] nor do 
the 2009 guidelines from the AAN [140]. In the 
Neurodevelopmental Effects of Antiepileptic 
Drugs (NEAD) study by Meador et al., mean IQ 
was higher in 6-year-old children of mothers who 
adhered to periconceptional folic acid when com-
pared to children of mothers who did not take 
periconceptional folic acid and started folic acid 
later [136, 147]. Genetic counseling can also pro-
vide insight into risk of offspring development of 
epilepsy. Studies suggest a modestly higher risk 
of having epilepsy in children who have a parent 
with epilepsy, but the degree of this risk is depen-
dent upon specific epilepsy syndrome [151–153]. 
Furthermore, in discussion regarding neonatal 
risk, there is some suggestion that specific anti-
epileptics like carbamazepine can be associated 
with a bleeding problem in the neonate and that 
Vitamin K can be utilized in both mother and 
neonate for prevention [129, 154]. Considerations 
for management of acute seizures, epilepsy, and 
fetal protection are discussed in detail in Chap. 6.

�Myasthenia Gravis

Pre-conception planning is important to first con-
firm a diagnosis of myasthenia gravis with neu-
rology if it has not been confirmed. Methods for 
diagnosis range from detection of antibodies 
against nicotinic acetylcholine receptors or other 
postsynaptic antigens to detection of neuromus-
cular junction dysfunction through repetitive 
nerve stimulation testing or single-fiber electro-
myography [155]. If a diagnosis has been estab-
lished, treatment goals and options should be 
discussed with the patient before becoming preg-
nant. The disease severity may vary over time 
and patients must know how to monitor for 
changes in symptoms and adjust to treatments 
with plan for optimization of treatment prior to 
pregnancy. It is important to be aware that MG 
most commonly affects the periocular, oropha-

ryngeal, and proximal limb muscles with muscles 
involved in respiration being impacted in severe 
cases [156]. Furthermore, triggers for worsening 
of MG can occur in pregnancy and include sur-
gery, infection, select medications, and emotional 
stress or fatigue [156].

If a patient is considering pregnancy but has 
yet to have a thymectomy, this should be consid-
ered prior to conception to help improve clinical 
outcomes [157]. Thymectomy has proven effec-
tive in disease control with less need for immuno-
suppressive agents and is generally recommended 
for all patients under age 65 as standard of care 
[158, 159]. Clinical benefit over a 3-year time 
period was found in a randomized single-blinded 
clinical trial of thymectomy in patients with non-
thymomatous, seropositive MG [160]. Moreover, 
thymectomy appears to confer protection against 
neonatal MG [161, 162]. The Medical Birth 
Registry of Norway performed a retrospective 
analysis showing that neonates born to MG moth-
ers with a prior thymectomy had a lower inci-
dence of neonatal MG when compared to those 
born to MG mothers without thymectomy [162]. 
Most experts recommend young women with 
MG have a thymectomy as soon as possible, as 
long as they are not pregnant, although thymec-
tomy in the year before conception may not lead 
to remission of MG symptoms prior to pregnancy 
given delayed therapeutic benefit [157, 161, 163].

Medications must be discussed and modified 
if necessary prior to conception to reduce terato-
genicity. Two common MG drugs that must be 
stopped are methotrexate (MTX) and mycophe-
nolate mofetil (MMF); they are contraindicated 
in pregnancy and recommendation is for stopping 
MTX at least 3 months and MMF at least 6 weeks 
prior to conception [164]. Data clearly shows 
teratogenicity of these medications with MTX 
being associated with increased miscarriages 
[165] and MMF with miscarriage and congenital 
malformations of the lip and palate, distal limbs, 
esophagus, kidney, and central nervous system of 
the fetus [166, 167].

Many medications can safely be continued in 
pregnancy, and necessity for MG treatment 
should be tailored to disease severity. The recom-
mended treatment for MG in pregnancy is the 
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acetylcholinesterase inhibitor pyridostigmine 
and corticosteroids like prednisone at the lowest 
effective dose, if needed [157, 159]. Rituximab 
(RTX) can also be employed with no increase in 
adverse outcomes [165, 168]. Other medications 
such as azathioprine and cyclosporine may be 
added to help with MG exacerbations [159]. 
High-dose intravenous immune globulin (IVIG) 
and plasmapheresis may be used for acute exac-
erbations of disease or myasthenic crisis [159, 
163, 169–171] and have generally been well tol-
erated in pregnancy for numerous autoimmune 
conditions [160, 172].

Understanding the variable impact of preg-
nancy on MG is important [155, 169]. MG has 
not been associated with increased risk of sponta-
neous abortion [162]. Similar to other neurologic 
disease, optimal control prior to pregnancy usu-
ally predicts a stability of disease during preg-
nancy, although highest risk for exacerbation is 
during the first trimester and postpartum period 
[157, 159, 163, 173–175]. Postpartum exacerba-
tion may be triggered by fatigue in caring for a 
newborn or hormonal plus immunologic changes. 
Even with well-controlled MG, anxiety remains 
and discussions between MG patients and care 
providers must be thoughtful and respectful when 
discussing pregnancy [176]. All pregnancies may 
be different for MG patients as well [177] since 
the disease course is unpredictable. It is sus-
pected that improvement in MG occurs in the 
second or third trimester due to immunosuppres-
sion caused by high AFP [175, 178, 179]. 
Baseline forced vital capacity should be assessed 
because respiratory function can become com-
promised over the course of pregnancy due to the 
enlarged uterus [175]. Of note, long-term out-
comes of MG are not impacted by pregnancy 
[174].

It should be understood that there is increased 
risk for complications (about 30% of MG 
patients) during delivery thus stressing the impor-
tance of a multidisciplinary care team involving 
obstetrics, neurology, and anesthesiology [157, 
159]. The disease itself does not affect smooth 
muscle but given that labor and delivery is 
impacted by striated muscle, especially in the 
second phase of delivery, fatigue can occur and it 

can be prolonged and involve fetal distress [155, 
162, 180]. Forceps or vacuum extraction are ben-
eficial, however, MG itself is not an indication for 
cesarean delivery [161]. Therefore, spontaneous 
vaginal delivery should be encouraged with 
cesarean delivery performed for indicated obstet-
rical reasons [159]. Stress dose steroids should 
also be considered during labor and delivery if 
patients have been on long-term oral steroids 
[157].

Additionally, medications delivered during 
labor must be monitored closely. Parenteral anti-
cholinesterase medications can potentially 
strengthen the muscle since oral absorption may 
be limited. More importantly, it is important to 
identify and mitigate effects of medications that 
make MG symptoms worse [155]. Specifically, 
nondepolarizing muscle relaxants and magne-
sium should be avoided since they can signifi-
cantly worsen MG [159]. Magnesium which is 
commonly employed for management of pre-
eclampsia, eclampsia, or pre-term labor is contra-
indicated due to precipitation of severe MG crisis 
[181, 182]. Anesthesiology consultation prior to 
labor is recommended; MG patients who need 
general anesthesia may have a higher risk for 
needing mechanical ventilation [183] and general 
anesthesia should be avoided if possible. Epidural 
or combined spinal-epidural anesthesia is recom-
mended by expert opinion to reduce respiratory 
issues as well as to help with overexertion and 
fatigue [184]. Spinal anesthesia can also be safely 
used for MG patients needing cesarean delivery 
[178].

Neonatologists play an important role in 
assessing and supporting the needs for an infant 
born to a patient with MG given the risk for tran-
sient neonatal MG or arthrogryposis. Incidence 
of transient neonatal MG is about 10–30% [174], 
can be seronegative or involve different antibod-
ies [185–187], and has symptoms ranging from 
generalized hypotonia to poor suck or respiratory 
problems. Monitoring for symptoms in the sev-
eral days after birth is needed because symptom 
onset can be delayed but this usually all resolves 
within 1–7 weeks [188]. The issues surrounding 
pre-conception counseling, gestational and peri-
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partal management, and neonatal monitoring are 
discussed in detail in Chap. 17.

�Brain Tumors

While rare, there are a myriad of brain tumors 
that occur in childbearing aged women such as 
gliomas, meningiomas, or metastatic brain 
tumors. It is important to discuss risks and bene-
fits of pregnancy with a brain tumor because 
symptoms and treatment can be difficult in preg-
nancy. Management of brain tumors is vast and if 
surgical resection, radiation and/or chemotherapy 
are needed, pregnancy should be deferred until 
these therapies have been delivered. Radiation 
can have poor outcomes such as spontaneous 
abortion, malformations, growth, and mental 
retardation, and possible higher childhood cancer 
risk [189, 190]. Chemotherapy for malignant 
brain tumors is also not ideal during pregnancy 
because most cross the placenta and are terato-
genic [191]. Moreover, there may be subtle 
changes in cardiac and neurocognitive outcomes 
in these fetuses, which requires more data to be 
conclusive [192].

There are pregnancy risks for women with 
brain tumors that should be known since preg-
nancy can impact tumor symptoms and growth 
[193, 194]. For example, there is evidence to sug-
gest that some brain tumors such as meningiomas 
may be negatively impacted by pregnancy hor-
mones [195]. Changes in sex hormones, such as 
progesterone, during pregnancy can promote 
growth in meningiomas and vestibular schwan-
nomas due to expression of hormonal receptors 
[196, 197]. Additionally, 1 study of 11 pregnant 
women with grade II gliomas showed significant 
radiologic enlargement of the brain mass during 
pregnancy when compared to times outside of 
pregnancy [198]; in this study, there was con-
comitant increase in seizure frequency suggest-
ing the need for close monitoring for changing 
neurologic findings and awareness to differenti-
ate adverse events from brain tumors versus 
eclampsia [198].

Generally, benign or asymptomatic tumors 
may be observed whereas malignant or symp-

tomatic tumors should be treated regardless of 
pregnancy with neurosurgical recommendation 
superseding obstetrical consideration. 
Management may require use of steroids or man-
nitol due to potential for pregnancy to promote a 
higher intracranial pressure or cerebral edema 
[199–201]. In some cases, this is due to the abil-
ity of pregnancy to promote fluid retention and 
thus contribute to enlargement of vascular tumors 
[194]. Here, excessive hydration is not recom-
mended given potential for cerebral edema [202]. 
Clinically, it is important to be able to recognize 
seizures as a potential complication of tumor 
enlargement and differentiate these from eclamp-
sia; in a case series by Pallud et al., increased sei-
zure frequency was found in pregnant women 
with grade II gliomas [198].

Prenatal genetic counseling is important prior 
to conception because many hereditary tumor 
syndromes are associated with brain tumors and 
autosomal dominant diseases such as neurofibro-
matosis types I and II, tuberous sclerosis, Turcot 
syndrome, von Hippel-Lindau syndrome, 
Li-Fraumeni, and Gorlin syndrome [203, 204]. If 
a genetic syndrome is identified, pre-implantation 
genetic testing with in  vitro fertilization can 
potentially be an option to mitigate risk. Use of a 
gestational carrier may also be indicated when 
patients have neurologic tumors that may be hor-
monally responsive with an increased potential 
for accelerated growth in pregnancy. For more 
details on considerations for counseling, diagno-
sis, and management of brain tumors in preg-
nancy, please refer to Chap. 11.

�Pituitary Adenomas (Prolactinomas)

Pituitary adenomas comprise about 15% of intra-
cranial neoplasms and are often undiagnosed 
[205]. Prolactinoma is the most common type of 
pituitary adenoma and presents particular issues 
for pregnant patients. One of the biggest con-
cerns for women with lactotroph adenomas, or 
prolactinomas, is growth of the tumor. Adenoma 
growth is likely caused by increased serum estra-
diol in pregnancy, which promotes lactotroph 
hyperplasia. Studies have shown evidence of 
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more than doubling in pituitary size using mag-
netic resonance imaging (MRI) in pregnant ver-
sus nonpregnant women [206]. Risk of growth 
for those with microadenomas (<10 mm in diam-
eter) is low [207, 208]. A review of 14 studies by 
Molitch et al. showed that only 2.4% of patients 
with microadenomas showed a symptomatic 
increase in size during pregnancy whereas 
22.9% of women who had macroadenomas 
without prior treatment with surgery or radia-
tion had significant enlargement [209]. Women 
should be counseled about neurologic symp-
toms that could develop, more often in those 
with macroadenomas (about 13–36%), such as 
new headaches or visual changes. Additionally, 
if there is concern during pregnancy about ade-
noma growth or pituitary apoplexy secondary to 
ischemia or hemorrhage, MRI can be utilized 
due to lower fetal risk compared to CT [210]. 
There may be a small risk for developing pitu-
itary apoplexy during pregnancy in women who 
have pre-existing pituitary adenomas, which is 
caused by the pituitary gland enlarging by about 
3 mm at the end of pregnancy [211].

Treatment of prolactinomas is usually with 
dopamine agonists such as bromocriptine or cab-
ergoline, and often these medications are needed 
to correct prolactin levels and allow for normal 
ovulation and restoration of fertility. These medi-
cations are usually stopped with pregnancy, 
although there are no known adverse fetal out-
comes after exposure to these medications. For 
example, a study involving over 6000 pregnan-
cies with exposure to bromocriptine during the 
first month of pregnancy did not harm the fetus 
and incidence of spontaneous abortion, multiple 
births, and fetal malformations were comparable 
to those not on the medication [208]. The same 
has been found in a large study of cabergoline use 
at time of conception [209]. Another study fol-
lowed children up to age 9 who were exposed to 
bromocriptine in utero and no negative outcomes 
were found [212]. Interestingly, there is some 
data that bromocriptine may reduce the risk of 
miscarriage in women with a history of recurrent 
pregnancy loss [213, 214].

Women with a macroadenoma should be 
advised to delay pregnancy until they have a 

reduction in adenoma size with either a dopa-
mine agonist or surgery, if necessary, due to an 
adenoma refractory to medication or elevating 
the optic chiasm, especially given their increased 
risk for clinically significant enlargement in 
pregnancy [208]. Surgery lowers the risk for 
symptomatic enlargement in pregnancy [209].

In regard to planning pregnancy with micro-
adenomas, routine visual field testing is not 
needed and the Endocrine Society guidelines rec-
ommend against measuring prolactin because 
prolactin can be elevated from pregnancy alone 
[215]. If a pregnant woman were to develop 
visual symptoms, then visual testing should be 
performed. If a pregnant woman has a macroad-
enoma that extends above the sella, visual testing 
should be serially checked in pregnancy and sub-
sequent MRI without contrast can be performed 
if needed. The approach to workup and manage-
ment of pituitary and sellar tumors is discussed in 
detail in Chap. 12.

�Multiple Sclerosis (MS)

Pre-conception planning for women with MS 
generally involves understanding disease course 
in pregnancy and optimizing medications that are 
safe during pregnancy. MS is a disease that 
largely impacts childbearing aged women [216], 
but it significantly improves in pregnancy [217] 
with fewer relapses. A 2011 meta-analysis of 13 
studies that included 1221 pregnancies provided 
evidence that the period of pregnancy was associ-
ated with less MS disease activity whereas the 
postpartum state was associated with a rise in dis-
ease activity [218].

Important data is derived from the Pregnancy 
in Multiple Sclerosis Study (PRIMS) in which 
254 women were followed throughout 269 preg-
nancies and 12 months postpartum. PRIMS 
reported mean rates of relapse prior to pregnancy, 
in the first trimester, in the second trimester, in 
the third trimester, and in the first 3 months post-
partum of 0.7, 0.5, 0.6, 0.2, and 1.2 per woman 
per year, respectively [217]. Multiple other stud-
ies have suggested the same with decreased MS 
disease in pregnancy and an increase postpartum 
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[219, 220]. Reasons for postpartum relapses are 
not fully understood but postpartum triggers may 
include stress, fatigue, infection, or loss of ante-
natal immunosuppression impacted by estrogen 
[221]. Long-term sequelae from MS secondary to 
pregnancy is less clear [222–224].

While there is some controversy about the 
impact of MS on obstetrical outcomes, most data 
suggest that MS usually does not adversely affect 
pregnancy [225]. For example, spontaneous 
abortion and congenital malformations have not 
been higher in women with MS [218, 226, 227]. 
Also, studies are controversial as to whether birth 
weight is less [226, 228]; one study analyzing 
4730 women with MS showed a small but signifi-
cant increase in risk for intrauterine growth 
restriction [227]. Some patients with MS may 
have increased need for a vacuum-assisted vagi-
nal delivery or cesarean section [227, 228]. 
Delivery is usually not more difficult in MS how-
ever there can be issues with fatigue or spasticity 
of the pelvic floor. Delivery mode should be 
determined by obstetrical considerations; the 
largest prospective study looking at risk of post-
partum relapses did not show increased risk of 
postpartum relapses by delivery mode or epidural 
anesthesia [229]. Epidural anesthesia is safe for 
patients with MS and anesthesia should be based 
on obstetric needs [230].

Women with MS should plan for pregnancy 
once MS activity has been minimal for at least 1 
year and in good control for optimal pregnancy 
outcome [231]. Women with MS may be on 
numerous medications such as disease-modifying 
antirheumatic drugs (DMARDs), antimuscarin-
ics such as oxybutynin for bladder disorders, 
antispasmodics such as baclofen or diazepam, 
and anti-depressants. There are conflicting expert 
opinions regarding medication use and preg-
nancy, and it ultimately must involve weighing 
benefits and risk of specific drugs in pregnancy. 
There is limited evidence on use of DMARDs in 
pregnancy, and some drugs can be considered in 
pregnancy whereas others should be stopped 
[231–234]. Data from review of 761 pregnancies 
with exposure to interferon-beta showed a lower 
mean birth weight, shorter mean birth length, and 
pre-term birth but no increase in spontaneous 

abortions, congenital malformations, birth weight 
under 2500  g, or increased cesarean sections 
[235]. In this same study, data did not show 
adverse outcomes with either glatiramer acetate 
or natalizumab. While data on pregnancies 
exposed to such drugs is limited [235–238], 
patients should not abort pregnancy for these 
exposures [235, 239].

Patients with MS should not avoid pregnancy 
due to fear of passing the disease to their off-
spring. While there are some MS associated 
genetic variants [240] that have been studied in 
large cohorts, MS is not a Mendelian trait and 
risk of passing on MS is low. Evidence suggests 
that about 2% of those with MS will have affected 
children [241, 242]. Chapter 9 provides a detailed 
response to some of the most commonly encoun-
tered questions related to the evaluation and man-
agement of MS during pregnancy.

�Conclusion

It is clear that pre-conception planning is ideal 
for all pregnancies and particularly important for 
women affected by neurologic disorders in which 
multiple issues may be at play. The key tenants to 
care include proper diagnosis of neurologic dis-
ease and optimal pre-pregnancy management of 
disease with history and physical, neuroimaging, 
or medications if necessary. Continued discus-
sion of the risks and benefits to pregnancy as well 
as multidisciplinary collaboration for those with 
neurologic disease is paramount to providing 
education to patients and power for shared 
decision-making to make the best pre-conception 
plan.

References

1.	Bellanca HK, Hunter MS. ONE KEY QUESTION®: 
preventive reproductive health is part of high quality 
primary care. Contraception. 2013;88(1):3–6.

2.	ACOG Committee Opinion No. 762: prepregnancy 
counseling. Obstet Gynecol. 2019;133(1):e78–89.

3.	Crider KS, Bailey LB, Berry RJ.  Folic acid food 
fortification—its history, effect, concerns, and future 
directions. Nutrients. 2011;3(3):370–84.

1  Pre-conception Planning for Patients with Neurological Disorders



16

4.	Centers for Disease Control. Use of folic acid for 
prevention of spina bifida and other neural tube 
defects--1983-1991. MMWR Morb Mortal Wkly 
Rep. 1991;40(30):513–6.

5.	ACOG Committee Opinion No. 755: Well-Woman 
Visit. Obstet Gynecol. 2018;132(4):e181–6.

6.	 Johnson K, et al. Recommendations to improve pre-
conception health and health care--United States: 
a report of the CDC/ATSDR Preconception Care 
Work Group and the Select Panel on Preconception 
Care: (506902006-001). Washington, DC: American 
Psychological Association; 2006.

7.	Pereira L.  Obstetric management of the patient 
with spinal cord injury. Obstet Gynecol Surv. 
2003;58(10):678–86.

8.	Thierry JM. The importance of preconception care 
for women with disabilities. Matern Child Health J. 
2006;10(5 Suppl):S175–6.

9.	McLain AB, Massengill T, Klebine P.  Pregnancy 
and women with spinal cord injury. Arch Phys Med 
Rehabil. 2016;97(3):497–8.

10.	Wanner MB, Rageth CJ, Zäch GA. Pregnancy and 
autonomic hyperreflexia in patients with spinal cord 
lesions. Spinal Cord. 1987;25(6):482–90.

11.	Verduyn WH.  Spinal cord injured women, preg-
nancy and delivery. Paraplegia. 1986;24(4):231–40.

12.	Westgren N, et al. Pregnancy and delivery in women 
with a traumatic spinal cord injury in Sweden, 1980-
1991. Obstet Gynecol. 1993;81(6):926–30.

13.	Hughes SJ, et  al. Management of the pregnant 
woman with spinal cord injuries. Br J Obstet 
Gynaecol. 1991;98(6):513–8.

14.	American College of Obstetricians and 
Gynecologists. ACOG Committee Opinion: Number 
275, September 2002. Obstetric management of 
patients with spinal cord injuries. Obstet Gynecol. 
2002;100(3):625–7.

15.	Skowronski E, Hartman K.  Obstetric management 
following traumatic tetraplegia: case series and lit-
erature review: obstetric management following 
traumatic tetraplegia. Aust N Z J Obstet Gynaecol. 
2008;48(5):485–91.

16.	Greenspoon JS, Paul RH.  Paraplegia and quad-
riplegia: special considerations during pregnancy 
and labor and delivery. Am J Obstet Gynecol. 
1986;155(4):738–41.

17.	Ghidini A, et  al. Pregnancy and women with spi-
nal cord injuries. Acta Obstet Gynecol Scand. 
2008;87(10):1006–10.

18.	Baschat AA, Weiner C. Chronic neurologic diseases 
and disabling conditions in pregnancy. In: Welner 
SL, Haseltine F, editors. Welner’s guide to the care 
of women with disabilities. Philadelphia: Lippincott, 
Wiliams & Wilkins; 2004. p. 145–58.

19.	Ditunno JF, Formal CS. Chronic spinal cord injury. 
N Engl J Med. 1994;330(8):550–6.

20.	Le Liepvre H, et al. Pregnancy in spinal cord-injured 
women, a cohort study of 37 pregnancies in 25 
women. Spinal Cord. 2017;55(2):167–71.

21.	Krassioukov A, et  al. A systematic review of 
the management of autonomic dysreflexia after 
spinal cord injury. Arch Phys Med Rehabil. 
2009;90(4):682–95.

22.	Goller H. Pregnancy damage and birth-complications 
in the children of paraplegic women. Spinal Cord. 
1972;10(3):213–7.

23.	Signore C, et al. Pregnancy in women with physical 
disabilities. Obstet Gynecol. 2011;117(4):935–47.

24.	Vercauteren M, et  al. Neuraxial techniques in 
patients with pre-existing back impairment or prior 
spine interventions: a topical review with special 
reference to obstetrics. Acta Anaesthesiol Scand. 
2011;55(8):910–7.

25.	Wilson RD, et  al. Pre-conceptional vitamin/folic 
acid supplementation 2007: the use of folic acid 
in combination with a multivitamin supplement 
for the prevention of neural tube defects and other 
congenital anomalies. J Obstet Gynaecol Can. 
2007;29(12):1003–13.

26.	Cesario SK.  Spinal cord injuries: nurses can help 
affected women & their families achieve pregnancy 
birth. AWHONN Lifelines. 2002;6(3):224–32.

27.	Holmgren T, et  al. The influence of spinal cord 
injury on breastfeeding ability and behavior. J Hum 
Lact. 2018;34(3):556–65.

28.	Crane DA, et  al. Pregnancy outcomes in women 
with spinal cord injuries: a population-based study. 
PM&R. 2019;11(8):795–806.

29.	Yu JN.  Pregnancy and extracranial shunts: case 
report and review of the literature. J Fam Pract. 
1994;38(6):622–6.

30.	Maheut-Lourmiere J, Chu Tan S. [Hydrocephalus 
during pregnancy with or without neurosurgical his-
tory in childhood. Practical advice for management]. 
Neurochirurgie. 2000;46(2):117–21.

31.	Ng J, Kitchen N.  Neurosurgery and pregnancy. J 
Neurol Neurosurg Psychiatry. 2008;79(7):745–52.

32.	Petitti DB, et al. Incidence of stroke and myocardial 
infarction in women of reproductive age. Stroke. 
1997;28(2):280–3.

33.	James AH, et al. Incidence and risk factors for stroke 
in pregnancy and the puerperium. Obstet Gynecol. 
2005;106(3):509–16.

34.	Bateman BT, et  al. Intracerebral hemorrhage in 
pregnancy: frequency, risk factors, and outcome. 
Neurology. 2006;67(3):424–9.

35.	Lanska DJ, Kryscio RJ.  Risk factors for peripar-
tum and postpartum stroke and intracranial venous 
thrombosis. Stroke. 2000;31(6):1274–82.

36.	Kamel H, et  al. Risk of a thrombotic event after 
the 6-week postpartum period. N Engl J Med. 
2014;370(14):1307–15.

37.	Miller EC, et  al. Infections and risk of peripar-
tum stroke during delivery admissions. Stroke. 
2018;49(5):1129–34.

38.	Miller EC, et  al. Infection during delivery hospi-
talization and risk of readmission for postpartum 
stroke. Stroke. 2019;50(10):2685–91.

J. C. Fields and T. Rosen



17

39.	Ros HS, et  al. Pulmonary embolism and stroke 
in relation to pregnancy: how can high-risk 
women be identified? Am J Obstet Gynecol. 
2002;186(2):198–203.

40.	Bellos I, et  al. Safety of non-steroidal anti-
inflammatory drugs in postpartum period in women 
with hypertensive disorders of pregnancy: system-
atic review and meta-analysis. Ultrasound Obstet 
Gynecol. 2020;56(3):329–39.

41.	Lydakis C, et  al. Atenolol and fetal growth in 
pregnancies complicated by hypertension. Am J 
Hypertens. 1999;12(6):541–7.

42.	ACOG Practice Bulletin No. 203: chronic 
hypertension in pregnancy. Obstet Gynecol. 
2019;133(1):e26–50.

43.	Collins R, Yusuf S, Peto R. Overview of randomised 
trials of diuretics in pregnancy. Br Med J (Clin Res 
Ed). 1985;290(6461):17–23.

44.	Cooper WO, et al. Major congenital malformations 
after first-trimester exposure to ACE inhibitors. N 
Engl J Med. 2006;354(23):2443–51.

45.	Hosokawa A, Bar-Oz B, Ito S. Use of lipid-lowering 
agents (statins) during pregnancy. Can Fam 
Physician. 2003;49:747–9.

46.	Karalis DG, et  al. The risks of statin use in preg-
nancy: a systematic review. J Clin Lipidol. 
2016;10(5):1081–90.

47.	Sibai BM, Coppage KH. Diagnosis and management 
of women with stroke during pregnancy/postpartum. 
Clin Perinatol. 2004;31(4):853–68.

48.	Kearon C, et  al. Antithrombotic therapy for 
VTE disease: antithrombotic therapy and pre-
vention of thrombosis, 9th ed: American 
College of Chest Physicians Evidence-Based 
Clinical Practice Guidelines. Chest. 2012;141(2 
Suppl):e419S–96S.

49.	Trivedi R, Kirkpatrick P.  Arteriovenous malforma-
tions of the cerebral circulation that rupture in preg-
nancy. J Obstet Gynaecol. 2003;23(5):484–9.

50.	Amias AG. Cerebral vascular disease in pregnancy. 
I. Haemorrhage. J Obstet Gynaecol Br Commonw. 
1970;77(2):100–20.

51.	Fliegner JR, Hooper RS, Kloss M.  Subarachnoid 
haemorrhage and pregnancy. J Obstet Gynaecol Br 
Commonw. 1969;76(10):912–7.

52.	Robinson JL, Hall CJ, Sedzimir CB. Subarachnoid 
hemorrhage in pregnancy. J Neurosurg. 
1972;36(1):27–33.

53.	Robinson JL, Hall CS, Sedzimir CB. Arteriovenous 
malformations, aneurysms, and pregnancy. J 
Neurosurg. 1974;41(1):63–70.

54.	Porras JL, et  al. Hemorrhage risk of brain arte-
riovenous malformations during pregnancy and 
puerperium in a North American Cohort. Stroke. 
2017;48(6):1507–13.

55.	Horton JC, et al. Pregnancy and the risk of hemor-
rhage from cerebral arteriovenous malformations. 
Neurosurgery. 1990;27(6):867–72.

56.	Forster DMC, Kunkler IH, Hartland P. Risk of cere-
bral bleeding from arteriovenous malformations 

in pregnancy: the Sheffield experience. Stereotact 
Funct Neurosurg. 1993;61(1):20–2.

57.	Gross BA, Du R.  Hemorrhage from arteriovenous 
malformations during pregnancy. Neurosurgery. 
2012;71(2):349–56.

58.	Dias MS, Sekhar LN. Intracranial hemorrhage from 
aneurysms and arteriovenous malformations dur-
ing pregnancy and the puerperium. Neurosurgery. 
1990;27(6):855–66.

59.	Liu X-J, et  al. Risk of cerebral arteriovenous mal-
formation rupture during pregnancy and puerperium. 
Neurology. 2014;82(20):1798–803.

60.	Skidmore FM, et  al. Presentation, etiology, and 
outcome of stroke in pregnancy and puerperium. J 
Stroke Cerebrovasc Dis. 2001;10(1):1–10.

61.	Lanzino G, et al. Arteriovenous malformations that 
rupture during pregnancy: a management dilemma. 
Acta Neurochir (Wien). 1994;126(2–4):102–6.

62.	Crawford PM, et  al. Arteriovenous malformations 
of the brain: natural history in unoperated patients. J 
Neurol Neurosurg Psychiatry. 1986;49(1):1–10.

63.	Can A, Du R.  Neurosurgical issues in pregnancy. 
Semin Neurol. 2017;37(6):689–93.

64.	da Costa L, et al. The natural history and predictive 
features of hemorrhage from brain arteriovenous 
malformations. Stroke. 2009;40(1):100–5.

65.	Hernesniemi JA, et  al. Natural history of brain 
arteriovenous malformations. Neurosurgery. 
2008;63(5):823–31.

66.	Forster DMC, Steiner L, Håkanson S. Arteriovenous 
malformations of the brain: a long-term clinical 
study. J Neurosurg. 1972;37(5):562–70.

67.	Yamada S, et al. Risk factors for subsequent hemor-
rhage in patients with cerebral arteriovenous malfor-
mations. J Neurosurg. 2007;107(5):965–72.

68.	Gross BA, Du R. The natural history of moyamoya 
in a North American adult cohort. J Clin Neurosci. 
2013;20(1):44–8.

69.	Stapf C, et al. Predictors of hemorrhage in patients 
with untreated brain arteriovenous malformation. 
Neurology. 2006;66(9):1350–5.

70.	Kader A, et  al. The influence of hemodynamic 
and anatomic factors on hemorrhage from cere-
bral arteriovenous malformations. Neurosurgery. 
1994;34(5):801–7; discussion 807–8.

71.	Meyers PM, et  al. Endovascular treatment of 
cerebral artery aneurysms during pregnancy: 
report of three cases. AJNR Am J Neuroradiol. 
2000;21(7):1306–11.

72.	Tonetti D, et  al. Hemorrhage during pregnancy in 
the latency interval after stereotactic radiosurgery 
for arteriovenous malformations: clinical article. J 
Neurosurg. 2014;121(Suppl_2):226–31.

73.	Mohr JP, et al. Medical management with or with-
out interventional therapy for unruptured brain 
arteriovenous malformations (ARUBA): a mul-
ticentre, non-blinded, randomised trial. Lancet. 
2014;383(9917):614–21.

74.	Jaigobin C, Silver FL. Stroke and pregnancy. Stroke. 
2000;31(12):2948–51.

1  Pre-conception Planning for Patients with Neurological Disorders



18

75.	Salonen Ros H, et  al. Increased risks of circula-
tory diseases in late pregnancy and puerperium. 
Epidemiology. 2001;12(4):456–60.

76.	Tiel Groenestege AT, et al. The risk of aneurysmal 
subarachnoid hemorrhage during pregnancy, deliv-
ery, and the puerperium in the Utrecht population: 
case-crossover study and standardized incidence 
ratio estimation. Stroke. 2009;40(4):1148–51.

77.	Kim YW, Neal D, Hoh BL.  Cerebral aneurysms 
in pregnancy and delivery: pregnancy and deliv-
ery do not increase the risk of aneurysm rupture. 
Neurosurgery. 2013;72(2):143–50.

78.	Robba C, et  al. Aneurysmal subarachnoid hemor-
rhage in pregnancy-case series, review, and pooled 
data analysis. World Neurosurg. 2016;88:383–98.

79.	Katayama Y, et  al. Surgical management of cav-
ernous malformations of the third ventricle. J 
Neurosurg. 1994;80(1):64–72.

80.	Yamasaki T, et  al. Intracranial and orbital cavern-
ous angiomas: a review of 30 cases. J Neurosurg. 
1986;64(2):197–208.

81.	Zauberman H, Feinsod M.  Orbital hemangi-
oma growth during pregnancy. Acta Ophthalmol 
(Copenh). 1970;48(5):929–33.

82.	Porter RW, et  al. Cavernous malformations of 
the brainstem: experience with 100 patients. J 
Neurosurg. 1999;90(1):50–8.

83.	Simonazzi G, et  al. Symptomatic cerebral caver-
nomas in pregnancy: a series of 6 cases and review 
of the literature. J Matern Fetal Neonatal Med. 
2014;27(3):261–4.

84.	Kaya AH, et al. There are no estrogen and progester-
one receptors in cerebral cavernomas. Surg Neurol. 
2009;72(3):263–5.

85.	Pozzati E, Musiani M.  Cavernous hemangioma. J 
Neurosurg. 1998;89(3):498–9.

86.	Flemming KD, Goodman BP, Meyer FB. Successful 
brainstem cavernous malformation resection after 
repeated hemorrhages during pregnancy. Surg 
Neurol. 2003;60(6):545–7.

87.	Robinson JR, Awad IA, Little JR.  Natural his-
tory of the cavernous angioma. J Neurosurg. 
1991;75(5):709–14.

88.	Kalani MYS, Zabramski JM. Risk for symptomatic 
hemorrhage of cerebral cavernous malformations 
during pregnancy: clinical article. J Neurosurg. 
2013;118(1):50–5.

89.	Witiw CD, et al. Cerebral cavernous malformations 
and pregnancy. Neurosurgery. 2012;71(3):626–31.

90.	Joseph NK, et  al. Influence of pregnancy 
on hemorrhage risk in women with cerebral 
and spinal cavernous malformations. Stroke. 
2021;52(2):434–41.

91.	Fukushima K, et  al. A retrospective chart review 
of the perinatal period in 22 pregnancies of 16 
women with moyamoya disease. J Clin Neurosci. 
2012;19(10):1358–62.

92.	Komiyama M, et  al. Moyamoya disease and preg-
nancy: case report and review of the literature. 
Neurosurgery. 1998;43(2):360–8.

93.	Scott RM, Smith ER.  Moyamoya disease 
and moyamoya syndrome. N Engl J Med. 
2009;360(12):1226–37.

94.	 Ikezaki K, et  al. A clinical comparison of definite 
moyamoya disease between South Korea and Japan. 
Stroke. 1997;28(12):2513–7.

95.	Liu X-J, et  al. Intracranial hemorrhage from moy-
amoya disease during pregnancy and puerperium. 
Int J Gynecol Obstet. 2014;125(2):150–3.

96.	Sato K, et  al. Vaginal delivery under epidural 
analgesia in pregnant women with a diagnosis 
of moyamoya disease. J Stroke Cerebrovasc Dis. 
2015;24(5):921–4.

97.	Takahashi JC, et al. Pregnancy and delivery in moy-
amoya disease: results of a nationwide survey in 
Japan. Neurol Med Chir. 2012;52(5):304–10.

98.	Tanaka H, et al. Vaginal delivery in pregnancy with 
moyamoya disease: experience at a single insti-
tute: pregnancy with moyamoya disease. J Obstet 
Gynaecol Res. 2015;41(4):517–22.

99.	Sei K, Sasa H, Furuya K.  Moyamoya disease 
and pregnancy: case reports and criteria for 
successful vaginal delivery. Clin Case Rep. 
2015;3(4):251–4.

100.	Miller EC, Leffert L. Stroke in pregnancy: a focused 
update. Anesth Analg. 2020;130(4):1085–96.

101.	Maragkos GA, et  al. Moyamoya disease in preg-
nancy: a systematic review. Acta Neurochir (Wien). 
2018;160(9):1711–9.

102.	 Inayama Y, et al. Moyamoya disease in pregnancy: 
a 20-year single-center experience and literature 
review. World Neurosurg. 2019;122:684–691.e2.

103.	Kernan WN, et al. Guidelines for the prevention of 
stroke in patients with stroke and transient ischemic 
attack: a guideline for healthcare professionals from 
the American Heart Association/American Stroke 
Association. Stroke. 2014;45(7):2160–236.

104.	Stewart WF, et  al. Prevalence of migraine head-
ache in the United States. Relation to age, income, 
race, and other sociodemographic factors. JAMA. 
1992;267(1):64–9.

105.	Loder E, Silberstein SD. Headaches in women. 
In: Silberstein SD, Lipton RB, Dodick D, editors. 
Wolff’s headache and other head pain. New York: 
Oxford University Press; 2008. p. 691–710.

106.	MacGregor EA.  Headache in pregnancy. Neurol 
Clin. 2012;30(3):835–66.

107.	Macgregor EA. Headache in pregnancy. Continuum 
(Minneap Minn). 2014;20:128–47.

108.	Kvisvik EV, et  al. Headache and migraine during 
pregnancy and puerperium: the MIGRA-study. J 
Headache Pain. 2011;12(4):443–51.

109.	Wainscott G, et  al. The outcome of pregnancy in 
women suffering from migraine. Postgrad Med J. 
1978;54(628):98–102.

110.	Skajaa N, et al. Pregnancy, birth, neonatal, and post-
natal neurological outcomes after pregnancy with 
migraine. Headache. 2019;59(6):869–79.

111.	Lipton RB, et  al. Efficacy and safety of acetamin-
ophen in the treatment of migraine: results of a 

J. C. Fields and T. Rosen



19

randomized, double-blind, placebo-controlled, 
population-based study. Arch Intern Med. 
2000;160(22):3486–92.

112.	Morris JL, Rosen DA, Rosen KR. Nonsteroidal anti-
inflammatory agents in neonates. Paediatr Drugs. 
2003;5(6):385–405.

113.	Mathew NT.  Transformed migraine, analgesic 
rebound, and other chronic daily headaches. Neurol 
Clin. 1997;15(1):167–86.

114.	Rapoport A, et  al. Analgesic rebound headache 
in clinical practice: data from a physician survey. 
Headache. 1996;36(1):14–9.

115.	Evans EW, Lorber KC.  Use of 5-HT1 agonists in 
pregnancy. Ann Pharmacother. 2008;42(4):543–9.

116.	Cunnington M, Ephross S, Churchill P. The safety of 
sumatriptan and naratriptan in pregnancy: what have 
we learned? Headache. 2009;49(10):1414–22.

117.	Yang K.  Placental 11 beta-hydroxysteroid dehy-
drogenase: barrier to maternal glucocorticoids. Rev 
Reprod. 1997;2(3):129–32.

118.	Edwards CR, et al. Dysfunction of placental gluco-
corticoid barrier: link between fetal environment and 
adult hypertension? Lancet. 1993;341(8841):355–7.

119.	Banhidy F, et al. Ergotamine treatment during preg-
nancy and a higher rate of low birthweight and pre-
term birth. Br J Clin Pharmacol. 2007;64(4):510–6.

120.	Hughes HE, Goldstein DA. Birth defects following 
maternal exposure to ergotamine, beta blockers, and 
caffeine. J Med Genet. 1988;25(6):396–9.

121.	Jahanfar S, Jaafar SH.  Effects of restricted caf-
feine intake by mother on fetal, neonatal and preg-
nancy outcomes. Cochrane Database Syst Rev. 
2015;(6):CD006965.

122.	Maslova E, et al. Caffeine consumption during preg-
nancy and risk of preterm birth: a meta-analysis. Am 
J Clin Nutr. 2010;92(5):1120–32.

123.	Service, U.S.D.o.A.A.R., National Nutrient 
Database for Standard Reference Release. USDA.
gov.

124.	Campbell JK, Penzien DB, Wall EM, the US 
Headache Consortium. In: Evidence-based guide-
lines for migrane headache: behavioral and physical 
treatments. AOA.net.

125.	Silberstein SD, Dodick DW, Bigal ME.  Migraine 
treatment. In: Silberstein SD, Lipton RB, Dodick 
DW, editors. Wolff’s headache and other head 
pain. New  York: Oxford University Press; 2008. 
p. 177–292.

126.	McGrath A, et al. Pregnancy-related knowledge and 
information needs of women with epilepsy: a sys-
tematic review. Epilepsy Behav. 2014;31:246–55.

127.	Sabers A.  Influences on seizure activity in preg-
nant women with epilepsy. Epilepsy Behav. 
2009;15(2):230–4.

128.	Tomson T, et  al. Management of epilepsy in preg-
nancy: a report from the International League 
Against Epilepsy Task Force on Women and 
Pregnancy. Epileptic Disord. 2019;21(6):497–517.

129.	Harden CL, et al. Practice parameter update: man-
agement issues for women with epilepsy--focus on 

pregnancy (an evidence-based review): teratogen-
esis and perinatal outcomes: report of the Quality 
Standards Subcommittee and Therapeutics and 
Technology Assessment Subcommittee of the 
American Academy of Neurology and American 
Epilepsy Society. Neurology. 2009;73(2):133–41.

130.	Pennell PB, et al. Lamotrigine in pregnancy: clear-
ance, therapeutic drug monitoring, and seizure fre-
quency. Neurology. 2008;70(22 Pt 2):2130–6.

131.	Abe K, et  al. Impact of planning of pregnancy in 
women with epilepsy on seizure control during 
pregnancy and on maternal and neonatal outcomes. 
Seizure. 2014;23(2):112–6.

132.	Tomson T, et  al. Pregnancy registries: differences, 
similarities, and possible harmonization. Epilepsia. 
2010;51(5):909–15.

133.	Wyszynski DF, et  al. Increased rate of major mal-
formations in offspring exposed to valproate during 
pregnancy. Neurology. 2005;64(6):961–5.

134.	Tomson T, et  al. Valproate in the treatment of epi-
lepsy in girls and women of childbearing potential. 
Epilepsia. 2015;56(7):1006–19.

135.	Sen A, Nashef L.  New regulations to cut 
valproate-exposed pregnancies. Lancet. 
2018;392(10146):458–60.

136.	Meador KJ, et  al. Fetal antiepileptic drug expo-
sure and cognitive outcomes at age 6 years (NEAD 
study): a prospective observational study. Lancet 
Neurol. 2013;12(3):244–52.

137.	Reinisch JM, et al. In utero exposure to phenobar-
bital and intelligence deficits in adult men. JAMA. 
1995;274(19):1518–25.

138.	Meador KJ, et  al. Cognitive function at 3 years of 
age after fetal exposure to antiepileptic drugs. N 
Engl J Med. 2009;360(16):1597–605.

139.	Harden CL, et al. Practice parameter update: man-
agement issues for women with epilepsy--focus on 
pregnancy (an evidence-based review): 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 American Epilepsy Society. 
Neurology. 2009;73(2):126–32.

140.	Harden CL, et al. Practice parameter update: man-
agement issues for women with epilepsy--focus 
on pregnancy (an evidence-based review): vita-
min K, folic acid, blood levels, and breastfeed-
ing: report of the Quality Standards Subcommittee 
and Therapeutics and Technology Assessment 
Subcommittee of the American Academy of 
Neurology and American Epilepsy Society. 
Neurology. 2009;73(2):142–9.

141.	McAuley JW, Anderson GD.  Treatment of epi-
lepsy in women of reproductive age: pharma-
cokinetic considerations. Clin Pharmacokinet. 
2002;41(8):559–79.

142.	Fountain NB, et al. Quality improvement in neurol-
ogy: Epilepsy Update Quality Measurement Set. 
Neurology. 2015;84(14):1483–7.

1  Pre-conception Planning for Patients with Neurological Disorders

http://usda.gov
http://usda.gov
http://aoa.net


20

143.	Viale L, et  al. Epilepsy in pregnancy and repro-
ductive outcomes: a systematic review and meta-
analysis. Lancet. 2015;386(10006):1845–52.

144.	MacDonald SC, et al. Mortality and morbidity dur-
ing delivery hospitalization among pregnant women 
with epilepsy in the United States. JAMA Neurol. 
2015;72(9):981–8.

145.	Richmond JR, et  al. Epilepsy and pregnancy: 
an obstetric perspective. Am J Obstet Gynecol. 
2004;190(2):371–9.

146.	Borthen I, et  al. Complications during pregnancy 
in women with epilepsy: population-based cohort 
study: complications during pregnancy in women 
with epilepsy. BJOG. 2009;116(13):1736–42.

147.	Meador KJ, et al. Fetal loss and malformations in the 
MONEAD study of pregnant women with epilepsy. 
Neurology. 2020;94(14):e1502–11.

148.	Pennell PB, Davis A.  Selecting contraception in 
women treated with antiepileptic drugs. In: Klein 
A, Angela O’Neal M, Scrifres C, et  al., editors. 
Neurological illness in pregnancy: principles 
and practice. New  York: Wiley Publishing; 2016. 
p. 110.

149.	Practice Bulletin No. 187: neural tube defects. 
Obstet Gynecol. 2017;130(6):e279–90.

150.	Gynecologists., A.C.o.O.a. Preconception and inter-
conception care. In: ACOG, editor. Guidelines for 
women’s health care; 2014.

151.	Ottman R, et al. Higher risk of seizures in offspring 
of mothers than of fathers with epilepsy. Am J Hum 
Genet. 1988;43(3):257–64.

152.	Schupf N, Ottman R. Risk of epilepsy in offspring of 
affected women: association with maternal sponta-
neous abortion. Neurology. 2001;57(9):1642–9.

153.	Peljto AL, et  al. Familial risk of epilepsy: a 
population-based study. Brain. 2014;137(Pt 
3):795–805.

154.	Bruno MK, Harden CL. Epilepsy in pregnant women. 
Curr Treat Options Neurol. 2002;4(1):31–40.

155.	Hamel J, Ciafaloni E.  An update. Neurol Clin. 
2018;36(2):355–65.

156.	Amato AA, Russell J.  Neuromuscular disorders. 
Boston: Mc-Graw-Hill Educational Medical; 2016.

157.	Norwood F, et  al. Myasthenia in pregnancy: best 
practice guidelines from a U.K. multispecialty 
working group. J Neurol Neurosurg Psychiatry. 
2014;85(5):538–43.

158.	Wolfe GI, et  al. Randomized trial of thymec-
tomy in myasthenia gravis. J Thorac Dis. 
2016;8(12):E1782–3.

159.	Sanders DB, et al. International consensus guidance 
for management of myasthenia gravis: executive 
summary. Neurology. 2016;87(4):419–25.

160.	Wolfe GI, et  al. Randomized trial of thymec-
tomy in myasthenia gravis. N Engl J Med. 
2016;375(6):511–22.

161.	Djelmis J, et  al. Myasthenia gravis in pregnancy: 
report on 69 cases. Eur J Obstet Gynecol Reprod 
Biol. 2002;104(1):21–5.

162.	Hoff JM, Daltveit AK, Gilhus NE. Myasthenia gra-
vis in pregnancy and birth: identifying risk factors, 
optimising care. Eur J Neurol. 2007;14(1):38–43.

163.	Massey JM, De Jesus-Acosta C.  Pregnancy and 
myasthenia gravis. Continuum. 2014;20(1):115–27.

164.	Durst JK, Rampersad RM. Pregnancy in women with 
solid-organ transplants: a review. Obstet Gynecol 
Surv. 2015;70(6):408–18.

165.	Gotestam Skorpen C, et  al. The EULAR points to 
consider for use of antirheumatic drugs before preg-
nancy, and during pregnancy and lactation. Ann 
Rheum Dis. 2016;75(5):795–810.

166.	Perez-Aytes A, et al. In utero exposure to mycophe-
nolate mofetil: a characteristic phenotype? Am J 
Med Genet A. 2008;146A(1):1–7.

167.	Kylat R. What is the teratogenic risk of mycopheno-
late? J Pediatr Genet. 2017;6(2):111–4.

168.	Chakravarty EF, et  al. Pregnancy outcomes 
after maternal exposure to rituximab. Blood. 
2011;117(5):1499–506.

169.	Varner M.  Myasthenia gravis and pregnancy. Clin 
Obstet Gynecol. 2013;56(2):372–81.

170.	Watson WJ, Katz VL, Bowes WA Jr. Plasmapheresis 
during pregnancy. Obstet Gynecol. 1990;76(3 Pt 
1):451–7.

171.	Guidon AC, Massey EW. Neuromuscular disorders 
in pregnancy. Neurol Clin. 2012;30(3):889–911.

172.	Clark AL.  Clinical uses of intravenous immu-
noglobulin in pregnancy. Clin Obstet Gynecol. 
1999;42(2):368–80.

173.	Braga AC, et  al. Myasthenia gravis in pregnancy: 
experience of a portuguese center. Muscle Nerve. 
2016;54(4):715–20.

174.	Batocchi AP, et  al. Course and treatment of myas-
thenia gravis during pregnancy. Neurology. 
1999;52(3):447–52.

175.	Ciafaloni E, Massey JM.  The management of 
myasthenia gravis in pregnancy. Semin Neurol. 
2004;24(1):95–100.

176.	Ohlraun S, et al. Impact of myasthenia gravis on fam-
ily planning: how do women with myasthenia gravis 
decide and why? Muscle Nerve. 2015;52(3):371–9.

177.	Edmundson C, Guidon AC. Neuromuscular disorders 
in pregnancy. Semin Neurol. 2017;37(6):643–52.

178.	Ducci RD, et al. Clinical follow-up of pregnancy in 
myasthenia gravis patients. Neuromuscul Disord. 
2017;27(4):352–7.

179.	Ferrero S, et  al. Myasthenia gravis: management 
issues during pregnancy. Eur J Obstet Gynecol 
Reprod Biol. 2005;121(2):129–38.

180.	Hoff JM, Daltveit AK, Gilhus NE. Myasthenia gra-
vis: consequences for pregnancy, delivery, and the 
newborn. Neurology. 2003;61(10):1362–6.

181.	Benshushan A, Rojansky N, Weinstein 
D. Myasthenia gravis and preeclampsia. Isr J Med 
Sci. 1994;30(3):229–33.

182.	Piura B.  The association of preeclampsia and 
myasthenia gravis: double trouble. Isr J Med Sci. 
1994;30(3):243–4.

J. C. Fields and T. Rosen


