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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management of such conditions is loosely based on old and outdated evi-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].

J. C. Fields and T. Rosen
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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.
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2Mode of Delivery in Pregnant 
Women with Neurological 
Disorders

Jessica C. Fields and Todd Rosen

 Introduction

 Mode of Delivery in Pregnancy

Delivery options in pregnancy include a vaginal 
delivery, assisted vaginal delivery with utilization 
of a vacuum or forceps, or a cesarean delivery. In 
general, for pregnancies that are low risk, the saf-
est mode of delivery is vaginally, as it is known 
that cesarean delivery is associated with increased 
risk of maternal morbidity and mortality [1], 
especially because of augmented risk from repeat 
cesarean deliveries in future pregnancies [2]. 
Over time, countries such as the USA have 
become witness to a rising cesarean delivery rate, 
which is in part due to modifiable factors [3, 4]. 
Therefore, an effort has been set forth to prevent 
the first cesarean for each patient because it may 
lead to problems in subsequent pregnancies [5]. 
Ultimately, optimal mode of delivery should be 
determined after in-depth multidisciplinary eval-
uation of potential medical or obstetrical indica-
tions and analysis of benefits and risks to each 
option.

 Mode of Delivery in Pregnancy 
Complicated by Neurosurgical 
Disorders

Management of pregnant women with neurosur-
gical disorders is difficult, with two lives at stake, 
and determining optimal mode of delivery can be 
quite challenging. As in the general population, a 
vaginal delivery is recommended if minimal risks 
are at stake. The general consensus is that cesar-
ean delivery should be recommended in cases of 
obstetric indication or neurologically unstable 
patients. Otherwise, there is an overall paucity of 
definitive guidance for neurosurgical patients 
undergoing labor and delivery.

It is important to understand how pregnancy 
and labor may contribute to clinically significant 
changes in the brain to understand the special 
considerations one must address in the neurosur-
gical patient. Large hemodynamic changes occur 
in pregnancy due to high metabolic demand that 
begin in the first trimester and increase even more 
during labor and delivery. Such changes includ 
increased cardiac output and plasma volume with 
a rise of about 40–50% [6–8] which predispose 
pregnant women to circulatory issues. Yet, unlike 
other organs which can accommodate these 
changes more easily, the brain and cerebral circu-
lation must adapt to maintain homeostasis in 
ways such as preventing constriction of cerebro-
vascular circulation and maintaining adequate 
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cerebrovascular resistance and flow in addition to 
protecting from increases in blood–brain barrier 
permeability [9]. At the same time, there may be 
brain changes secondary to hormones such as 
estrogen, progesterone, and vascular endothelial 
growth factor [10]. Furthermore, pregnancy may 
impact blood vessel integrity with an initial 
higher vascular distensibility that is later replaced 
by more vulnerable vessel walls that can be dam-
aged by hemodynamic stress [6, 11].

In addition to these vascular changes, studies 
have focused on characterizing changes in cere-
brospinal fluid (CSF) pressure during pregnancy. 
Marx et al. in the 1960s studied lumbar CSF pres-
sure in pregnancy at rest and in labor and found 
that increased CSF pressure occurred with con-
tractions and simultaneous panting, bearing 
down, or changing respiratory function of the 
patient [12]. Hopkins et al. followed up this study 
to determine that CSF pressure increased with 
contractions and pushing as well [13]. These 
studies suggest that painful contractions and 
Valsalva can increase intracranial pressure (ICP), 
potentially worsening an already elevated ICP in 
a neurosurgical patient [14]. Moreover, mean 
cerebral blood flow velocity decreases with 
hyperventilation and increases with blood pres-
sure secondary to pain from uterine contractions 
[15, 16]. Thus, during labor, the impact of uterine 
contractions, pain, and pushing with Valsalva on 
cerebrovascular and pressure dynamics raises 
concern about the potential for neurological 
complication.

 Anesthesiology in Pregnancy 
Complicated by Neurosurgical 
Disorders

In all cases, anesthesiology consultation should 
be performed pre-delivery to allow for a compre-
hensive review of prior records including imag-
ing studies. An anesthesia consult is a crucial 
adjunct to the mode of delivery conversation for 
patients. General anesthesia concerns include 
increased ICP, intracranial mass effect, risk for 
brain herniation, reactions to medications such as 

succinylcholine, difficulty in performing neurax-
ial procedures from changes in anatomy, and dif-
ficulty in managing the airway [17–20].

Neuraxial anesthesia is usually preferred as 
long as it is deemed safe and feasible because it 
provides the best labor pain management and 
anesthesia for a cesarean delivery. One goal of 
anesthesia is to minimize pain to mitigate acute 
changes in CSF pressure. In general, pregnancy 
may cause a slow rise in baseline lumbar epidural 
pressure likely from the space-occupying effect 
of increased blood volume in epidural veins. 
Evidence shows that those with baseline elevated 
ICP will have a transient rise in ICP after epidural 
[20–23] and this may be a source of concern in 
anesthesia selection. When considering safe 
placement of neuraxial anesthesia, there should 
be maintenance of continued CSF flow without 
large pressure differences between the intracra-
nial and intraspinal compartments to prevent loss 
of CSF volume through the dural puncture and 
brain herniation [20].

Cases in which general anesthesia is preferred 
must be determined; for the most part, pregnant 
women with altered mental status or inability to 
cooperate cannot receive neuraxial anesthesia 
[24]. Furthermore, when considering postpartum 
or post-operative analgesia, use of acetamino-
phen and nonsteroidal anti-inflammatory agents 
can reduce opioid use [25, 26] and other methods 
such as transverse abdominis plane blocks or 
catheters can be very effective in these patients if 
there is no contraindication [27, 28]. 
Considerations regarding selection of anesthesia 
and analgesia for pregnant patients is discussed 
in detail in Chaps. 19 and 20.

While we delineate general recommendations 
for mode of delivery below, it is important to rec-
ognize the need to individualize care with thor-
ough assessment of one’s neurosurgical condition 
before selecting the optimal delivery route. Given 
variability in neurosurgical disorders and specific 
clinical scenarios, pregnant women should be 
evaluated on a case-by-case basis with multidis-
ciplinary collaboration among neurologists, neu-
rosurgeons, obstetricians, and anesthesiologists 
to determine optimal mode of delivery.
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 Chiari Malformations (CM)

 Delivery Considerations

Chiari malformation (CM) Type I has been the 
most well studied in pregnant women and will 
likely be more increasingly common during 
pregnancy due to the increasing rate of CM diag-
nosis [29, 30]. Due to limited evidence, there is 
no established universally accepted protocol 
guiding mode of delivery or anesthesia type in 
this population [31, 32]. Careful consideration of 
delivery route for each patient with CMI should 
be performed, however, review of the current lit-
erature leads us to a recommendation of vaginal 
delivery for most of these patients.

With CM, there is displacement of the cere-
bellar tonsils through the foramen magnum with 
risk for hydrocephalus, syringomyelia, and brain-
stem compression. Specifically, about 40–50% of 
those with CM-I will have syringomyelia [33]. 
Increased ICP and changes in CSF flow augment 
the risk of herniation or decreased cerebral perfu-
sion pressure [34, 35], which have made selec-
tion of optimal delivery mode a challenge. 
Historically, cesarean delivery was recommended 
for women with CM-I or syringomyelia due to 
the perceived exacerbated neurological risks 
including worsened symptoms during maternal 
pushing and Valsalva maneuvers with the theo-
retical risk for a transient increase in ICP to result 
in a progressive hindbrain herniation over time 
[33, 36–39]. Symptoms vary but may include 
weakness, burning pain in the neck or back, 
parathesias in extremities, and referred chest pain 
[40, 41] as well as a “tussive headache” [42, 43], 
and it is important that a symptomatic patient 
undergo full formal neurological evaluation prior 
to delivery [39].

Despite historical recommendation for cesar-
ean delivery, many recent case reports and stud-
ies provide evidence for uneventful vaginal 
deliveries in this population [44–46]. For exam-
ple, Roper et al. performed a 14-year retrospec-
tive case series of women with CM and found 
vaginal delivery to be safe [46]. A recent retro-

spective cohort study by Knafo et al. showed no 
increased clinical or radiological neurological 
compromise in women with CM-I and/or syrin-
gomyelia who had a vaginal delivery with neur-
axial anesthesia versus those who had a cesarean 
delivery under general anesthesia [47]. Two addi-
tional large case series involving 148 and 63 
patients, respectively, found no neurologic dete-
rioration in women undergoing vaginal deliveries 
[48, 49]. In the latter study, many women experi-
enced symptomatic CM-I such as headaches yet 
vaginal delivery was not associated with worsen-
ing of these symptoms [49]. Moreover, for those 
undergoing a vaginal delivery, it is reasonable to 
offer a passive second stage with a vacuum or 
forceps assisted delivery to avoid risk for 
increased intracranial pressure with Valsalva 
[33]. Thus, this emerging body of evidence sup-
porting vaginal delivery challenges the classic 
recommendation.

It is difficult to determine optimal delivery 
mode in the other types of CM given the dearth of 
research and rarity of these types. Due to wors-
ened severity of Types II, III, and IV and con-
comitant symptoms with possible life-threatening 
complications, it may be reasonable to consider 
cesarean section for these patients.

 Anesthesia Considerations

Optimal anesthesia for patients with CM contin-
ues to be debated. Previously, neuraxial anesthe-
sia was not recommended due to concern for a 
dural puncture to exacerbate symptoms or cause 
worsening of tonsillar herniation [47, 50–52]. 
Traditionally, general anesthesia was the anes-
thetic of choice for patients with CM in order to 
prevent changes in CSF pressure and ICP eleva-
tion [53, 54]. Some studies have recommended 
cesarean delivery under general anesthesia to 
avoid the consequence of dural puncture [39] but 
other risks with general anesthesia remain, such 
as difficulties in securing an airway or hyperex-
tension of the neck during intubation which can 
compress the foramen magnum [33, 52, 55].
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Some recent studies suggest no harm with 
neuraxial anesthesia but given the low rates of 
dural tears in the general population of about 
1–2% [44, 56, 57], more studies with larger case 
numbers are needed to fully understand risks. 
Spinal anesthesia has been administered without 
complication in women with surgically corrected 
CM I [33, 58, 59]. It is reasonable to provide 
neuraxial anesthesia to those with asymptomatic 
type 1 CM [20]. At the same time, there is theo-
retical concern for neuraxial anesthesia espe-
cially in those with uncorrected or symptomatic 
CMI due to possibility of compression of struc-
tures at the level of the foramen magnum or 
increased ICP [60] and two older case reports 
have highlighted poor neurological outcomes 
[51, 52]. Additionally, Choi et al. recommended a 
combined spinal-epidural as the safest anesthetic 
procedure [34] but superiority of technique has 
been difficult to establish [31]. Thus, when taken 
in sum, it is reasonable to offer neuraxial pain 
management to this population but anesthesia 
consultation prior to delivery should be per-
formed due to need for an optimized individual-
ized plan [44]. In general, early pain management 
has been suggested to promote a successful 
uncomplicated delivery [33, 34].

Details regarding the evaluation and manage-
ment of CM in pregnant patients are discussed in 
Chap. 33.

 Spinal Cord Injury (SCI)

 Delivery Considerations

We recommend vaginal delivery for pregnancy in 
women with SCI. Spontaneous vaginal delivery 
rates vary and an assisted vaginal delivery with 
forceps or a vacuum may be needed. 
Approximately 30% of women with SCI need 
cesarean sections according to some studies [61–
64]. Additionally, pre-term labor is controversial 
in those with SCI with some series reporting 
comparable numbers to the general population 
and others seeing increased pre-term delivery, up 

to about 20% in one study for example [65]. 
Episiotomy is not usually advised given possible 
risk for dehiscence given the sedentary nature of 
SCI patients [66].

One issue with labor for women with SCI is 
the inability to detect labor pain which is depen-
dent on the level of the spinal injury; specifically, 
transection above T10 is associated with unrec-
ognized contractions whereas those with injury 
below T11 will detect labor pain. Despite the 
inability for some to feel pain, neuraxial anesthe-
sia is still recommended; providing an early epi-
dural extending to the T10 level may help prevent 
autonomic dysreflexia (ADR) even if not for pain 
[67–69]. Pre-hydration is also important before 
epidurals given the risk for hypotension. 
Furthermore, women with spinal cord transection 
above T10 require additional monitoring to pre-
vent an unattended delivery including learning 
how to palpate the uterus for contractions, obtain-
ing weekly cervical checks, and potentially being 
hospitalized near term. Additionally, symptoms 
that are driven by the sympathetic nervous sys-
tem such as leg spasms, shortness of breath, or 
increased spasticity should be assessed for as sur-
rogate signs of labor. While in labor, patients 
should have their position changed frequently 
along with skin examinations to prevent decubi-
tus ulcer formation. Furthermore, use of an 
indwelling Foley catheter is helpful to avoid 
bladder distension and initiation of a bowel regi-
men is important to prevent constipation [70].

Another issue is risk for autonomic dysre-
flexia, which most often occurs in labor. Women 
with SCI should deliver in a unit that can perform 
invasive hemodynamic monitoring if needed. For 
patients with baseline pulmonary insufficiency, 
continuous hemodynamic monitoring with pulse 
oximetry, arterial line, and electrocardiogram 
should be performed [71]. For all patients, blood 
pressure and body temperature monitoring should 
be performed and monitored closely.

Precautions are particularly important for 
those with SCI above T5-T6 as they are more 
likely to deliver earlier (i.e., 36–40 weeks rather 
than 38–42 weeks) and about 85% develop auto-
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nomic dysreflexia in labor [65]. Other than severe 
hypertension, symptoms such as headache, facial 
erythema, swealing, arrhythmias, or fetal hypoxia 
should be monitored for closely. Contractions 
will exacerbate symptoms.

 Anesthesia Considerations

As described above, neuraxial anesthesia is rec-
ommended for patients with SCI and is crucial to 
provide with vaginal delivery to prevent poten-
tially devastating outcomes.

Considerations for the initial evaluation and 
management of pregnant patients with traumatic 
brain and spinal cord injury are discussed in 
Chap. 17.

 Guillain-Barre Syndrome

 Delivery Considerations

Women with Guillain-Barre Syndrome (GBS) 
may develop similar problems to those with SCI 
[72]. There is no reason to perform routine cesar-
ean delivery in cases of GBS, even in women 
with severe disease. Assisted second stage may 
be needed for those with significant muscle 
weakness or lower extremity paralysis. Cesarean 
delivery should be reserved for obstetrical indica-
tions [72, 73].

 Anesthesia Considerations

Regional anesthesia is recommended in patients 
with Guillain-Barre Syndrome [74]. While lit-
erature is scant, the limited evidence suggests 
no worsening or relapse of symptoms with use 
of neuraxial anesthesia [72]. Additionally, 
patients may have an amplified hemodynamic 
response to pain emphasizing the need for opti-
mal pain control [75]. Epidural anesthesia helps 
to prevent autonomic instability from pain and 
it has been reported that these patients may 

only need a small dose of anesthetic drug [76, 
77]. General anesthesia may be considered in 
cases of respiratory compromise [78]; however, 
it poses risks such as difficult extubation and 
autonomic instability. If general anesthesia is 
necessary, succinylcholine should not be used 
due to the risk for serious hyperkalemia [72, 
79]. Also, nondepolarizing muscle relaxants 
can cause a prolonged neuromuscular block so 
they must be used cautiously to prevent need 
for ventilation [76].

The impact of pregnancy on the clinical 
course, evaluation, and management of GBS is 
described in detail in Chap. 22.

 Brain Tumors

 Delivery Considerations

Literature is limited regarding optimal mode of 
delivery for pregnant women with brain tumors. 
Due to concern for raising intracranial pressure 
with vaginal pushing, cesarean delivery has his-
torically been the preferred mode of delivery 
[80, 81]. Increased CSF pressure during painful 
uterine contractions could also lead to neuro-
logic compromise in women who have baseline 
increased intracranial pressure secondary to a 
mass [12, 14, 82]. However, there is not enough 
evidence to make a general recommendation to 
support the benefit of cesarean section [83–85]. 
Rather than all women getting a cesarean sec-
tion, consideration should be individualized 
based on the location, size of the mass, or need 
for general anesthesia [86]. One recent study by 
Girault et al. studied 23 pregnancies in women 
with brain tumors and while pregnancy out-
comes varied, successful vaginal deliveries with 
epidural anesthesia were described [87]. Some 
evidence has suggested performing cesarean 
delivery at the same time as tumor resection to 
limit the risk of cerebral herniation and anesthe-
sia for select patients [88, 89]. Vaginal delivery 
is the route of choice for women with 
microadenomas.
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 Anesthesia Considerations

Neuraxial anesthesia is not contraindicated in 
those with space-occupying lesions and both spi-
nal and epidural anesthesia have been success-
fully performed for women with tumors [87, 90]. 
An individualized neurology consult should be 
performed to determine if dural puncture could 
result in brain herniation. Furthermore, neuroim-
aging should be reviewed to determine evidence 
of vasogenic edema, hydrocephalus, effaced cis-
terns or obstruction of CSF flow that could pose 
problems for neuraxial anesthesia. If these abnor-
malities are found and/or there is high risk of 
brain herniation, neuraxial anesthesia might not 
be appropriate. The decision for anesthesia in 
these patients should involve a multidisciplinary 
approach [20].

Pregnancy-related considerations pertaining 
to the evaluation and management of brain 
tumors, generally, and sellar neoplasms, more 
specifically, are discussed in detail in Chaps. 36 
and 37.

 Seizure Disorder/Epilepsy

 Delivery Considerations

Patients with seizure disorder can labor with 
cesarean section reserved for the usual obstetric 
complications [91–93]. There is a higher seizure 
risk peripartum underscoring the necessity for 
anti-epileptic (AED) medications to be continued 
during labor and in the postpartum period. 
Studies such as the Kerala Registry of Epilepsy 
and Pregnancy showed that seizure relapse 
reached peaks the day before delivery, day of 
delivery, and day following delivery [94]. Studies 
suggest an approximate incidence of 2% for sei-
zures during labor and this has been attributed to 
low serum AED concentrations [95, 96]. This 
further highlights the need for pregnant women 
to maintain target concentration of AEDs in the 
third trimester. It would be reasonable for women 
to bring their own medication for delivery to 
ensure they are taken at the correctly schedule 

times [94]. Furthermore, intravenous medication 
can be given if oral formulation is not possible.

 Anesthesia Considerations

Consultation with anesthesia prior to delivery is 
imperative to have an optimal pain management 
plan. Neuraxial anesthesia is recommended if 
desired by patients. Neuraxial anesthesia with a 
well-dosed epidural can allow women to rest dur-
ing the first stage of labor and reduce potential 
seizure risk from lack of sleep and/or stress [97]. 
Minimizing external stimulation with appropri-
ate delivery room environment such as dimmed 
lighting can additionally aid in reduction of sleep 
deprivation. All involved in the care of these 
patients should be alert for any signs of seizures 
to minimize harm to both the patient and fetus.

The approach to management of epilepsy and 
seizures during pregnancy, including safety guid-
ance pertaining to fetal AED exposure, is pre-
sented in Chap. 28.

 Cerebrovascular Disease 
and Malformations of the Brain

 Ischemic and Hemorrhagic Stroke

 Delivery Considerations
In general, for women who have suffered a stroke 
during pregnancy, vaginal delivery is preferred 
with cesarean avoided if possible [98, 99]. 
Special consideration regarding the optimal tim-
ing for delivery may be needed and if both mother 
and fetus are deemed stable, ideal delivery would 
involve a controlled induction close to or at term.

 Anesthesia Considerations
Determination if neuraxial anesthesia is feasible 
includes a work-up involving assessment of 
coagulation status and knowledge of the effect 
the stroke had on body anatomy and physiology. 
Pregnant women with a prior or recent stroke 
may be on anticoagulation or antiplatelet therapy; 
thus, the Society for Obstetric Anesthesia and 
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Perinatology (SOAP) and American Society for 
Regional Anesthesia and Pain Medicine (ASRA) 
guidelines should be referred to for the selection 
of safe anesthesia [100, 101]. For women that 
have been on low-molecular weight heparin dur-
ing pregnancy, they may switch to the shorter 
half-life unfractionated heparin in anticipation of 
delivery [101–103]. It is advised that heparin or 
other antithrombotic agents be stopped 24  h 
before induction or labor with the plan to start 
within 24 h after delivery [104]. Guidelines for 
the selection of an anticoagulant regimen during 
pregnancy are provided in Chap. 15.

The approach to evaluation and management 
of ischemic and hemorrhagic stroke during preg-
nancy is discussed in Chaps. 6 and 7, 
respectively.

 Intracranial Aneurysm

 Delivery Considerations
There is no established evidence-based optimal 
delivery management for a pregnant woman with 
an unruptured intracranial aneurysm, however, it 
is reasonable to offer a vaginal delivery to most 
of these patients with cesarean delivery reserved 
for obstetric indication if coordinated between 
neurosurgery, anesthesiology, and obstetrics. 
While many studies of pregnant women with 
aneurysms have shown an increased rate of cesar-
ean deliveries, a large 2013 study by Kim et al. 
called this higher rate of cesarean deliveries into 
question. No increased association was reported 
between pregnancy or delivery and risk of aneu-
rysm rupture [105]. This is controversial with 
studies suggesting increased hemorrhage risk in 
pregnancy [106–108] versus other studies show-
ing that aneurysm rupture is not more prevalent 
in pregnancy [109, 110].

Studies that do support increased hemorrhage 
risk show increased rupture during pregnancy in 
the third trimester [107, 111], which may be 
plausible secondary to hemodynamic changes of 
pregnancy such as increased plasma volume, 
increased cardiac output, increased vascular 
stress on weakened vessel walls, and pregnancy- 

induced hypertension [112–115]. Some experts 
suggest that vaginal delivery be reserved for 
those with previously treated aneurysms due to 
no increased risk for complications in these 
patients [113, 116, 117]. Yet, on the contrary, 
there is limited evidence of maternal or fetal ben-
efit in those who have a cesarean or vaginal deliv-
ery in this population [105, 118]. Specific 
situations may warrant cesarean delivery such as 
severe neurologic impairment of the mother, 
diagnosis of the aneurysm at term, aneurysm rup-
ture requiring emergent delivery and surgery, or 
neurosurgical intervention within the week 
before delivery [116, 119, 120]. In addition, a 
patient’s future childbearing plans should be con-
sidered. Family size should be limited in women 
who require delivery only by cesarean section 
because of increasing risk for placenta accreta 
and other complications with each surgery. The 
“cure” of cesarean section may be worse than the 
risk of aneurysm rupture in patients who intend 
to have large families.

While the evidence in pregnancy is not fully 
clear, there are studies assessing aneurysm rup-
ture risk in the general population with two nota-
ble studies being the International Study of 
Unruptured Intracranial Aneurysms and the 
Unruptured Cerebral Aneurysms Study [121, 
122]. Both of these studies emphasized the asso-
ciation between larger size (>7 mm) and location 
in posterior circulation with increased rupture 
risk [121–123]. Other factors may additionally 
interact to promote risk of rupture such as prior 
aneurysmal subarachnoid hemorrhage or familial 
history of cerebral aneurysms [122, 124]. 
Neurosurgeons and Maternal-Fetal Medicine 
Specialists should take these factors into account 
when making recommendations about mode of 
delivery.

 Anesthesia Considerations
Epidural can be given to patients with brain aneu-
rysms. This technique would allow for control 
over blood pressure to mitigate acute hemody-
namic stress and allow for extended duration of 
anesthesia [125]. There is theoretical risk of per-
sistent CSF leak and intracranial hypotension 
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after spinal anesthetic or dural puncture with an 
epidural that could cause a resultant rise in cere-
bral blood volume and increased pressure across 
a weak aneurysmal wall, but this has not been 
reported [20].

The pathway for diagnosis and management 
of cerebral aneurysms during pregnancy, includ-
ing a detailed discussion of the rupture risk, is 
provided in Chap. 8.

 Arteriovenous Malformation (AVM)

 Delivery Considerations
Pregnant women with AVMs should undergo 
multidisciplinary counseling to devise an optimal 
delivery plan. While cesarean delivery has long 
been utilized for these women [98], vaginal deliv-
ery may be the best option. Pregnancy involves 
increased blood volume and venous blood pres-
sure and while one would think that AVMs would 
be more likely rupture in this environment, stud-
ies have shown similar rates of hemorrhage for 
AVMs in pregnant versus nonpregnant women. 
For example, Horton et  al. [126] showed in a 
cohort of 451 women that risk of AVM rupture 
was similar for pregnant and nonpregnant 
women. In another retrospective analysis, risk of 
hemorrhage during pregnancy was not higher 
compared with the control period [127]. 
Furthermore, there is no clear evidence that vagi-
nal delivery promotes AVM bleeding and cesar-
ean delivery prevents it. Dias and Sekhar 
described ruptured AVMs in pregnancy in their 
study, however only two cases of rupture were 
during childbirth [111].

The risk of vaginal versus cesarean delivery 
must be weighed based on hemorrhage risk of 
AVM. Cerebral imaging may be helpful to deter-
mine the exact location and size of the AVM and 
assess flow rate, venous drainage, arteriovenous 
fistula, or coexisting aneurysm. Factors associ-
ated with increased risk of AVM rupture include 
deep location, deep venous drainage, arteriove-
nous fistula, and concomitant aneurysm [128, 
129]. Cesarean delivery may seem reasonable in 

high-risk AVMs due to enhanced control over 
maternal blood pressure and intracranial vascular 
pressure. Additionally, no statistically significant 
difference in fetal outcome has been shown with 
either mode of delivery in the setting of AVMs 
[111].

Pregnant women who have surgically repaired 
AVMs should not require any special consider-
ations for mode of delivery or anesthetic manage-
ment. Default should be to offer vaginal delivery 
to women who have had successful repair of their 
lesions.

 Anesthesia Considerations
Neuraxial anesthesia has been used successfully 
in patients with AVMs [130–132]. The main goal 
is to prevent hypertension to reduce risk of 
increased pressure gradient across the wall of the 
AVM which might promote rupture [133]. It is 
additionally suspected that risk of AVM rupture 
with dural puncture is low likely due to many 
unknown intracranial lesions and spinal anesthe-
sia being common, despite case reports in the lit-
erature of rupture secondary to spinal anesthesia 
or lumbar puncture [134, 135].

Considerations regarding the evaluation and 
management of cerebral arteriovenous malfor-
mations in pregnancy are discussed in Chap. 9.

 Cavernous Malformations

 Delivery Considerations
There is no consensus on optimal mode of deliv-
ery for those with cavernous malformations 
(CMs) [136]. In general, given the lack of benefit 
in cesarean delivery, vaginal delivery should be 
considered, and the mode of delivery should be 
made based upon obstetric indications for preg-
nant women with cavernous malformations.

There are conflicting theories regarding cav-
ernous malformations. Some suggest increased 
bleeding risk due to hyperdynamic circulation 
and increased turbulent blood flow and pulse 
pressure in sinusoids as well as impact from hor-
monal stimulation such as estrogen and increased 
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growth due to angiogenic processes from growth 
factors [137–143]. Similarly, there are studies 
reporting growth of these malformations in preg-
nancy [144, 145] which might imply increased 
rupture risk. Yet, many of these mechanisms are 
unclear [146–148]. There are few cases reports 
and studies to suggest an association between 
CMs and bleeding in pregnancy [149, 150]. Case 
reports of CMs have more frequently suggested 
cesarean delivery as the optimal method to reduce 
intracranial hemorrhage from increased intracra-
nial pressure and Valsalva [150, 151].

Despite these ideas, there is lack of data to 
support increased bleeding in pregnancy [152]. A 
recent retrospective study involving 214 
 deliveries of women with known CMs showed no 
association with additional risk for adverse 
obstetric outcomes [153]. Another study from 
2012 involving 186 patients demonstrated no 
increased risk of hemorrhage from CMs with 
pregnancy or delivery [154]. Kalani et al. [155] 
studied 149 vaginal deliveries in pregnant women 
with CM and there were no documented hemor-
rhages. In a more recent study this year, Joseph 
et al. showed no evidence of hemorrhage during 
vaginal deliveries in patients with CM [156].

 Anesthesia Considerations
Neuraxial anesthesia should be offered to patients 
with CMs. Reports are limited specifically in 
addressing risks of anesthesia with CMs, and 
instead the focus of recent studies has been on 
risks with mode of delivery. Given that those with 
CM should be offered a vaginal delivery, epidural 
is a reasonable option for these patients. Similar 
to anesthesia for other cerebrovascular diseases, 
anesthesia for CMs should involve maintenance 
of hemodynamic stability. Additionally, success-
ful general anesthesia for cesarean delivery in a 
case of a brainstem CM has been described [151]. 
There has been suggestion that those with CMs 
have imaging such as magnetic resonance imag-
ing prior to delivery because patients can have 
CMs with multiple lesions in the supraspinal area 
or coexistence in the spinal cord which might 
complicate neuraxial approaches [157, 158]. 

Thus, the decision to perform neuraxial anesthe-
sia should involve a multidisciplinary approach.

CMs in pregnancy are discussed in more detail 
in Chap. 9.

 Moyamoya

 Delivery Considerations
There is no definitive evidence to recommend 
route of delivery for pregnant women with 
Moyamoya. The incidence of stroke during 
delivery in this population has not been fully 
delineated [159]. Historically, given concern 
for cerebral infarction or intracranial hemor-
rhage and association with high morbidity and 
mortality, cesarean delivery has been more 
commonly the method of delivery for those 
with Moyamoya [15, 16, 160, 161]. The changes 
in cerebral blood flow including decreased 
blood flow velocity with hyperventilation and 
increased velocity with elevated blood pressure 
from painful, uterine contractions could result 
in cerebral ischemia [15, 16]. However, because 
there is no data to support pregnancy increasing 
the risk for perinatal stroke during delivery in 
patients with Moyamoya, vaginal delivery 
under epidural anesthesia may be recommended 
in those with asymptomatic disease [162]. 
Small studies and case reports have provided 
evidence for vaginal delivery with epidural in 
which no adverse outcomes were seen [159, 
163, 164]. Vacuum or forceps have been recom-
mended to shorten the second stage of labor in 
patients with Moyamoya [165], but these inter-
ventions carry risk and data that support this 
recommendation are limited.

 Anesthesia Considerations
As discussed above, vaginal delivery with the 
use of neuraxial anesthesia has been described. 
Anesthesia should involve maintenance of nor-
motension and normocapnia to provide optimal 
delivery outcomes. In general, epidural anes-
thesia can be offered to these patients if blood 
pressure is simultaneously maintained in a con-
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trolled range: hypotension risks ischemic brain 
infarction or lower placental perfusion while 
hypertension can result in hemorrhage [20, 111, 
166].

Considerations pertaining to the evaluation 
and management of Moyamoya disease during 
pregnancy are described in Chap. 10.

 Ventriculoperitoneal Shunt

 Delivery Considerations
Vaginal delivery is the mode of delivery of 
choice despite no controlled studies of the opti-
mal delivery method for pregnant women with 
ventriculoperitoneal (VP) shunts [167–169]. If 
the shunt is working properly, there should not 
be concern for increased ICP during the second 
stage of labor and thus a shortened second stage 
is not needed.

If a cesarean delivery is performed for obstet-
ric indications or because a patient is unstable, it 
is important to prevent movement of the abdomi-
nal tip of the shunt when the peritoneal cavity is 
opened [170]. Infection risk is low in these cases 
and while there has been debate about use of pro-
phylactic antibiotics for labor and delivery [167], 
they are generally recommended to prevent shunt 
infection [168].

 Anesthesia Considerations
As for anesthesia considerations, the exact loca-
tion of the VP shunt must be clear prior to neur-
axial attempt. Often, the surgical scar from the 
shunt procedure provides the location, however, 
imaging may be needed if records or the physical 
exam are unclear [171]. For most VP shunts, 
neuraxial anesthesia is attempted. Reasons for 
general anesthesia would be due to higher ICP 
from a poorly functioning shunt or if there is 
thought that the shunt could be disrupted from a 
spinal or epidural catheter. An epidural is usually 
preferred over spinal due to unpredictable short-
ened duration of action for the spinal secondary 
to local anesthetic leak through the shunt into the 
peritoneal cavity. There is always risk that neur-

axial anesthesia will fail or be inadequate in such 
cases [172].

The approach to the evaluation and man-
agement of hydrocephalus in pregnancy, 
including patients with VP shunts, is provided 
in Chap. 32.

 Idiopathic Intracranial Hypertension 
(IIH)

 Delivery Considerations
Patients with idiopathic intracranial hyperten-
sion (IIH) may undergo vaginal delivery, and 
cesarean delivery should be again reserved for 
obstetric indications. Labor contractions and 
Valsalva may contribute to increased CSF pres-
sure, however, evidence has not suggested 
cesarean delivery reduces the risk of this poten-
tial adverse outcome [173–175] and a vaginal-
assisted delivery can be performed to reduce 
risk [176, 177]. Data shows vaginal delivery can 
occur in patients with papilledema without sig-
nificant consequence [178].

 Anesthesia Considerations
Neuraxial risk is minimal in patients with IIH 
and such patients are not usually at risk for brain 
herniation with dural puncture [179–181]. CSF 
drainage with serial lumbar punctures has been 
used as treatment for patients with IIH [182, 
183]. Pregnant women with IIH may have tran-
sient rises in ICP, vision loss, or headache due to 
many events during labor and delivery such as 
contractions and pain, Valsalva, or epidural 
bolus. Evidence shows that continuous spinal, 
epidural, or combined spinal-epidural anesthe-
sia can be used in those with IIH and help mini-
mize ICP caused by pain and delivery [184, 
185] as well as prevent the need for general 
anesthesia, which often involves a difficult intu-
bation in these patients secondary to comorbid 
obesity.

Evaluation and management of the pregnant 
patient with IIH is discussed in detail in Chap. 
35.
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 Conclusion

In summary, each of the above neurosurgical dis-
eases has specific physiologic implications for 
the route of pregnancy delivery and anesthesia 
modality. A multidisciplinary approach with 
individualized assessment is crucial in determin-
ing the optimal mode of delivery and anesthesia 
choice for these pregnant women. Specific sce-
narios may necessitate prioritizing the neurosur-
gical state whereas often the decision should rely 
solely on obstetric indications. Analysis of risks 
and benefits in each case is needed to guide 
decision-making.
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3Neuroimaging in the Pregnant 
Patient

Sri Hari Sundararajan, Srirajkumar Ranganathan, 
Sanjeev Sreenivasan, Gaurav Gupta, 
and Sudipta Roychowdhury

Neuroimaging in the pregnant patient is tailored 
to evaluating the neuraxis of either the patients 
themselves or their underlying gestation(s). 
Imaging indications can range from outpatient 
follow-up and pre-scheduled gestational ana-
tomic surveys to emergent indications affecting 
either the expectant patient or fetus.

This chapter will review basic principles of 
neuroimaging relevant to this unique population, 
highlight theoretical concepts of image acquisi-
tion unique to each imaging modality potentially 
unfamiliar to physicians without a radiologic 
training background, summarize guidelines 
regarding imaging indications, and showcase 

select commonly identified conditions pertaining 
to their neuroimaging manifestations encoun-
tered in clinical practice. These points will be 
covered in sections reviewing available imaging 
modalities and commonly seen neuroimaging 
indications in the pregnant patient and the under-
lying gestation.

 Section 1: Cross-Sectional Imaging 
Modalities and Principles of Use

 Ultrasound

Ultrasound has been utilized in obstetric evalua-
tion for more than 60 years [1, 2]. Its ubiquitous 
implementation widely permeates across all 
fields of Medicine, provides tomographic images 
that can be acquired and interpreted in real time, 
and is relatively inexpensive compared to the 
total costs required for CT and MRI maintenance 
and use. Additionally, relative to other cross- 
sectional imaging modalities, ultrasound is por-
table and is without radiation risk to the pregnant 
patient or the underlying gestation(s). The tech-
nology involves utilization of mechanical sound 
waves that are used travel through mediums of 
varying elasticity. These emitted waves are sub-
sequently detected for alterations on their return 
to ascertain structural properties of the imaged 
target object. Sound waves are generated follow-
ing passage of oscillating electric currents 
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through piezoelectric crystals—the most com-
mon of which is lead zirconate titatanate (PZT). 
These crystals are embedded within ultrasound 
probes and result in the creation of sound waves 
of varying frequency type depending on crystal 
arrangement and electric current oscillation. 
Frequency is defined as the number of times the 
wave oscillates above and below its baseline axis 
per second (Hertz of Hz). Ultrasound frequencies 
are three orders of magnitude higher than the 
audible range to humans (ultrasound frequency 
between 1 and 20 MHz versus audible frequency 
between 20 Hz and 20 kHz) [3, 4].

The emitted waves are compressed or elon-
gated (also known as rarefaction) during their 
delivery to and arrival from an imaged object, 
with these changes referred to as a sound wave’s 
wavelength. Wavelength (lambda or λ) is 
inversely proportional to ultrasound frequency (f) 
and directly proportional to speed of propagation 
in a given medium (c). In short, f = c/λ, with c 
equaling 1540 m/s in standard soft tissues. These 
principles of ultrasound also allow for quantifica-
tion of absolute blood flow velocities via Doppler 
[3, 4].

Sound wave height (i.e., amplitude) deter-
mines the strength and intensity of the resultant 
image. Certain mediums result in either signifi-
cant disruption (i.e., attenuation) or propagation 
of sound waves and are dictated by fixed attenu-
ation coefficients (alpha or α). Aerated lung (α 
>34) and corticated bone (α ~20) have high 
attenuation coefficients and therefore prevent 
passage of ultrasound waves. Water and blood (α 
~0.18) possess low attenuation coefficients, and 
therefore allow passage of ultrasound waves 
without significant alteration in amplitude. These 
properties are of vital importance, as the soft-
tissue properties of the abdominal compartment 
and pelvic viscera respectively allow for excel-
lent visualization of the neuraxis of a growing 
fetus via either transabdominal or transvaginal 
approaches respectively (noting that air in over-
lying bowel gas may limit transabdominal 
sonography due to its high attenuation coeffi-
cient) [3, 4].

Thermal effects of ultrasound pertain to tis-
sues or water absorbing ultrasound energy with 

increases in temperature. Mechanical effects 
pertain to the formation, growth, and dynamic 
behavior of gas bubbles formed when dissolved 
gases come out of solution due to local heat 
caused by sound energy. The manifestations of 
these effects are reflected in the Mechanical 
Index (MI) and Thermal Index (TI), respec-
tively. These indices represent ratios of total 
acoustic power that needed to raise the maxi-
mum temperature by 1 °C (TI) or cause cavita-
tion-related bioeffects (MI). Different tissues 
have different thermal and mechanical indices 
and indicate the potential for heating and cavi-
tary microbubble creation within objects beyond 
the transducer [5].

In the USA, the FDA mandates the MI be less 
than 1.9 for all ultrasound exams [6]. For all pre-
natal imaging performed in the pregnant patient, 
MI values lower than 0.4 are recommended in the 
setting of pre-existing gas bodies to prevent fur-
ther microbubble formation. TIs less than 0.5 are 
recommended, especially in the first trimester. TI 
values between 0.5 and 1 should be limited to 
scanning times less than 30 min. TI values greater 
than 2.5 should be limited to scanning times less 
than 1 min [7]. These indices are of importance in 
regard to fetal imaging, as non-human experi-
ments have found that increases of greater than 
4 °C for longer than 5 min can result in develop-
mental abnormalities in fetal tissues [8]. High 
frequency ultrasound (HIFU) makes use of these 
mechanical-thermal properties of concentrated 
ultrasound waves and has been employed in ther-
apeutic soft tissue ablations [9].

Fetal anatomy is typically evaluated by ultra-
sound during the end of first trimester/beginning 
of second trimester, typically starting at the 
18  weeks of gestational age. The examination 
serves many purposes, providing information 
regarding gestational age, number of fetuses, ori-
entation of placenta, and ability to initially screen 
for fetal malformations. When performing obstet-
ric sonographic examinations, picking a fixed 
point for standardization of transducer alignment 
is important. The sonographer from this refer-
ence point then achieves multiplanar imaging in 
the axial, coronal, and sagittal planes accord-
ingly. In the case of cranially directed neuro-
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sonography, the transducer is typically aligned 
with the sutures and fontanelle prior to examina-
tion of the intracranial contents [10].

With regard to the neurological portion of the 
ultrasound evaluation, the following structures 
are consistently evaluated for on ultrasound 
examination: lateral cerebral ventricles, choroid 
plexus, midline falx, cavum septum pellucidum, 
cerebellum, cisterna magna, and upper lip. 
Measurement of the nuchal fold is also useful 
when recorded between 16 and 20 weeks gesta-
tional in the assessment of aneuploidy risk. 
Examples of specific conditions that can be diag-
nosed with sonography in the fetus will be dis-
cussed in the following subsections [10].

 Computed Tomography (CT)

Ionizing radiation dose exposures from diagnos-
tic imaging during pregnancy can be a cause of 
concern to both referrers and patients. Following 
plain radiography or CT during early pregnancy, 
one study showed 6 of 208 family medicine phy-
sicians recommended termination of pregnancy 
after a first trimester radiograph or CT while 25 
of the same 208 physicians were unsure regard-
ing after-effects following a CT exam. Similarly, 
in this same study, 5 of 65 obstetricians recom-
mended pregnancy termination following a first 
trimester CT scan [11]. Another study stated that 
3/4th of surveyed emergency room physicians 
underestimated radiation dose from a CT scan 
and a scan’s potential for increased cancer risk 
[12]. These public and medical community fears 
of ionizing radiation exposure to an intrauterine 
gestation after imaging should not be underesti-
mated. As such, guidelines based on a combina-
tion of environmental exposures and clinical data 
dictate minimum levels of radiation exposure 
allowable in the general population, healthcare 
providers, and special populations (including 
pregnant patients).

Risks following ionizing radiation exposure 
are related to stage of fetal development, dose of 
exposure, and targeted location with the period of 
greatest sensitivity being first trimester fetal 
organogenesis. Dose from scatter radiation to 

areas outside the field of view are clinically insig-
nificant to a fetus given the combination of scat-
ter low penetration and abdominal lead or 
bismuth shielding employed during CT acquisi-
tion [13]. Based on such data, radiation expo-
sures less than 5  rad have not been associated 
with increases in fetal anomalies or loss of preg-
nancy. Head CT examination results in a fetal 
exposure of less than 1 rad, noting that this is fur-
ther reduced with the use of abdominal lead 
shielding. Childhood cancer development in 
utero from ionizing radiation is of equal concern. 
One in 2000 children exposed to ionizing radia-
tion will develop leukemia, compared to the natu-
ral background rate of 1  in 3000. Although 
carcinogenesis risk is slightly higher, this was 
estimated to be no more than 1 in 1000 children 
for every 1  rad (i.e., 10  mSv) of exposure 
[14–16].

Iodinated contrast crosses the placental barrier 
and may depress fetal and neonatal thyroid activ-
ity. As such, contrast-enhanced imaging is sel-
dom performed in the pregnant patient. One 
single high-dose of in utero exposure to iodinated 
IV contrast is unlikely to show any clinically 
apparent effect on the child’s thyroidal function 
at birth [16, 17]. Nevertheless, neonatal thyroid 
function testing is recommended during the first 
week following delivery if iodinated contrast had 
been given during pregnancy, as studies have 
shown hospitalized post-natal and premature 
infants exposed to iodinated contrast are at risk of 
hypothyroidism [16, 18].

Neuroimaging of the pregnant patient typi-
cally does not include the abdominal compart-
ment given this is outside the field of view needed 
for evaluation of the brain, head and neck, and 
cervical spine. However, thoracic, lumbar, or 
sacral region CT imaging potentially includes 
exposure to the abdominal compartment. As 
such, a brief discussion of radiation dose basics 
and relevant information pertaining to stochastic 
and deterministic radiation risks is warranted for 
a better understanding and allowance of informed 
consent in the event a provider needs to have such 
discussions with a pregnant patient.

In the early 1980s, the yearly per individual 
radiation dose was 3.6  mSv averaged over the 
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U.S. population. Medical radiation contributed 
only 0.54  mSv to this annual dose, with the 
remainder coming from radon, soil, construction 
materials, and cosmic rays. In 2006, medical 
radiation contributed 3 mSv to the annual dose. 
This raised the per individual dose to 6.2  mSv 
averaged over the U.S. population.

The national contributors to annual radiation 
exposure in descending order: 
Radon > CT > Nuclear Medicine > Occupational/
Environmental. Brenner and Hall in 2007 
reported in the New England Journal of Medicine 
on the relationship between CT scans, corre-
sponding increase in radiation exposure, and 
increased cancer risk in adults and children. The 
paper cites an estimate of 1.5%–2% of all cancers 
from radiation maybe attributable to radiation 
from CT studies [19].

Awareness of dose specific terms is useful in 
differentiating the meaning behind reported num-
bers in any given diagnostic test. Absorbed Dose 
is the energy deposited in tissue per unit mass of 
tissue. In CT, absorbed dose is measured using an 
ionization chamber and phantoms. The unit is the 
Gray (Gy), with 1  Gy being equal to 1  J/kg. 
Doses for diagnostic studies are measured in mil-
liGray (mGy). Equivalent dose is a measure of 
the absorbed dose to a specific tissue, allowing 
for relative biological effects. Equivalent dose 
(HT) = Absorbed Dose to Tissue (DT) × Radiation 
Weighting Factor (WR), noting that the WR for 
photons utilized in CT examinations is equal to 1. 
The unit is the Sievert (Sv). Effective dose is a 
single number accounting for the stochastic 
effects of non-uniform exposure to ionizing radi-
ation. Effective dose  =  Equivalent dose 
(HT)  ×  Tissue Weighting Factor (WT), noting 
that the WT for most organs is 0.12. Its unit is 
also the Sievert (Sv) [20].

CTDIvol is an estimate of a patient’s absorbed 
dose in CT. It is reported as mGy. Dose-Length 
Product (DLP) is the product of CTDIvol and 
Scan Length (cm). It is reported as mGy cm. DLP 
values (mGy  cm) are converted into Effective 
Dose (mSv) by multiplying the DLP to conver-
sion factors published by the American 
Association of Physicists in Medicine: Chest: 
0.014  mSv/mGy  cm, Abdomen: 0.015  mSv/

mGy cm, Pelvis: 0.015 mSv/mGy cm. Conversion 
of DLP values from mGy cm to Effective Dose is 
how an approximate whole-body dose from par-
tial body exposure is extrapolated in various 
research studies. The Effective Dose (mSv) is a 
number approximating whole-body dose from 
non-uniform partial-body exposure. It is extrapo-
lated in various research studies. A non-contrast 
head CT effective dose is average 2 mSV (range 
0.9–4 mSV), compared to a chest CT angiogram 
for pulmonary embolism evaluation average of 
15  mSV (range 13–40  mSV), noting that these 
mSV values continue to be lowered and opti-
mized with advancing technologies [21].

The seventh iteration of United States’ 
National Academies report published in 2005 
extrapolated biological effects of ionizing radia-
tion from exposure to ≤100 mSv and is referred 
to as the BEIR VII report. These estimations of 
solid cancers and leukemia stem mainly from the 
Hiroshima-Nagasaki Atomic Bomb survivors of 
1945, though other sources include survivors of 
the Chernobyl Nuclear Accident of 1986, similar 
accidental radioactive release incident, and 
patients of medical imaging. The Linear-No- 
Threshold Model (LNTM) is a linear response 
model correlating radiation exposure and cancer 
development used in BEIR VII to develop future 
risks of developing cancer [14].

In a lifetime, approximately 42 in 100 patients 
(42%) will be diagnosed with cancer from causes 
unrelated to radiation. Approximately 1  in 100 
patients (1%) are expected to develop solid can-
cer or leukemia from a single exposure of 
100  mSv. Lower doses produce proportionally 
lower risks, noting that it is predicted that 1 indi-
vidual in 1000 could develop cancer from a sin-
gle exposure to 10  mSv [14]. The accuracy of 
these conclusions and linearly extrapolating bio-
logical effects from exposure from ≤100  mSv 
remains controversial however and continues to 
be scrutinized [22].

Children are more sensitive to radiation 
effects than adults. Children have a longer life 
expectancy than adults, resulting in a longer 
time- period for expressing radiation damage. 
Children may receive a higher radiation dose 
than necessary if CT settings are not adjusted for 
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body size or gravid uterus. As such, the risk for 
developing radiation-related cancer and growth 
deficits from in-utero exposure can be several 
times higher for a fetus or young child compared 
with a non- pregnant adult exposed to a similar 
CT scan [23].

The risks and benefits of any imaging study 
must be considered. CT can be a life-saving tool, 
with high diagnostic accuracy and ability to 
arrive at rapid diagnoses. However, anywhere 
from 5% to 30% of CT exams have been reported 
medically unnecessary. Substitution of ionizing 
radiation based imaging with MRI, Ultrasound, 
or no medical imaging should be practiced when 
clinically possible and appropriate. The concept 
of “As Low As Reasonably Achievable” 
(ALARA) involves minimizing imaging-related 
radiation and release of radioactive materials and 
is often invoked when imaging pregnant patients 
or similar special populations. Therefore, when 
the benefits of CT imaging outweigh associated 
individual risks for medically indicated studies, 
the lowest possible dose while maintaining diag-
nostic accuracy should be pursued [24, 25].

CT is not indicated for evaluation of the fetal 
neuraxis. Risk of fetal outcomes such as prenatal 
death, growth retardation, organ malformation, 
head size, and cancer induction are associated 
with certain dose thresholds throughout fetal 
development, but specific periods of develop-
ment pose even higher risk and lower dose thresh-
olds [15]. However, in times of emergency or 
trauma afflicting the carrying host, fetal inclusion 
in the field of view may be unavoidable. CT util-
ity is more applicable in initial evaluation of 
potential neurological pathologies in the preg-
nant patient. Examples of specific conditions will 
be discussed in following subsections.

 Magnetic Resonance Imaging (MRI)

MRI utilizes a combination of induced magnetic 
fields and radiofrequency (RF) waves for the pur-
pose of manipulating hydrogen nuclei orienta-
tions in order to generate composite images 
matching their emitted source’s macroscopic 
appearance. As the human body is primarily 

made up of water, MRI works well in imaging 
viscera and soft tissues, particularly elements of 
the neuraxis. Intra-uterine gestations are espe-
cially well imaged given the high water content 
of fetuses and their respective pathologies [26]. 
In this discussion, the technique for acquiring tra-
ditional spin-echo MRI images will first be 
reviewed.

The unit Tesla (T) denotes the magnetic field 
strength, with commercially available magnets 
most frequently either 1.5 or 3  T.  Lower-field 
strength magnets referred to as open-bore MRIs 
are available and are advantageous for patients 
unable to undergo image acquisition due to claus-
trophobic reactions or in larger or obese patients 
who cannot fit on standard MRI tables [27]. 
However, their image quality is significantly less 
compared to standard 1.5 or 3 T [28]. As such all 
fetal MRI should be performed on a minimum of 
1.5  T, though the standard use of 3  T magnets 
continues to gain traction given their wider avail-
ability, improving strategies to resolve artifacts 
associated with higher field strengths, and gen-
eration of images with greater signal-to-noise 
ratios while maintaining comparable acquisition 
speeds relative to 1.5 T magnets [29–31].

Following hydrogen nuclei realignment by an 
external magnetic field (denoted as beta or β), RF 
waves are delivered to excite nuclei into opposite 
planes of orientation, typically into the transverse 
plane with a 90-degree RF pulse. These excited 
nuclei spin (or precess) around their new axis 
similar to a spinning top, eventually returning to 
their natural state. This Larmor precession 
(denoted as gamma or γ) is influenced by external 
magnetic fields and is measured as a function of 
nuclear rotation rate (measured as angular fre-
quency and denoted as omega or ω). The Larmor 
equation dictates this relationship: ω  =  γβ. The 
energy released during precession of the hydro-
gen nuclei is recorded and fill designated spaces 
encoded in either 2D or 3D arrays known as 
k-spaces. Data in these k-spaces are then pro-
cessed and converted into stripe patterns via 
inverse Fourier transformations, a mathematical 
transformation named after French mathemati-
cian Jean Baptise Joseph Fourier (1786–1830). 
The resultant stripes possess unique densities, 
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phasicities, angles, and amplitudes that are then 
summated into recognizable anatomic images 
[32–34].

Certain time variables are present in this imag-
ing process that dictate the type of MRI sequence 
performed, two of which are inherent properties 
of the imaged body part and two of which are 
properties controlled at the time of image acqui-
sition. T2 refers to the time taken for an excited 
hydrogen nucleus to lose 37% of its energy from 
the transverse plane after the 90-degree RF pulse 
delivery noted above. T1 refers to the flipped 
vantage point of this transverse magnetization 
loss and measures the time taken for the pre-
cessed hydrogen nucleus to return to 63% of its 
baseline longitudinal magnetization. Different 
tissues have different T1 properties, noting that 
larger magnetic field strengths lengthen individ-
ual tissues’ T1 properties [32–34].

The echo time (TE) describes the time between 
hydrogen nucleus resting state and induction into 
its excited state following RF pulse delivery. The 
repetition time (TR) describes the time between 
the excited hydrogen nucleus having achieved its 
new excitatory precession state to the time taken 
to complete release of its energy and return to its 
initial resting state. The TR can be lengthened by 
delivery of 180-degree RF pulses before com-
plete relaxation of the hydrogen nuclei is 
achieved, as this re-orients the nuclei into their 
opposite longitudinal axis. This provides more 
time for the nucleus to precess, release energy, 
and fill more arrays in a given k-space accord-
ingly [32–34].

The two basic MRI images types are 
T1-weighted images and T2-weighted images, 
with differences in TEs and TRs implemented 
during scan acquisition dictating the type of 
image generated. T1-weighted images possess 
short TR (between 250 and 700 milliseconds or 
ms) and short TE (10–25 ms), while T2-weighted 
images possess long TR (greater than 2000 ms) 
and long TE (greater than 60 ms). The eventual 
loss of a nucleus’s excitatory state is due to inho-
mogeneities in the external field and local mag-
netic fields of imaged tissues that predispose all 
excited nuclei to return to their resting longitudi-
nal plane. Therefore, tissues with less inhomoge-

neity—such as cerebrospinal fluid (CSF) and 
fluids of water consistency—take longer to decay 
their transverse magnetization and are therefore 
bright on T2-weighted images [32–34].

The primary sequence of fetal MRI is the sin-
gle shot sequence of the fetal brain, spine, and 
whole body performed in sagittal, coronal and 
axial planes. This is an ultra-fast spin echo 
sequence utilized for the purpose of obtaining 
anatomic details in structures with unavoidable 
or unpredictable motion degradation, as often 
exhibited by intrauterine gestation(s). In our 
institution, this is performed with both low 
(62 ms) and high (95 ms) Time-to-Echo (TE) val-
ues. These are images with T2-weighted proper-
ties that are rapidly acquired by maximizing 
k-space data through successive delivery of 
shortly spaced 180-degree RF pulses to obtain as 
much signal as possible in a single TR period. 
Body coils are placed on patients to further 
improve signal-to-noise (SNR) and reduce local 
field inhomogeneities [32–34].

In contrast to traditional spin-echo images 
described above, gradient echo images are gener-
ated following delivery of smaller flip-angles 
(ranging between 10° and 80° depending on the 
sequence) rather than traditional 90-degree RF 
pulses. Although this results in smaller energy 
spikes relative to spin-echo images, the TE and 
TR times used in these sequences are magnitudes 
smaller than spin echo images, with short TEs 
ranging between 1 and 5 ms, long TEs considered 
>10 ms, short TRs <50 ms, and long TRs consid-
ered >100 ms. The rapidity of acquisition makes 
these sequences of equal importance in the per-
formance of fetal MRI.  Gradient T1-weighted 
images are used to detect areas of fat, hemor-
rhage, calcium, and proteinaceous fluid in fetal 
MRIs, as these materials are usually bright on T1 
weighted images. This property is used to replace 
dedicated susceptibility-weighted imaging that is 
difficult to perform during fetal MRI acquisition, 
noting that this technique will be discussed again 
shortly [32–34].

Fetal MRI gradient sequences are performed 
in our institution in the axial, coronal, and sagittal 
planes and include balanced gradient echo images 
with T2-weighted properties (referred to as 
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FIESTA by GE or True FISP by SIEMENS) and 
ultrafast gradient echo images with T1-weighted 
properties (referred to as SPGR by GE or VIBE 
by SIEMENS) with and without fat-saturation. 
Fat saturation is performed by delivery of a selec-
tive RF pulses tailored to flip only protons in fat 
pulse, thereby preventing fat-containing struc-
tures from achieving an excited state and subse-
quently precessing with delivery of the dedicated 
RF pulse at the TE interval. This differs from fat 
saturation via Short-Tau Inversion Recovery 
(STIR) in which a 180-degree inversion pulse is 
delivered at the T2 time of fat during MRI acqui-
sition [32–34].

Three other sequences used in our institu-
tional fetal MRI protocol will be briefly men-
tioned. The Time-of-Flight technique images the 
flow of blood in a specific direction, therefore 
allowing for its specificity to looking at either 
the venous or arterial system depending on 
which direction of flow the signal is saturated 
out [35]. Diffusion- weighted imaging (DWI) is a 
rapidly performed sequence acquired either via a 
fast gradient or echo-planar acquisition per-
formed for assessing diffusivity of free water 
molecules within a given imaged structure. Live 
(often normal) tissues with maintained cell 
membranes and functioning Sodium-Potassium 
ATPase mediated pumps allow for free diffusiv-
ity of water between given tissues. In contrast, 
tissues with ongoing infarction, infection, or 
inflammation and tumors with densely packed 
cellular contents demonstrate restricted diffu-
sion of water [36, 37]. Normal tightly packed 
structures—such as white-matter tracts—dem-
onstrate a similar type of restricted diffusivity 
evaluated with an offset of DWI known as diffu-
sion-tensor imaging (DTI). DTI evaluates the 
integrity and continuity of white matter tracts as 
a measure of either isotropic (movement in all 
spatial directions) or anisotropic (restricted 
movement in all spatial directions) water move-
ment. Normal white matter tracts possess unique 
fractional anisotropic appearances in a three-
dimensional axis that are conventionally color-
coded for ease of interpretation—blue for 
craniocaudal, green for anteroposterior, and red 
for transverse [36, 37].

As opposed to fetal MRI sequences whose pri-
mary focus is speed of acquisition, conventional 
MRI examinations of the pregnant patient’s neur-
axis balances speed of acquisition with high 
signal- to-noise (SNR) acquisition in order to gen-
erate images with high contrast and spatial resolu-
tion and fewer artifacts. MRI tailored to imaging 
the pregnant patient’s neuraxis is performed on 
either 1.5 or 3 T magnets with routine T1 and T2 
weighted images (both gradient and spine-echo 
acquired) along with DWI images. Fluid-
Attenuation Inverse Recovery (FLAIR) is similar 
to STIR and involves saturation of CSF by deliv-
ery of a 180-degree inversion pulse at the T2 time 
of CSF during MRI acquisition, thereby generat-
ing a T2-weighted image without fluid in order to 
highlight edema or other fluid-retentive patho-
logic states. Gradient Echo (GRE) imaging and 
associated susceptibility weighted imaging (SWI) 
are imaging techniques sensitive to hemorrhage 
and mineral (notably iron) localization, with con-
tinued advances in this technique allowing for 
better separation of overlapping susceptibility- 
inducing constituents such as superior iron dis-
tinction apart from other minerals with 
Quantitative Susceptibility Mapping (QSM) [38].

An important consideration regarding 1.5 and 
3 T is the degree of energy deposition that occurs 
in each magnetic field, defined as the specific 
absorption rate (SAR) and measured in watts per 
kilogram (W/kg). Specifically, deposition of 
energy created by the excitatory RF pulses is dis-
sipated as heat in surrounding tissues. The resul-
tant released energy can result in unfavorable 
increases in body temperature or burns, with such 
adverse effects potentially translating to the preg-
nant patient and/or fetus. The FDA put regula-
tions in place in 2014 that define maximum 
targeted and whole-body SAR values per unit 
time in various parts of the human body. Whole- 
body SAR averaged over 15 min should be less 
than 4 W/kg. Targeted head exposure SAR aver-
aged over 10 min should be less than 3.2 W/kg. 
Exams that surpass these values trigger fail-safe 
mechanisms to halt acquisition in all modern MR 
units [39]. SAR is more closely monitored during 
3  T fetal MRI examinations for these reasons 
[40]. Although no evidence is present to defini-
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tively prove harm to the fetus from these effects, 
given the unknown risks of RF energy  depositions 
in this special population, ultrasound is preferred 
in initially evaluating the first trimester gestation 
and early second trimester while fetal MRI is 
reserved for evaluation of the late second and 
third trimester fetus.

The main possible posited risks and adverse 
outcomes from SAR include tissue heating, 
acoustic damage, and teratogenesis in both early 
and later pregnancy. Although mechanistically 
possible, these risks are largely theoretical, as 
research has failed to show any reproducible 
harmful effects of exposure of either the develop-
ing gestation(s) or pregnant patient to magnetic 
fields 3 T or less employed during clinical prac-
tice. It should be noted, however, that the major-
ity of this data stems from magnetic fields of 
1.5 T or less. Also, less is known regarding poten-
tial effects of varying gradient and radiofre-
quency magnetic fields employed during scan 
acquisition image generation. Therefore, theo-
retical risks need to be carefully balanced against 
potential benefits to patient undergoing any MRI 
examination. Proceeding with any MRI examina-
tion in the pregnant patient must therefore be per-
formed following a thorough addressing of the 
potential benefits to the patient/fetus and risks 
associated with declining such examination [41].

Gadolinium based contrast agents are not rou-
tinely used during pregnancy. Once water-soluble 
gadolinium-chelated agents enter fetal circula-
tion, subsequent excretion from the fetal bladder 
into amniotic fluid results in swallowing and 
redistribution through the fetal alimentary tract. 
While animal models have demonstrated stunted 
growth following administration, no human con-
trolled studies exist to corroborate such. As such, 
its use is considered an FDA pregnancy category 
C substance (evidence exists supporting adverse 
effects from animal models) [16, 42]. No uniform 
agreement on its safety during pregnancy exists 
however, as the European Society of Urogenital 
Radiology guidelines state that because only a 
miniscule amount of contrast passes the maternal- 
fetal placental barrier, its use in pregnancy is safe 
[16, 43].

 Section 2: Maternal Neuroimaging 
in Pregnancy

 Headache

Headache is the most frequent indication for 
neurological evaluation in the pregnant patient. 
They may be divided into primary (pain is the 
disease) and secondary (pain is a symptom of an 
alternate underlying pathology) subtypes. 
Primary headaches that occur during pregnancy 
include migraines without aura, migraine with 
aura, tension- type, and cluster [44]. Aside from 
migraine headaches that may show a reduction 
in frequency and intensity during pregnancy, 
remaining primary headaches are common or 
exacerbated during the pregnant state, with 
tension- type being the most common with 26% 
prevalence in pregnant patients. Given a charac-
teristic lack of neuroimaging features, neuroim-
aging is typically not indicated in classic 
primary-type headaches [45]. Secondary head-
aches are manifestations of an underlying intra-
cranial or parenchymal pathology warranting 
urgent neuromedical or neurosurgical interven-
tion. Recent research suggests that these sec-
ondary causes can account for up to 25%–42% 
of women who seek medical attention during 
pregnancy. As such, the threshold for neuroim-
aging as a whole is much lower in these patients. 
Specific “red flag” features of headaches indi-
cating a secondary etiology include acute altera-
tions in baseline neurological examination 
(aside from effects of auras in migraine head-
ache), worst headache of life with ‘thunderclap’ 
sudden onset, headache in the setting of sys-
temic illness, headache associated with visual 
disturbance (papilledema), post-traumatic head-
ache, or headache worsened with Valsalva and 
upright position. Thunderclap headache is 
defined as any severe headache peaking within 
1 min. Non-thunderclap headache is any head-
ache with mild to severe intensity, peaking in 
more than 1 min. Several of these resultant enti-
ties are reviewed in the subsequent sections 
[46]. Headache in pregnancy is discussed in fur-
ther detail in Chap. 27.
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 Idiopathic Intracranial Hypertension 
(IIH)

Idiopathic intracranial hypertension (IIH) refers 
to a disease entity involving the elevation of 
intracranial pressures unrelated to an intracranial 
space-occupying process (such as brain tumor) or 
infectious/inflammatory process (such as menin-
gitis). Patient symptomology includes positional 
headaches, decreases in visual acuity (most 
severely as papilledema), and pulsatile tinnitus 
unrelated to direct inner ear pathology. 
Commonly, patients with classic IIH are female, 
obese, and relatively young/pre-menopausal. 
Increased frequency in the obese and pregnant 
state is mediated by a combination of elevations 
in adipokines and steroid hormones, noting dys-
regulation of 11 beta hydroxysteroid dehydroge-
nase activity in the liver and adipose tissue with 
resultant elevations in CSF resorption is a 
recently proposed biochemical pathway of devel-
opment [47]. The elevation in intracranial pres-
sure can be detected by a combination of clinical 
examination findings, lumbar puncture with ele-
vation of opening pressure (greater than 20  cm 
H2O in non-obese patients and greater than 25 cm 
H2O in obese patients), and imaging [48, 49].

The leading hypothesis regarding its increased 
detection in pregnant patients is related to a com-
bination of hormonally and hemodynamically 
induced effects. Notably, increased levels of 
estrogen lead to an associated increase in proco-
agulants, blood pressure, hyperlipidemia, and 
glucose intolerance. Similarly, increases in pro-
gesterone result in vasodilation with increases of 
plasma volume. Beginning in week 5 of gestation 
with subsequent elevations throughout pregnancy 
until delivery, changes in the coagulation system 
during pregnancy include increases in plasmino-
gen activator inhibitor, rise in activated protein C 
resistance, increases in Facto VII, increases in 
fibrinogen levels, increasing Factor V activity, 
and drops in Protein S [16].

Classic MRI brain features of IIH include the 
detection of intraorbital optic nerves tortuosity, 
stretching/thinning of the posterior globes, empty 
sella, low-lying cerebellar tonsils, or a combina-
tion of these findings [50]. Dural venous sinus 

stenosis is often identified at the transverse—sig-
moid junction of the dominant or codominant 
dural venous sinus system. The debate of venous 
sinus stenosis being a cause or consequence of 
IIH continues, noting that articles as recent as 
2019 state the entity results in the incidental pres-
ence of an “empty sella” (i.e., flattened appear-
ance of pituitary gland on imaging) rather than 
IIH itself [51]. Regardless of one’s stance on the 
role of venous sinus stenosis in IIH symptomol-
ogy, dural venous sinus stenting has become a 
progressively more performed procedure in the 
field of Interventional Neuroradiology, as its 
resultant effects of significant improvements of 
patient symptomology have been favorable 
(Fig. 3.1) [52–54]. IIH in pregnancy is discussed 
in further detail in Chap. 35.

 Cerebral Venous Sinus Thrombosis 
(CVST)

Venous thromboembolism in the intracranial set-
ting often poses a diagnostic dilemma in particu-
larly the pregnant patient, as its clinical 
presentation may broadly range from acute neu-
rological deficit, altered mental status, seizure, 
obtundation, or even coma. Its incidence is rare, 
estimated at 5 per million cases and accounts for 
0.5%–1% of all strokes, though this incidence 
increases with pregnancy, puerperium, hormone 
replacement therapy, and oral contraceptive use. 
Its pathophysiology stems from achieving 
Virchow’s triad of biophysical and chemical cri-
teria, notably endothelial injury, coagulation cas-
cade activation, and alterations in laminar blood 
flow with superimposed direct drug and hormon-
ally induced thrombosis [55]. Approximately 
0.004%–0.01% of all pregnancies are compli-
cated by CVST, and up to 2% of pregnancy 
strokes can be attributed to CVST [56, 57]. Initial 
noncontract head CT may demonstrate increased 
density throughout the various superficial and/or 
deep venous drainage pathways. Depending on 
extent of thrombotic burden, increased density 
may be peripherally detected in the superior sag-
ittal, transverse, and sigmoid dural venous 
sinuses and centrally detected in the straight 
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Fig. 3.1 Patient presenting with headaches and blurry 
vision, noting papilledema on ophthalmologic evaluation. 
Axial T2 (a) and Sagittal T2 (b) brain MRI images in a 
patient with IIH.  Left image shows markedly tortuous 
optic nerves with prominent CSF around optic nerves 

(long arrows). Right image shows empty sella (short 
arrow) and ectopic cerebellar tonsils (long arrow). All 
these findings suggest diagnosis of IIH in this pregnant 
patient

sinus and internal cerebral veins on the noncon-
trast CT modality. MRI is more sensitive in its 
evaluation given its ability to detect thrombus in 
the involved superficial and deep cerebral veins 
and venous sinuses. Aside from increased sus-
ceptibility and intrinsically T1 bright signal 
related to the effects of thrombotic burden, sec-
ondary effects of thrombosis can be seen, includ-
ing the evolution of infarcts with restricted 
diffusion and associated T2 abnormality typi-
cally affecting symmetric deep and superficial 
structures, noting that zones of venous infarction 
are not of the typical arterial stroke distributions 
[58]. Unfractionated heparin and low-molecular 
weight heparin do not cross the placental barrier 
and are the anticoagulants of choice in pregnancy. 
However, pregnancy may alter the metabolism of 
LMWH, requiring high doses than typical. 
Coumadin is contraindicated in the first trimester 
given its teratogenicity and ability to readily 
cross the placenta, though its uses after first tri-
mester is within standards of clinical practice 

(Fig.  3.2) [16, 59]. CVST in pregnancy is dis-
cussed in further detail in Chap. 11.

 Reversible Posterior 
Leukoencephalopathy (PRES)

Reversible posterior leukoencephalopathy 
(PRES) is seen in a wide age range from pediatric 
to geriatric, though it most commonly affects 
young to middle aged female adults even when 
excluding pregnant patients with eclampsia. 
PRES pathophysiology stems from a combina-
tion of systemic hypertension and impaired cere-
bral autoregulation resulting in increased blood 
flow. Simultaneous aberrant immunological acti-
vation with endothelial dysfunction is contribu-
tory in the pre-eclamptic pregnant state. Prognosis 
is usually good [60].

PRES is initially detected on noncontrast CT 
as vasogenic edema in a holohemispheric water-
shed, superior frontal sulcus, and/or dominant 
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Fig. 3.2 Pregnant patient presenting with worst headache 
of life and confusion. (a) Axial CT shows hemorrhage in 
the left temporal lobe. (b) Non-contrast MRI with suscep-
tibility weighted imaging (SWI) demonstrates marked 
susceptibility corresponding to the area of hemorrhage. 
(c) Coronal FLAIR image confirming temporal lobe hem-
orrhage and better accentuating degree of bright surround-

ing vasogenic edema. (d) Non-contrast axial T1 image 
shows hyperintense thrombus in the left transverse sinus. 
(e) Time-of-Flight 3D reconstruction of MR venography 
confirms lack of signal in the left transverse sinus (short 
arrow) as well as sigmoid sinus and internal jugular vein, 
consistent with dural venous sinus thrombosis

parietal-occipital distribution, with partial or 
asymmetric expression of these primary patterns 
possible. Involvement in the posterior parietal 
and occipital lobes in most common, encompass-
ing more than 90% of cases. MRI with T2 and 
FLAIR sequences confirm edema without associ-
ated infarction, noting its eventual reversibility 
and resolution is the hallmark of PRES. Punctate 
infarcts characterized as bright DWI and dark 
ADC signal can be seen within confluent areas of 
vasogenic edema. Likewise, punctate parenchy-

mal hemorrhage is seen in up to 15% of PRES 
cases. Persistence and progression of edema is 
rare, occurring in 3–6% of patients. Larger areas 
of infarction, significant subarachnoid or paren-
chymal hemorrhage, PRES development in the 
setting of sepsis or chemotherapy, or edema and 
infarct development in atypical areas including 
the deep brain nuclei, brainstem, and spinal cord 
portend to poorer prognosis (Fig.  3.3) [60]. 
Preeclampsia, eclampsia, and PRES are dis-
cussed in detail in Chap. 12.

3 Neuroimaging in the Pregnant Patient



50

 Reversible Cerebral Vasoconstriction 
Syndrome (RCVS)

Reversible cerebral vasoconstriction syndrome 
(RCVS)—also known as Call–Fleming syn-
drome or migranous vasospasm—presents as 
severe headaches in the setting of reversible con-
striction of cerebral arteries. This is an important 
reversible cause of the thunderclap headache pre-
sentation. RCVS is also most commonly associ-
ated with pregnancy even without eclampsia, 
occurring in women between ages 20 and 50. The 

pathophysiology is not exactly known, but the 
innervation of sensory afferents from the V1 
branch of the trigeminal nerve and dorsal root of 
C2 are thought to explain the anatomic basis of 
both the sensation of headache and vasoconstric-
tion. Moreover, the presence of transient neuro-
vascular changes and edema in both RCVS and 
PRES suggests that there is some overlap in their 
pathophysiology. Although RCVS clinical symp-
toms are self-limited with a typically favorable 
prognosis, recurrences and complications 
throughout life are reported depending on devel-

a
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b

Fig. 3.3 Pregnant patient with eclampsia, hypertension, 
and visual disturbances. (a, b). Axial FLAIR images dem-
onstrate abnormal signal in the bilateral medial occipital 
lobes centered in the subcortical white matter and gray-
white junctions (arrows). (c, d) Axial diffusion weighted 

and accompanying ACD mapping confirming no infarc-
tion in these areas of abnormal signal. (e, f) Repeat MRI 
performed 6  days later demonstrate resolution/marked 
improvement in previously seen signal abnormality 
related to PRES
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Fig. 3.3 (continued)

opment of ischemia, hemorrhage, or seizure at 
the time of initial presentation [60].

Neuroimaging of RCVS features are best 
appreciated on either CT or MR angiographic 
examinations, with catheter angiography remain-
ing the gold standard of diagnosis. Vessel wall 
imaging with thin-section fat suppressed contrast 
enhanced MR with accompanying high- 
resolution thin section T2 weighted imaging to 
has been useful in differentiating RCVS (typi-
cally no wall enhancement or edema) from vas-
culitis (typically possess vessel wall enhancement 
and edema). However, its widespread utilization 
in the non-academic setting is less frequent given 
potential discrepancies in its accuracy. RCVS 
results in vasoconstriction of dominant central 
and peripheral cerebral arterial branches in a 
waxing and waning distribution, noting vasocon-
striction with a minimum of two areas of narrow-
ing within the same artery or on two different 
cerebral arteries with expected resolution by 
3 months of initial detection. Unlike PRES, resul-
tant hemorrhage of the subarachnoid type and 
infarcts are more common, occurring in up to 
1/3rd of patients (Fig.  3.4) [60]. RCVS and its 
variant postpartum cerebral angiopathy are dis-
cussed in detail in Chaps. 13 and 14.

 Cerebral Aneurysm, Subarachnoid 
Hemorrhage, and AVM

SAH in the setting of aneurysmal rupture during 
pregnancy is the fourth leading cause of non- 
obstetrical maternal death with up to 40% mor-
tality rate, noting that its occurrence and 
management has been reported in the literature 
as early as 1965 [61, 62]. Literature suggests 
there is an up to 600% increase in the prevalence 
of aneurysmal SAH during the peripartum 
period, most likely as a result of pregnancy-
related hormonal and physiologic changes 
impacting cerebral autoregulation and overall 
hemodynamic stability. In the absence of critical 
clinical grade, immediate operative or endovas-
cular intervention is typically necessary given 
re-rupture occurrence in 33%–50% of cases with 
associated mortality rates between 50% and 68% 
[63]. Despite iodinated radiation exposure, CTA 
is typically initially performed in the pregnant 
patient in the setting of higher clinical grades, 
noting that the balance of maternal health with 
theoretical scatter radiation despite adequate 
abdominal shielding is either discussed with the 
patient, the healthcare proxy, or emergently 
agreed upon by the providing physician(s). If 

3 Neuroimaging in the Pregnant Patient



52

a b c

Fig. 3.4 Pregnant patient with dizziness. (a) Time of 
flight MRA 3D reconstruction of basilar circulation dem-
onstrates focal short-segment critical stenosis of the left 
P1 segment of the posterior cerebral artery (arrow). (b) 

This persisted on MRA examination performed 2 weeks 
later. (c) Follow-up MRA performed 3 months latera dem-
onstrated interval resolution of previously seen critical 
stenosis, in keeping with the reversible nature of RCVS

low volume SAH with maintained clinical-
examination or hemorrhage distribution more 
suggestive of post-traumatic, venous, or perimes-
encephalic SAH, evaluation may still be per-
formed with CTA, noting that non-contrast MRA 
with time- of- flight acquisitions can provide 
cerebral arterial evaluation with comparable effi-
cacy [64]. Catheter angiography remains the 
gold standard for diagnosis and potential endo-
vascular-guided treatment of aneurysms amena-
ble to such therapy. Coil embolization efficacy is 
comparable to that of surgical microclipping and 
maybe favored in the acutely ruptured state [65–
67]. Stent- assisted coiling of wide neck aneu-
rysms may not be possible or less desired in 
either a ruptured aneurysm or pregnant patient 
for whom  long- term antiplatelet therapy is not 
desired by either the referring providers, patient, 
or respective proxy [68, 69]. The advent of aneu-
rysm intrasaccular flow disrupter devices such as 
the Woven Endoluminal Bridge (WEB) have 
widened the inclusion criteria of wide-neck 
aneurysms now amenable to endovascular-
guided embolization [70].

Aneurysms may also be seen in the setting of 
underlying high-flow intracranial vascular 
anomalies such as arteriovenous malformations 
(AVMs). These are high-flow arteriovenous con-
nections without an interweaving capillary net-
work, instead encompassed by abnormal tangles 
of immature communicating vessels referred to 
as an AVM nidus. The prevalence of AVM is 
approximately 0.01%–0.5%, typically first man-
ifesting in patients 20–40  years of age [71]. 
These anomalies can increase in size and possess 
aneurysms either within the nidus or the remain-
ing intracranial circulation secondary to 
increased hemodynamic effects. These can be 
further exacerbated in the pregnant state due to a 
combination of hormone induced angiogenesis, 
vascular changes, and an overall increased 
hemodynamic state related to pregnancy itself. 
Although prior research has not suggested a 
clear link between pregnancy and an increased 
AVM hemorrhage risk, recent research re-exam-
ining this relationship has suggested otherwise. 
An observational study in 2020 of over four mil-
lion pregnant women, 568 of whom had AVM, 
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Fig. 3.5 Pregnant patient with worst headache of life and 
decreased left upper extremity strength. (a, b) Axial T2 
and FLAIR MRI images demonstrate abnormal signal 
with edema and flow void prominence in the right frontal 
lobe precentral gyrus. (c) Non-contrast head CT demon-
strates focal hemorrhage in this location. (d) Given hem-
orrhage presence, despite pregnant status, contrast 
administered given the underlying neurosurgical emer-

gency. Axial CTA confirms abnormal tangle of vessels 
consistent with AVM nidus. (e, f) Coronal and sagittal 
MIPs redemonstrating right frontal AVM with superficial 
venous drainage and nidus measuring approximately 
1.5 cm tall. Small size of AVM with less than 3 cm nidus 
and location in eloquent cortex result in this being a 
Spetzler-Martin grade 2 AVM.  Rupture of an intranidal 
aneurysm resulted in parenchymal hemorrhage

found that the risk hemorrhage increased 3.27-
fold (95% CI of 1.67–6.43) during pregnancy 
and the puerperium period compared with a non-
pregnant period. Thus, caution is taken when 
caring for patients with known AVM to present 
rupture (Fig. 3.5) [72]. Cerebral aneurysm, SAH, 
and AVMs in pregnancy are discussed in detail 
in Chaps. 8 and 9.

 Neoplasms

Intracranial neoplasms are rare in the pregnant 
patient when compared with the incidence of 
breast or lung carcinoma. Annual incidence is 
2–3.2 cases per 100,000 of reproductive-aged 
women between 20 and 38 years of age regardless 
of race. However, despite its low incidence, resul-
tant mortality is estimated between 0.5 and 1.1 
deaths per 100,000 women of reproductive age, 

leading to this being the nineth most common 
cause of cancer-related death in this age group. 
Presenting symptoms can be nonspecific, ranging 
from headache, visual disturbance, seizures, or 
motor and sensory deficits depending on a combi-
nation of tumoral location, size, and resultant 
sequalae of mass effect or shift on surrounding 
eloquent areas of brain parenchyma. Such non-
specificity can lead to difficulty in initial diagno-
sis or clinical consideration. Any new neurological 
deficit warrants neurological consultation and 
potential dedicated neuroimaging [73].

Unifying these nonspecific clinical symptoms 
is the typical presence of elevated intracranial 
pressure (ICP) due to a combination of the 
tumor’s presence itself and the overall hypervol-
emic state of pregnancy. The most common ini-
tial presenting symptom is headache, occurring 
in 36%–90% of pregnant patients with intracra-
nial neoplasms. Headaches worse in the morning 
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and exacerbated with maneuvers elevating intra-
cranial pressure such as Valsalva, laying down, 
physical exertion, or coughing are indicators sug-
gesting the need for further evaluation. Additional 
signs of elevated ICP include nausea and vomit-
ing, occurring in 25% of patients. Though pres-
ence of these symptoms can be confounded by 
the typically similar hormonally mediated symp-
toms of the first trimester of pregnancy, develop-
ment or persistence of such symptoms during the 
second or third trimesters may provide a stronger 
indication for further evaluation [73].

Imaging is performed with either CT or 
MRI.  MRI is preferred in the pregnant patient 
given no ionizing radiation exposure to gestation 
from use, improved resolution and soft tissue 
characterization over CT. CT utility stems from 
its rapid acquisition relative to MR and ability to 
triage accordingly if a patient has a suspicious 
mass warranting further imaging. To date, 
research has not shown conclusive evidence of 
complications different from those that occur in 
non-pregnant patients from the use of contrast 
agents such as gadolinium. However, contrast 
enhancement with MRI is generally not utilized 
given the potential for crossing of the placental 
barrier, though its implementation is ultimately 
up to the discretion of the approving radiologist 
and receiving patient [43].

Meningiomas are frequently encountered 
benign intracranial neoplasms that grow dramati-
cally in the pregnant state due to hemodynamic 
changes and hormone induced effects from pro-
gesterone and estrogen (between 33% and 38% 
have estrogen receptors and 70%–90% have pro-
gesterone receptors). They are extra-axial in loca-
tion and can be detected on noncontrast CT 
depending on their size, mass effect, and resul-
tant edema. MRI is more sensitive in their evalu-
ation, characteristically demonstrating their dural 
origin (“dural tail”). If contrast is utilized, these 
masses are known for their avid enhancement 
(Fig. 3.6) [73].

The most common primary parenchymal brain 
tumors are gliomas arising from glial cells and 
present more frequently during the first and sec-

ond trimesters. If lower grade (such as oligoden-
droglioma or astrocytoma), resection maybe 
delayed until following deliver, with steroids or 
anti-epileptic medications given accordingly to 
reduce tumoral edema and seizure frequency if 
present. Higher-grade gliomas (such as anaplas-
tic astrocytomas and glioblastoma multiformes) 
can rapidly progress with resultant clinical dete-
rioration. Therefore, tumoral debulking and sur-
gery are performed even during pregnancy, with 
subsequent adjuvant chemoradiation held until 
after pregnancy. Early fetal deliver via induction 
or caesarian section may be considered if the ges-
tation is advanced in age. As with meningioma 
detection, MRI is most sensitive and specific in 
its identification and staging of intracranial 
tumoral extent. Given their glial origin, tumors 
are distinguished from normal brain parenchyma 
via their asymmetric appearance relative to nor-
mal parenchyma and accompanying cortical and 
white matter track irregularity. Enhancement and 
edema may or may not be present and depend on 
a combination of tumoral stage of disease and 
size [73].

Other masses with increased prevalence in 
pregnancy due to hormonally induced growth 
include acoustic neuromas, pituitary neoplasia, 
and colloid cysts. Several other masses have also 
been described in the pregnant patient—though 
to a lesser frequency—ranging from dysembryo-
plastic neuroepithelial tumor, primary meningeal 
sarcoma, paraganglioma, CNS lymphoma, 
medulloblastoma, pineal region tumor, cranio-
pharyngioma, hemangioblastoma, and ependy-
moma [73]. Intracranial neoplasms and sellar 
lesions are discussed in detail in Chaps. 36 and 
37, respectively.

 Noninflammatory and Inflammatory 
Demyelination

Hyperemedis gravidarum is characterized as 
severe vomiting typically occurring in the first 
trimester leading to dehydration, electrolyte 
imbalances, and weight loss. The resultant elec-
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Fig. 3.6 (a, b) Head CT 2 years prior to pregnancy in soft 
tissue (a) and bone (b) windows demonstrate a densely 
calcified extra-axial meningioma along the right temporo- 
occipital calvarium. (c, d) Second-trimester of pregnancy 
MRI images demonstrating slight interval growth in the 
meningioma with minimal surrounding edema in the right 

cerebellar hemisphere (arrow). (e, f) Post-pregnancy pre- 
operative MRI demonstrates increased right cerebellar 
edema (short arrow) and further increase in size of menin-
gioma, noting its avid enhancement and extra-axial dural 
origin on coronal post-contrast enhanced imaging (long 
arrow)

a b

c d
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trolyte disturbances or management of such may 
result in detrimental neurological complications 
that can be detected with imaging. Osmotic 
demyelination syndrome is a non-inflammatory 
demyelination either involving the pons or other 
areas (extra-pontine) of the central nervous sys-
tem that characteristically occurs following the 
rapid correction of serum sodium less than 135 
millimole per liter (mmol/L), a state referred to 
as hyponatremia. Rapid hyponatremia correction 
is defined as sodium correction with infusion 
rates of more than 10–12  mmol/L (typically 
greater than 18  mmol/L correction in first 
48 h), or consistent rates of increase measuring 
more than 8 mmol/L within any 24-h window 
[74]. However, it has been reported occurring 
even with slow correction if simultaneous 
alternate electrolyte disturbances—notably 
 hypokalemia—are present [75, 76]. The most 
common sites of extra-pontine involvement 
include the cerebellum, lateral geniculate body, 
extreme capsule, external capsule, putamen, 
hippocampi, thalami, caudate nuclei, and gener-
alized cerebral cortex or subcortical regions. 
Rarely are the internal capsules, claustrum, mid-
brain, maxillary bodies, medulla, or internal 

medullary lamella affected. MRI is most sensi-
tive in detection of this entity, with T2 and 
FLAIR imaging showing characteristic expan-
sion and edema related to fluid accumulation 
within either the pons or extra-pontine structures 
noted above. Given an overlap of this distribu-
tion with numerous other infectious/inflamma-
tory entities, clinical history is of vital importance 
[77, 78].

Inflammatory demyelinating disorders such as 
multiple sclerosis (MS) are most commonly seen 
in young childbearing women between the ages 
of 20 and 45 years. This demographic is virtually 
identical to the pregnant patient, with a relation-
ship between these conditions and pregnancy 
expected and subsequently explored throughout 
the literature. Interestingly, the incidence of an 
initial demyelinating episode or relapse of known 
diagnosis is typically lowered during third tri-
mester and late stages of pregnancy, while the 
majority of either new or relapsing demyelination 
episodes tend to occur more in the postpartum 
period. The specific reasons for this relationship 
are unclear, though both the abrupt lowering of 
serum estrogen levels immediately following 
delivery alongside the loss of the immunosup-
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Fig. 3.6 (continued)
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pressive state of pregnancy play a role in this pat-
tern. There is also emerging evidence that 
different cytokine profiles, specifically of pro-
teins such as Activin A, are associated with MS 
activity during both pregnancy and in the post-
partum period [79, 80].

MRI is most sensitive in the evaluation of 
demyelination relative to other white matter 
afflicting conditions, with diagnostic criteria 
including the number, location, and shape of 
lesions aiding in diagnosis. A variety of MS sub-
types exist, most common of which are the 
relapsing-remitting (70% of cases) and primary- 
progressive (15% of cases) subtypes. MS sub-
types are defined by a combination of clinical 
course and evolution of lesions detected over the 
span of a patient’s life, with updated 2017 
McDonald Criteria reviewing these criteria [81]. 
All MS subtypes share common features of T2 or 
FLAIR bright lesions >3  mm long axis dimen-
sion classically seen in the corpus callosum, jux-
tacortical and periventricular white matter, 
infratentorial white matter (brainstem, cerebellar 
peduncles or cerebellum), or spinal cord. Acute 
lesions are diagnosed via a combination of clini-
cal history, detection of new lesions compared to 
prior imaging, and presence of intra-lesion 

restricted diffusion on DWI pulse sequence 
(Fig. 3.7) [38, 82].

The central-vein sign is an MRI finding spe-
cific to perivenous inflammatory demyelination 
classically seen in patients with an established 
diagnosis of Multiple Sclerosis and its 
“Radiologically Isolated Syndrome” corollary 
(syndrome name used to identify asymptomatic 
individuals with parenchymal white-matter find-
ings with features highly suspicious for multiple 
sclerosis in clinically non-diagnosed patients) 
[83, 84]. This is a centrally prominent vein within 
white-matter possessing characteristic linear- 
bands of dark signal on susceptibility weighted 
imaging (SWI) corresponding to prominent 
draining veins within the lesion center [85]. 
Enhancement is not a useful diagnostic criterion 
for acute lesions in pregnant patient given infre-
quent gadolinium-based contrast administration 
in this population. The absence of peripheral rim 
of signal on SWI and more specifically the 
recently described Quantitative Susceptibility 
Mapping (QSM) sequence (hemosiderin margin 
presence) is also more specific to chronic lesions 
relative to acute [38, 82]. The approach to evalu-
ation and management of MS is discussed in 
detail in Chap. 21.
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Fig. 3.7 Pregnant patient with history of multiple sclero-
sis presenting with acute alteration in gait disturbance dif-
ferent from baseline generalized weakness. (a, b) 
Diffusion weighted imaging (DWI) shows focal true 
restricted diffusion (short arrow) in the left periventricular 
white matter with accompanying dark signal on the ADC 
map (long arrow). Findings are consistent with acute 
demyelination in this patient with history of multiple scle-

rosis. (c, d) Axial FAIR images show additional chronic 
white matter disease changes in the bilateral centrum semi 
ovale and corona radiata white matter tracts related to 
long standing multiple sclerosis effects. (e, f) MRI of the 
cervical spine demonstrates additional chronic white mat-
ter lesions along the length of the cervical right-sided 
hemi-cord on sagittal (e) and axial (f) planes of imaging
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 Section 3: Pre-natal Neuroimaging

Ultrasound and fetal MRI have vastly improved 
the ability to detect a variety of neuropathologic 
conditions in the growing gestation prior to deliv-
ery. The following section will highlight key 
pathologies diagnosed either during the second 
or third trimester via ultrasound and fetal MRI 
examination.

 Ventriculomegaly

Microcephaly is defined as head circumference 
measuring more than two standard deviations 
below mean age. Similarly, macrocephaly is 
defined as head circumference measuring more 
than two standard deviations above mean age. 
Classification is made based on a combination of 
biparietal diameter (BPD) and occipitofrontal 
diameter (OFD). In the prenatal patient, ventricu-
lomegaly is defined as a lateral ventricular size 
greater than 10 mm at the level of the atria, with 
or without dilation of the third or fourth ventri-
cles. It is the most common diagnosed fetal brain 
anomaly in the prenatal setting, with prevalence 
estimates in the reported literature ranging from 
1 in 50 to 1 in 1600 gestations. Following mea-

surement of lateral ventricle atrial widths, sever-
ity is graded as mild (10–12  mm), moderate 
(13–15 mm), or severe (>15 mm).

Etiologies of ventriculomegaly spans from 
physiological extremes of normal variation, 
obstructive or non-obstructive ventricular system 
pathology, overproduction or increased volume 
of CSF, atrophy or poor brain parenchymal devel-
opment with associated prominence of ventricu-
lar system, or fetal infection. For instance, 
congenital aqueductal stenosis is a type of non-
communicating hydrocephalus in which partial 
or complete obstruction of CSF flow at the cere-
bral aqueduct (also known as the aqueduct of 
Sylvius) leads to upstream dilation of the lateral 
ventricular and third ventricular systems. Specific 
findings on fetal MRI aside from varying degrees 
of lateral and third ventricle enlargement include 
enlargement of the inferior recess of the third 
ventricle and presence of lateral ventricular 
diverticula. Given the focality of this process, 
prenatal diagnosis allows for earlier intervention 
with techniques such as third ventriculostomy 
creation to prevent further progression of hydro-
cephalus and its resultant effects on parenchymal 
development and maturation (Fig. 3.8) [86].

Ventriculomegaly is often not a condition in 
itself, but rather a sign indicating the need to con-
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Fig. 3.8 20-week gestation with hydrocephalus noted on 
second trimester fetal ultrasound. Axial T2 images from 
fetal MRI (a–d) demonstrate ventriculomegaly of the lat-
eral ventricles and third ventricle. The fourth ventricle 
(short arrow) caliber is within normal limits. Sagittal T2 

image from same fetal MRI exam (e) points to the level of 
suspected stenosis in the cerebral aqueduct. This pattern 
of ventriculomegaly is highly suggestive of congenital 
stenosis of the aqueduct of Sylvius with associated 
upstream hydrocephalus

sider a broad differential diagnosis including the 
above-mentioned etiologies. Identification of ven-
triculomegaly should thus prompt a thorough eval-
uation including amniocentesis, detailed fetal 
ultrasonographic assessment, and testing for fetal 
infection. Adjunct performance of multiplanar 
fetal MRI has allowed for the detection of an 
underlying ventriculomegaly etiology following 
screening sonography regardless of severity. Meta-
analyses have demonstrated the diagnosis of addi-
tional brain abnormalities alongside 
ventriculomegaly in as many as 19% of fetuses. 
Following initial suspicion on prenatal sonogra-
phy, a combination of T2 weighted single shot 
images and T1 weighted gradient images of multi-
planar fetal MRI can further characterize the type 
of ventriculomegaly present and readily identify 
contributory abnormalities if present [87].

 Malformations of Cortical 
Development and Migrational 
Anomalies

Cortical maturation occurs in three steps: (1) 
neuronal precursor proliferation and differentia-
tion; (2) migration of immature neurons; and (3) 
cortical maturation via laminar organization and 

development of synaptic connections. Given their 
alterations in spatial-temporal orientation during 
development, these gray matter progenitor cells 
are referred to as transient fetal layers. Neurons 
originating in the ventricular zone (also known as 
germinal matrix) migrate towards the pial surface 
of the developing cortex, utilizing radially ori-
ented glial cells as scaffolds during their ascent. 
Migration occurs in waves, resulting in a laminar 
pattern of cell throughout the first and second tri-
mester. The start of the third trimester (28th ges-
tational age week) typically marks the start of 
germinal matrix regression, which continues 
until disappearance at full term (37 weeks gesta-
tional age). Errors in one or more of the cortical 
maturation phases lead to uniquely named mal-
formations of cortical development, ranging from 
conditions of incomplete to dysmorphic cortical 
development. All of these malformations predis-
pose the fetus to seizure disorders in postnatal 
life. Gyri with a broad flattened appearance with 
associated cortical thickening are referred to as 
pachygyria. In contrast, numerous small gyri 
with excessive small convolutions or any abnor-
mal folding of one or more cortical layers are 
referred to as polymicrogyria. The distribution of 
polymicrogyria may vary, ranging from focally 
isolated in any one specific lobe to multifocal 
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Fig. 3.9 31-year-old woman with 29-week gestation. 
Axial T2 images (a–d) demonstrate asymmetric small 
size of left cerebral hemisphere compared to right with 
several areas of clumped, polymicrogyria lining the con-
vexities of the smaller left cerebral hemisphere (short 
arrows). This is compared to the relatively normal size 

and cortical architecture of the right cerebral hemisphere 
(long arrows). Sagittal T2 image of the right cerebral 
hemisphere (e) demonstrates asymmetric increase in size 
of the right compared to the left (f). Constellation of find-
ings are consistent with unilateral cerebral hemispheric 
polymicrogyria with ipsilateral cerebral hemiatrophy

involvement of an entire cerebral hemisphere 
with resultant unilateral cerebral atrophy second-
ary to maldevelopment (Fig. 3.9) [88, 89].

The gray-matter structures of the cerebral 
hemispheres originate from the ventricular layer 
(germinal matrix) of the developing hemisphere, 
and the neurons and glia migrate outwards to 
their final position in either the cerebral cortex or 
the deep gray structures. Barkovich and co- 
authors classified gray matter disorders into fail-
ure of cerebral cortex neuronal/glial proliferation 
in the ventricular zone, failure of migration, and 
failure of cortical organization [90]. An abnor-
mality in an earlier process is likely to interfere 
with the related later process. For instance, an 
abnormal neuronal formation is likely to have a 
deleterious impact on both neuronal migration 
and cortical formation. Abnormalities of cortical 
formation, therefore, are classified by the devel-
opmentally earliest event that is known to be 
defective [91–93].

Gray matter remaining in the subependymal 
lining of the ventricles are referred to as subepen-
dymal gray matter heterotopias (SHE). While 
these can be sporadic in occurrence, they are 
noted in as high as 30% of patients with the 
Chiari 2 deformity. Awareness of this entity is 
important, as up to 80% of patients with this 
develop epilepsy during lifetimes, with associ-
ated disorders of cognition ranging from 20% to 
60% in the post-natal life. A recent review of fetal 
MRI imaging in 95 fetuses with Chiari 2 showed 
that although only 22 of the patients (23% of 
cohort) were suspected as having subependymal 
heterotopia, only 11 of these cases (50% of 
cohort) possessed actual heterotopia on post- 
natal MRI. Similarly, while 27 of the 95 patients 
(28% of cohort) were found to have true hetero-
topias on post-natal imaging, only 11 of these 
patients (41% of cohort) were suspected of pos-
sessing it on pre-natal MRI. Several factors can 
result in reduced detection accuracy on fetal 
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MRI, including fetal motion image degradation 
and small size of neuroanatomy relative to post- 
natal life. As such, because its pre-natal imaging 
detection can be challenging, closer scrutiny for 
its evaluation is warranted especially in the set-
ting of Chiari 2 [94].

Bands of heterotopic gray matter between the 
ventricular lining and cortical mantle character-
ize subcortical band heterotopia, also known as 
double cortex syndrome. The overlying cortex 
ranges from having a normal appearance, pos-
sessing pachygyria, or possessing near-complete 
lack of cortical gyration referred to as lissenceph-
aly. Lissecephaly has traditionally been catego-
rized into types 1 and 2. Type 1 is the classic type 
with smooth brain surface in the setting of agyria. 
Type 2 is characterized by the cobblestone brain 
surface appearance in the spectrum of pachygy-
ria. The type 2 subtype is typically associated 
with syndromes of muscular dystrophy such as 
muscle-eye brain (MEB) disease, Walker- 
Warburg syndrome, and Fukuyama syndrome 
[95]. New spectrums of lissencephaly classifica-

tion continue to emerge based on a combination 
of genetic markers, patterns of agyria to pachy-
gyria, presence or absence of band heterotopias, 
cortical thickness measurements, and presence of 
associated parenchymal abnormalities such as 
corpus callosal dysgenesis and cerebellar hypo-
plasia [96]. Co-existence of band heterotopia 
with polymicrogyria is rare, noting scattered case 
reports in the literature (Fig. 3.10) [97, 98].

Hemimegaloencephaly is characterized as a 
focal, nonneoplastic failure of neuronal/glial pro-
liferation. Specifically, there is a unilateral over-
production of neurons and glia, resulting in an 
increased volume of the affected cerebral hemi-
sphere. As the increased numbers of cells are 
embryologically immature, their migration and 
cortical organization are faulty. This results in the 
associated pachygyria, polymicrogyria, and het-
erotopia that are a classically a part of this entity. 
Ventriculomegaly is present without accompany-
ing volume loss or sequalae of post-obstructive 
etiology. Midline shift of the enlarged cerebral 
hemisphere may occur; notably occipital lobe 
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Fig. 3.10 Axial T2 MR images (a–c) demonstrating 
markedly smooth cortical surface, atypical for patient’s 
gestational age (short arrow). Underlying band heteroto-

pia is also present (long arrow). These findings are simi-
larly made on coronal T2 images (d–f). Constellation of 
findings are consistent with lissencephaly
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extension beyond the cerebral falx level is fre-
quently present. There is disruption of the tran-
sient layers, best appreciated on DWI. In the fetal 
brain, the cell rich and cell sparse in transient 
structures have characteristic appearances on 
DWI. High diffusion coefficients are seen in the 
cell-sparse zones, while restricted diffusion is 
present in the cell rich regions with high nuclear 
to cytoplasmic ratios. As such, DWI is useful in 
detecting areas of restricted diffusion related to 
cellularity in areas of abnormal cortical forma-
tion in transient layers [91–93].

 Post-ischemic Spectrum 
of Parenchymal Injury

Neuraxis insults can still occur during fetal 
growth in the second and third trimesters despite 
successful first trimester development. Causes 
include states of maternal-fetal infection, inflam-
mation, placenta previa and abruption, polyhy-
dramnios (excess amniotic fluid) associated 
intrauterine growth restrictions, altered maternal 
hemodynamics in the setting of eclampsia, sei-
zures, trauma, and drugs such as cocaine. 
Resultant effects range from generalized injury 
of sensitive critical structures (hypoxic-ischemic 
spectrum and periventricular leukomalacia), uni-
focal and multifocal walled-off encephaloma-
lacic zones known as porencephalic cyst(s), or 
global atrophy corresponding to major vascular 
territories (hydranencephaly) [99].

The subplate and intermediate zones are pre-
cursors of neonatal white matter. The subplate 
zone is particularly important in neuronal migra-
tion and axon guidance and connectivity. 
However, the subplate zone is vulnerable to isch-
emic or hypoxic effects in preterm injury [91].

Patterns of prenatal brain injury are related to 
the vascular distributions of brain parenchyma 
that are affected by the specific insult. The sever-
ity of insult can be characterized as mild, moder-
ate, or severe depending on their imaging and 
clinical manifestations such as acid-base status, 
EEG, MRI patters, Apgar score, and overall clini-
cal exam.

Periventricular leukomalacia or germinal 
matrix hemorrhage occurs as a result of hypoxic 

ischemic injury in the early third trimester. This 
occurs as a result of hypoperfusion injury, regard-
less of severity or fetal location (intrauterine or 
extrauterine preterm). Their detection in prenatal 
imaging can be challenging, as imaging findings 
are more subtle as compared to their pronounced 
cystic appearance on postnatal imaging. The 
presence of increased periventricular echo-
genicity in the third trimester is specific for future 
PVL development in postnatal life [100]. Other 
pathologies can lead to similar periventricular 
increased echogenicity however (ranging from 
edema, TORCH infection, early choroid plexus 
and subependymal cysts, or early porencephaly). 
This is in contrast to fetuses in the late third tri-
mester and term infants, as these later stage ges-
tations succumb to watershed zone infarcts 
between the border zones and within the ante-
rior—middle cerebral and middle—posterior 
cerebral artery territories. Severe hypotension in 
either the early or late third trimester additionally 
affects the thalami, brainstem, and cerebellum, 
noting increased echogenicity on prenatal ultra-
sound with corresponding increased T2 signal on 
fetal MRI (Fig. 3.11) [101].

Multifocal encephalomalacia can result in 
pockets of walled off cystic encephalomalacia 
referred to as porencephalic cysts. These may or 
may not be in communication with the ventricu-
lar system depending on their location. They are 
distinguished from regions of open-lip schizen-
cephaly by their lack of intact gray matter lining 
their peripheral aspects [102, 103].

Hydranencephaly is the most severe entity in 
this spectrum, characterized by bilateral cerebral 
cortical destruction as a result of bilateral internal 
carotid artery territory infarcts. Classic imaging 
demonstrates absences of the bilateral cerebral 
hemispheres supplied by the anterior and middle 
cerebral artery territories, noting only sparing of 
the vertebrobasilar circulation supplied posterior 
fossa elements and brainstem. Variable amounts 
of residual cerebral parenchyma may be present 
depending on potential preservation of ICA terri-
tory branches. Given absence of dominant fore-
brain components, there can be difficulty in 
distinguishing this entity from alobar holopros-
encephaly and severe ventriculomegaly 
(Fig. 3.12) [104].
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Fig. 3.12 Axial T2 (a–d), coronal T2 (e), and sagittal T2 
(f) fetal MRI images demonstrate the presence of hydran-
encephaly. Note the lack of supratentorial brain paren-
chyma secondary to sequalae of intrauterine insult, 
resultant hydrocephalus secondary to surrounding global 

cortical and parenchymal atrophy (curved arrow pointing 
to marking of lateral ventricle in e), minimal residual mid-
brain (short arrow in c), and otherwise preserved posterior 
fossa anatomy (long arrows in d–f pointing to cerebellum 
and intact posterior fossa structures)
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Fig. 3.11 Axial T2 images (a–c) demonstrate ventriculo-
megaly secondary to periventricular leukomalacia (PVL). 
Axial SWI images (d–f) demonstrate combination of peri-
ventricular/subependymal chronic blood products and 

calcifications. This combination of findings suggest 
sequalae of the TORCH pre-natal spectrum of diseases (in 
this case prenatal exposure to Rubella)

In alobar holoprosencephaly, which will be 
readdressed in a separate section, there are errors in 
primary neurulation with subsequent lack of fore-
brain element formation. As a result, there is 
incomplete separation of midline brain elements, 
notably the thalami and deep gray nuclei (‘fused 
thalami’ appearance of alobar holoprosencephaly). 
In hydranencephaly, the thalami and posterior fossa 

elements are formed within normal limits, remain-
ing separate accordingly. In severe ventriculomeg-
aly, a thin rim of peripherally located forebrain 
parenchyma remains as the apparent empty appear-
ance of the cranial vault is related to central to 
peripheral expansion from ventricular system 
enlargement rather than a direct absence of brain 
parenchyma from destruction [104].
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 Abnormalities of the Corpus Collosum

The corpus callosum is the dominant supraten-
torial commissure connecting bilateral cerebral 
hemispheres arising from the lamina reunions of 
His and developing between weeks 8 and 20 of 
gestational age, and best detected on fetal MRI 
by 18–20  weeks. Development starts in the 
genu, continues dorsally along the body, and 
then extends from the isthmus to the splenium. 
The rostrum, the most ventrally located portion 
of the corpus callosum located anteroinferior to 
the genu, is the last part to be formed. Agenesis 
of the corpus callosum (ACC) is detected during 
prenatal sonography via a combination of sono-
graphic findings, including widening of the 
interhemispheric fissure, absence of the cavum 
septum pellucidum, high-riding third ventricle, 
and colpocephaly. The condition classically 
produces a steer horn appearance to the frontal 
horns with associated separation of both cere-
bral hemispheres and elevation of the third 
ventricle.

Fetal MRI allows for confirmation of true 
agenesis. This is opposed to dysgenesis (DCC), 
in which parts of the callosal tract are incom-
pletely formed rather than complete agenesis. 
This can occur either as a result of post-formation 
acquired insult or due to interruption develop-
ment, both of which can be differentiated depend-
ing on which portions of the callosal tract remain 
intact. Maintenance of the rostrum with other-
wise absent portions of the genu, body, isthmus, 
or splenium indicate acquired insult leading to 
lack of formation rather than incomplete devel-
opment since the final portion of corpus callosum 
formation—the rostrum—remains intact. 
Commonly associated brain abnormalities 
include sulcation and posterior fossa abnormali-
ties. Abnormalities and delays of sulcation are 
detectable in as early as 19 weeks gestational age 
(though sulcation patterns are more characteristi-
cally evaluated beginning 30 weeks of age) with 
fetal MRI and seen in up to 50% of fetuses with 
ACC.  Sulcation delays are common in fetuses 
with ACC, suggesting that delay is a manifesta-
tion of global white matter dysgenesis rather than 
its own separate abnormality. Gyral malforma-

tions are frequently encountered and include 
polymicrogyria, lissencephaly, pachygyria, and 
schizencephaly. Posterior fossa abnormalities are 
also frequently detected, ranging from cerebellar 
hemispheric and vermian abnormalities, some of 
which are mentioned in their respective subsec-
tion. Callosal abnormalities are also included in 
the spectrum of findings part of numerous syn-
dromes ranging from Aicardi syndrome, Walker- 
Warburg syndrome, and MASA syndrome. 
Following initial detection or suspicion on prena-
tal sonography, a combination of T2 weighted 
single shot images and T1 weighted gradient 
images of multiplanar fetal MRI can detect agen-
esis or dysgenesis of the corpus callosum, sulca-
tion abnormalities, and alternate corollary 
abnormalities if present (Fig. 3.13) [105].

 Abnormalities of the Cavum Septum 
Pellucidum

The septum pellucidum is identified as the mid-
line interventricular septum separating both right 
and left lateral ventricles. The septum pellucidum 
unit is composed of an anterior (septum pellu-
cidum) and posterior component (septum ver-
gae), with persistent cavum formation in each 
known as cavum septum pellucidum (CSP) and 
cavum vergae (CV). CSP and CV describe the 
presence of a CSF-filled central cavity within 
these portions of the septum. This appearance is 
normal in the first and second trimesters, with 
closure of the leaflets from front to back starting 
around 6  months gestational age. CSP persis-
tence into post-natal life is a common normal 
variant, whereas nearly all term infants have clo-
sure of the CV. Septum formation is intricately 
associated with development of the limbic sys-
tem fornices and forebrain commissures. 
Originating from the lamina reuniens—tissue 
connecting the telencephalon near midline—this 
forms the upper border of the lamina terminalis at 
7  weeks gestational age. At 9  weeks of age, 
hippocampal- septal fibers and the anterior com-
missure form within this lamina reuniens, with 
these hippocampal-septal fibers crossing midline 
in the posterior aspect of the lamina reuniens at 
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Fig. 3.13 34-year-old woman with 27-week gestation. 
Axial T2 (a–c) and Coronal T2 (d–f) images of the brain 
demonstrate complete separation of the bilateral cerebral 
hemispheres without evidence of a corpus collosum. 
There is a steer horn appearance to the frontal horns espe-

cially noted on the coronal plane of imaging (d), with the 
horns simulated by the lateral ventricles (short arrow) and 
elevated third ventricle roof simulating the top of the steer 
horn’s head (long arrow). Findings are consistent with 
agenesis of the corpus collosum

week 11. At week 12, the interhemispheric fis-
sure—also named the sulcus medianus teleceph-
ali medii based on its origin structures—divides 
the lamina reuniens with its lateral walls forming 
the leaves of the CSP. The CSP further acts as a 
pivot point for the formation of the corpus callo-
sum by allowing cingulate fibers to cross anteri-
orly and hippocampal commissure fibers to cross 
posteriorly, noting that the corpus callosum tra-
jectory creates the roof the velum interpositum. 
Further development of connecting forebrain 
commissures continues to stretch the fornices 
and leaves of the CSP accordingly [106].

Given this embryologic background and close 
association in the development of important fore-
brain structures and commissures, identifying the 
presence or absence of the CSP is an important 
screening portion of the sonographic fetal anatomic 
survey. If the CSP is absent, fetal MRI can be con-
sidered with its combination of multiplanar 

T2-weighted single shot images and T1 weighted 
gradient images better able to detect for associated 
parenchymal abnormalities. Fetal MRI findings 
made alongside absent CSP alert practitioners to 
the following potential pathologies: (1) Associated 
incomplete separation of the cerebral hemispheres 
suggests holoprosencephaly spectrum; (2) Small 
frontal horns with colpocephaly suggest corpus 
callosal anomalies; (3) Severe ventriculomegaly 
suggests a wide differential ranging from obstruc-
tive hydrocephalus secondary to Aqueductal 
Stenosis, Chiari 2 malformation, Cephalocele, 
injury secondary to hemorrhage with resultant cys-
tic changes and volume loss, or hydranencephaly 
(near-complete absence of hemispheres); and (4) 
Normal frontal horns suggest hypoplastic optic 
nerve syndrome or isolated septal deficiency. These 
respective differentials have either been touched 
upon or will be addressed in upcoming subsections 
(Fig. 3.14) [106].
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Fig. 3.14 31-year-old woman with 22-week gestation 
fetus. Axial T2 images demonstrate absence of the septum 
pellucidum (long arrows) (a, b) with maintenance of the 

interhemispheric fissure (short arrow) (c). Ventriculomeg-
aly in this case is related to congenital aqueductal stenosis 
otherwise not shown on the provided images

 Holoprosencephaly

Holoprosencephaly (HPE) is the most common 
congenital forebrain developmental abnormality 
and stems from abnormal separation of the pros-
encephalon. The prosencephalon consists of the 
cerebral hemispheres (telencephalon), thalamus 
and other deep brain structures, hypothalamus 
(diencephalon), and optic bulb and tracts. This 
embryologic separation—referred to cleavage 
plane formation—occurs at 5–6 weeks gestation 
age. Errors in forebrain cleavage typically occur 
as result of genetic irregularities, including chro-
mosome anomalies (Trisomy 13), syndromic 
single gene mutations (CDON gene → Steinfeld 
syndrome, FDFR1 gene → Hartsfield syndrome, 
CENPF → Stromme syndrome, DHCR7 → Smith- 
Lemli- Opitz syndrome), and non-syndromic sin-
gle gene mutations (SHH  →  6% of all 
nonsyndromic HPE; ZIC2 → 5% of all nonsyn-
dromic HPE; SIX3 →  3% of all nonsyndromic 
HPE; TGIF1 → <1% of all nonsyndromic HPE). 
Errors occurring in early, midway, or delayed 
stages of cleavage plane development result in 
unique neuroanatomic appearances with associ-
ated functional and neurocognitive complica-
tions. The three classic HPE subtypes are as 
follows [107, 108].

• Alobar HPE: There is a single “monoventri-
cle” with no separation of the cerebral 
 hemispheres. This is the most severe form and 

encompasses about 40% of cases. The range 
of findings include cyclopia (single eye or par-
tially divided eye) in single orbit with a pro-
boscis above the eye, cyclopia without 
proboscis, ethmocephaly (significantly closely 
spaced eyes with separate orbits and proboscis 
between eyes), cebocephaly (closely spaced 
eyes with single-nostril nose), closely spaced 
eyes, anophthalmia or microophthalmia, pre-
maxillary agenesis with median cleft lip, 
depressed nasal ridge, and bilateral cleft lip 
(Fig. 3.15) [107, 108].

• Semilobar HPE: The left and right frontal and 
parietal lobes are fused and the interhemi-
spheric fissure is only present posteriorly. This 
is the intermediate in severity form and 
encompasses another 40% of cases. The range 
of findings include closely spaced eyes, 
anophthalmia/microophthalmia, depressed 
nasal ridge, absent nasal septum, flat nasal tip, 
bilateral cleft lip with median process repre-
senting the philtrum-premaxilla anlage, mid-
line cleft (lip and/or palate), and relatively 
normal facial appearance [107, 108].

• Lobar HPE: Most of the right and left cerebral 
hemispheres and lateral ventricles are sepa-
rated. However, the frontal lobes and most 
superior aspect of the telencephalon are fused, 
especially ventrally. This least severe form 
encompasses the remaining 20% of cases. The 
range of findings include bilateral cleft lip 
with median process, closely spaced eyes, 
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Fig. 3.15 21-year-old woman with 19-week gestation. 
Fetal MRI was performed given findings seen on prenatal 
sonography. (a–d) are axial T2 images. (e, f) are coronal 
T2 images. (g) is a sagittal T2 image. There is a 
boomerang- shaped monoventricle (short arrow) with a 
large dorsal cyst occupying two-thirds of the calvaral cav-
ity (curved arrow). The thalami and midbrain are fused 

(long arrow). There is severe hypotelorism with both eyes 
otherwise present (double arrow). There is no sylvian fis-
sure, no corpus callosum and most of the cerebral hemi-
spheres are missing with only the anterior frontal lobes 
identified. This constellation of findings are consistent 
with alobar holoprosencephaly

depressed nasal ridge, and relatively normal 
facial appearance (Fig. 3.16) [107, 108].

Other rarer entities in this HPE spectrum 
include septo-optic dysplasia, middle interhemi-
spheric variant, and microforms of HPE [107, 
108].

Septopreoptic type: Nonseparation is 
restricted to the septal and preoptic regions, 
with remainder of intracranial contents other-
wise within normal limits. This is also referred 
to as septo-optic dysplasia in the literature 
[107, 108].

Middle interhemispheric fusion variant (also 
known as syntelencephaly): The posterior frontal 
and parietal lobes fail to separate. There is vary-
ing lack of separation of the basal ganglia and 
thalami with absence of the body of the corpus 
callosum. However, the genu and splenium of the 
corpus callosum are present. The range of find-

ings includes: closely spaced eyes, depressed 
nasal bridge, narrow nasal bridge, and relatively 
normal facial appearance [107, 108].

Microforms of HPE (also termed “microform 
HPE”) are clinical subtypes of HPE defined by 
the presence of HPE-related craniofacial anoma-
lies without structural brain defects on imaging. 
They may occur in simplex HPE (i.e., a single 
occurrence of HPE in a family) or in relatives of 
probands with classic forms of HPE. Their clini-
cal spectrum includes the following: microceph-
aly, single central maxillary incisor, closely 
spaced eyes, anosmia/hyposmia (resulting from 
absence of olfactory tracts and bulbs), various 
ophthalmologic anomalies including refractive 
errors, ptosis, microcornea, and coloboma, sharp 
and narrow nasal bridge, absent superior labial 
frenulum, midface retrusion, congenital nasal 
pyriform aperture stenosis, and developmental 
delay (variably present) [107, 108].
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Fig. 3.16 33-year-old pregnant woman with 21-week 
gestation. (a–d) are axial T2 images of the brain. (e, f) are 
coronal T2 images of the brain. Although there is no 
cavum septum pellucidum, there is absence of the septum 
pellucidum anteriorly with fusion of the frontal horns of 
the lateral ventricles (long arrow). The septum is other-
wise present posteriorly (short arrow). Remaining fore-
brain structures are within normal limits, noting that there 
is limitation in fine evaluation of the ocular pathways and 

sellar region on fetal MRI alone. Findings were suspected 
to be on the basis of lobar holoprosencephaly. Given lack 
of complete cerebral hemispheric separation, this suggests 
presence of a corpus collosum, noting that it is thinned in 
this case. Also, as the lateral and third ventricles are 
enlarged with an otherwise normal caliber fourth ventri-
cle, a superimposed congenital aqueductal stenosis was 
diagnosed

 Posterior Fossa Anomalies

Dandy-walker malformation, vermian hypopla-
sia/agenesis, and mega cisterna magna are the 
dominant pathologies comprising the otherwise 
heterogonous group of conditions known as pos-
terior fossa anomalies (PFA). These occur in 
every 1 of 5000 live births. Fetal MRI best sepa-
rates between the various PFAs given different 
prognoses for each. MRI also allows for whole 
body evaluation to assess for associated extracra-
nial anomalies, including facial (26%), renal 
(28%), extremity (28%), intraventricular system 
(32%), and cardiac (38%) anomalies [109].

Nevertheless, ultrasound remains the test of 
choice for initial screening of PFAs. Specifically, 

the shape and contour of cerebellar hemispheres, 
vermis, and cisterna magna are carefully evalu-
ated in axial, coronal, and sagittal planes. The 
coronal plane in helpful in differentiating the cer-
ebellar hemispheres and vermis, facilitating the 
diagnosis of vermian hypoplasia/agenesis. The 
median sagittal plan is considered the most 
important plane of evaluation given the ability to 
evaluate the brainstem elements (including pon-
tine diameter), midline vermis (its height, 
anterior- posterior measurements, and presence or 
absence of upward rotation), assess size and con-
tinuity of the fourth ventricle and its fastigium 
(roof of fourth ventricle), the primary fissure of 
the vermis which should be identified in all cases 
after 24  weeks of gestation (the fissure divides 
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vermis into superior and inferior components, 
noting that the size ratio of its superior to inferior 
portions is typically 1:2), cisterna magna shape 
and diameter, and tentorial position (particularly 
useful in cystic malformation evaluation, as will 
be discussed later) [110].

Reference charts exist with regard to size 
ranges of the fetal intracranial contents consid-
ered to be within normal limits. It is important to 
note that slight variability may exist in measure-
ments performed on prenatal ultrasound com-
pared to MRI simply due to variations between 
the technologies and protocols used [111–113]. 
Systematic cerebellar measurements include the 
transcerebellar diameter (measurement of maxi-
mal cerebellum width across both hemispheres) 
and vermis height (measured either in sagittal or 
coronal plane). Vermian hypoplasia is character-
ized by a small vermis with an otherwise intact 
morphology (including preserved 1:2 ratio of 
superior to inferior portions separated by the pri-
mary fissure). Given its small size, there is 
absence or flattening of the fastigium angle and 
communication between the fourth ventricle and 
cisterna magna. Vermian agenesis refers to the 
complete absence of the cerebellar vermis. This 
is seen in Joubert syndrome, an autosomal reces-
sive disorder characterized by abnormal behav-
ior, ataxia, mental retardation, and vermian 
agenesis [110].

The Blake’s pouch cyst is characterized as an 
apparent communication between the cisterna 
magna and fourth ventricle with upward rotation 
of the vermis. In normal development, Blake’s 
pouch (also known as the rudimental fourth ven-
tricular tela choroidea) is a transient structure 
that gradually regresses by the 12th week of ges-
tational development to begin the formation of 
the foramen of Magendie. Some consider this 
cyst the sequalae of delayed fourth ventricle clo-
sure and within normal limits rather than a patho-
logic entity, as, aside from vermian orientation, 
its size and fastigium are within normal limits as 
is tentorial position (Fig. 3.17) [110].

A combination of findings characterize the 
Dandy-Walker malformation. Cystic dilation of 
the fourth ventricle with communication between 
the fourth ventricle and cisterna magna is the 
hallmark finding. What distinguishes this from 
the Blake’s pouch cyst is absence or flattening of 
the fastigium angle alongside upward rotation 
with elevation of the tentorium seen in the setting 
of vermian agenesis or hypoplasia. These are 
typically accompanied by other malformations, 
including the corpus callosum agenesis/dysgene-
sis spectrum and interhemispheric cysts 
(Fig. 3.18) [110].

Mega-cisterna magna describes the condition 
of an enlarged cisterna magna with transverse 
diameter ≥10 mm in the setting of an otherwise 
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Fig. 3.17 (a) 30-year-old woman with 20-week twin ges-
tations. Coronal whole body T2 MRI demonstrates a 
monochorionic monoamniotic twin. In this study, twin A 
is located above twin B. In (b), the posterior fossa of twin 
A is within normal limits, noting normal sized fourth ven-
tricle, cerebellar vermis, and cisterna magna (short arrow). 
In (c), there is a slightly expanded cisterna magna com-

municating with the fourth ventricle without torcula ele-
vation. The cerebellar vermis is intact, as is the fourth 
ventricle fastigium. There is otherwise preserved architec-
ture of the posterior fossa contents. Findings are sugges-
tive of a mega cisterna magna versus small Blake’s pouch 
cyst (long arrow)
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Fig. 3.18 Axial T2 images demonstrate a supratentorial 
compartment within normal limits (a), absence of the cer-
ebellar vermis (b), and expansion of the posterior fossa 
(c). Sagittal T2 images show an absent cerebellar vermis 
with expansion of posterior fossa and tentorial elevation 

(d) and communication between fourth ventricle and cis-
terna magna secondary to vermian absence (e), noting that 
the cerebellar diameter is otherwise within normal limits 
(f). This constellation of findings are in keeping with 
Dandy Walker Malformation

normal posterior fossa anatomic evaluation. 
Specifically, no communication between the 
fourth ventricle and cisterna magna is present 
[110].

Rhombencephalosynapsis is characterized as 
fusion of the bilateral cerebellar hemispheres 
with characteristic triangular shape, noting fusion 
is present given associated vermian hypoplasia/
agenesis. The key finding is identification of cer-
ebellar hemispheric foliations demonstrating 
continuity is the midline without vermian inter-
ruption, best appreciated on the coronal plane of 
imaging (Fig. 3.19) [110].

Once cisterna magna size, fourth ventricle 
caliber, and vermis identification are identified to 
be within normal limits, remaining PFAs pertain 
to varying degrees of cerebellar parenchymal 

abnormalities. Differential considerations include 
cerebellar hypoplasia (smaller than normal cere-
bellum with diameter below tenth percentile for 
gestational age, noting small cerebellar size arti-
ficially can make cisterna magna appear falsely 
enlarged), pontocerebellar hypoplasia (small cer-
ebellum along with flattened/thin pons, Fig. 3.20), 
and unilateral cerebellar lesions (partial or com-
plete destruction of cerebellar components, typi-
cally related to prenatal insults ranging from 
infarction, infection, or hemorrhage) [110].

 TORCH Spectrum of Infections

TORCH is a widely used acronym referring to 
the complex of infectious agents that possess a 
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Fig. 3.20 Pontine hypoplasia (a, c). Cerebellar volume loss with small vermis (b, d). Associated ventriculomegaly. 
Otherwise no elevation of tentorium or torcula. Findings consistent with cerebello-pontine hypoplasia

a b c

Fig. 3.19 Coronal ultrasound (a), axial T2 (b), and sagit-
tal T2 (c) all demonstrate absence of the cerebellar vermis 
with fusion of the bilateral cerebellar hemispheres and 

resultant continuity of the hemispheric white matter tracts. 
Findings are consistent with Rhombencephalosynapsis
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predisposition towards induction of neurodevel-
opmental alterations in intrauterine gestations, 
particularly during the first and second trimesters 
of pregnancy. These agents include toxoplasmo-
sis (TO), rubella (R), cytomegalovirus (C), and 
herpes-simplex 2 (H). Zika is not part of the 
TORCH acronym, yet their presence has also 
been shown to affect neuroanatomic develop-
ment in characteristic ways leading to clinical 
sequelae such as microcephaly, hypertonia, 
hyperreflexia, seizures, arthrogryposis, and 
ventriculomegaly.

The human cytomegalovirus (CMV) is widely 
prevalent throughout the population, with serop-
revalence reported between 40% and 100% of the 
general adult population. Its ubiquity stems from 
its predominance of either mild flu-like symp-
toms to asymptomatic clinical manifestations. If 
acquired during fetal development—referred to 
as congenital CMV—10–20% of exposed infants 
symptomatic at birth demonstrate neurodevelop-
mental deficits and sensorineural hearing loss, 
with long-term sequalae extending well into 
post-natal growth in 40–60% of symptomatic 
survivors. Highly specific fetal MR findings 
include polymicrogyria/spectrum of cortical mal-
formations (blurred gray-white matter junctions 
on T2 weighted imaging) and periventricular cal-
cifications (low T2 and high T1 foci signal with 
periventricular location highly specific for con-
genital CMV, with deep gray and white matter 
involvement next common). The presence of 
periventricular cysts/pseudocysts is also highly 

specific for congenital CMV infection (Fig. 3.21). 
Widespread brain parenchymal findings indicat-
ing CMV infection include scattered white mat-
ter hyperintense signal (with temporal lobe 
involvement connoting worse prognosis), 
 ventriculomegaly, ventriculitis, intraventricular 
septations/adhesions (most commonly in the 
occipital horns), clefts related to schizencephaly 
(true transmantle cleft lined by cortex hypoin-
tense on T2) and potencephaly (encephaloma-
lacic cleft without true cortical lining hyperintense 
on T2), cerebellar hypoplasia/dysplasia (as 
described in prior subsection), hippocampal dys-
plasia (maybe difficult to appreciate on fetal MRI 
given limitations in modality), and lenticulostri-
ate vasculopathy (susceptibility with low T2 sig-
nal in the basal ganglia) [114].

Congenital toxoplasmosis stems from trans-
placental spread of infection by the protozoan 
Toxoplasma gondii. Common sources of infec-
tion include the ingestion or handling of infected 
meat products or exposure to excrements from 
domestic pets, notably cats. Areas of highest 
prevalence include the Latin American countries. 
Although frequency of maternal to fetal spread is 
increased in the third trimester, resultant delays 
in neurodevelopment are more prevalent if trans-
mission occurs during the first two trimesters. 
Diagnosis is made in the prenatal setting via a 
combination of routine screening of pregnant 
patients and ultrasound examination demonstrat-
ing classic findings, with adjunct fetal MRI used 
to primarily corroborate sonographic findings. 

a b c

Fig. 3.21 (a–c) Axial T2 images demonstrate scattered periventricular cysts (arrows) in the setting of congenital 
TORCH exposure
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Infectious deposits with or without cystic forma-
tion are seen as echogenic nodules on ultrasound 
or T2 hypointense foci on MRI in a random dis-
tribution, though trends toward increased identi-
fication in the periventricular gray-white 
junctions and caudothalamic groove are often 
noted. Afflicted pre-natal gestations most com-
monly exhibit varying degrees of encephalomala-
cia and cerebral/cerebellar volume loss with 
associated ventriculomegaly and hydrocephalus. 
Parenchymal chunky calcifications are common, 
specifically in the basal ganglia. White matter 
disease reflecting a combination of edema and 
encephalomalacia are both focal or diffuse 
depending on extent of protozoan deposits and 
extent of spread in the brain [115].

Rubella is member of the togaviridae family 
of viruses known for its highly contagious mech-
anism of spread via either direct or droplet con-
tact with an afflicted patient’s respiratory 
secretions. Following vaccine introduction in 
1971, the virus was eliminated from the USA in 
2000. However, rubella resurgence in the USA 
has once again occurred in the twenty-first cen-
tury due to a combination of viral importation of 
cases from other countries with persistent out-
breaks and vaccine hesitancy with an associated 
rise of occurrence in under-immunized commu-
nities [116]. Postnatal infection—also known as 
German measles—is typically self-limited and 
results in mild symptoms ranging from low-grade 
fever, lymphadenopathy and rash [117]. In con-
trast to its post-natal counterpart, congenital 
rubella transmitted via direct transplacental 
spread results in significant neuroanatomic 
changes. Microcephaly is frequently present. The 
most commonly seen parenchymal findings stem 
from the effects of post-infectious vasculopathy, 
with resultant ischemic changes as severe as 
hydranencephaly—with associated high T2 sig-
nal changes on fetal MRI indicating white matter 
changes—and ventriculomegaly. Cataracts, 
though anecdotally described as congenital, are 
detected more on postnatal rather than prenatal 
imaging given viral dormancy in the vitreous 
chambers well into childhood development. 
Periventricular calcifications can be seen, though 
they are less commonly seen relative to the other 
TORCH infections (Fig. 3.11) [118].

Herpes simplex virus is a member of the 
Herpesviridae family characteristically acquired 
in the population via either sexual transmission 
or direct skin-to-skin contact with genital or anal 
afflicted surfaces. Following primary infection, 
viral loads move to the sensory ganglia and lim-
bic system elements consisting of the amygdala, 
hippocampus, thalamus, hypothalamus, basal 
ganglia, and cingulate gyrus. The virus lays in 
dormant with prolonged periods of latency, reac-
tivating in times of either immunosuppression or 
global systemic disturbances [119]. Two distinct 
viral subtypes exist, type 1 (HSV-1) and type 2 
(HSV-2), with HSV-1 more likely to cause oral 
and labial lesions and HSV-2 more likely to cause 
genital lesions. Neonatal herpes transmission is 
common, estimated in 1 of 3200 deliveries. While 
peripartum transmission encompasses 85% of 
case and postnatal transmission encompasses 
10% of cases, prenatal or in utero transmission of 
HSV is rare, encompassing only 5% of cases 
[120]. The HSV-2 subtype encompasses the 
majority of prenatal herpes cases [121, 122]. 
Given its rarity, patterns of distribution have been 
primarily described in various case reports. Apart 
from the presence of calcifications commonly 
seen in all the TORCH infections, the most fre-
quently reports intracranial manifestations of 
prenatal HSV were volume loss, multifocal 
encephalomalacia, porencephaly, and hydranen-
cephaly appearing related to sequalae of both 
hemorrhagic and non-hemorrhagic infarcts [123, 
124]. Fetal ventriculomegaly related to underly-
ing herpes encephalitis has also been described 
[125].

Neuroimaging manifestations of the Zika 
virus came to light in late 2015 given the dra-
matic rise of its prevalence in South and Central 
America and the Caribbean. In a 2019 prospec-
tive study following 82 pregnant women with 
clinical criteria for probable Zika infection over 
the course of their pregnancy to delivery, the vast 
majority of fetuses (79 of 82, 96%) possessed 
sequentially normal neuroimaging exams, noting 
the absence of prolonged maternal viral load did 
not predict association with normal fetal imag-
ing. However, in the small number of positive 
studies (3 of 82, 4%), findings were severely 
abnormal. Along with migration abnormalities 
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spanning the spectrum of gray matter heteroto-
pias, callosal and cerebellar malformations, and 
ventriculomegaly, resultant microcephaly, brain-
stem dysplasias, and encephaloceles with Chiari 
2 deformity were neuroimaging features strik-
ingly apparent in cases severely affected by the 
disease [126].

 Twin-Twin Transfusion in Relation 
to Neurodevelopment

Monochorionic twin pregnancies are at risk of 
significant neurodevelopmental complications in 
one twin relative to the other. Such risks stem 
from the concept of twin-twin transfusion, the 
phenomena of blood shunting from one twin ges-
tation to the other via arteriovenous communica-
tions in the shared placenta of monochorionic 
gestations that may occur in the second trimester 
of pregnancy.

Such excesses in vascular shunting can lead to 
detrimental states of anemia and growth cessa-
tion in the donor twin. The resultant effects of 
profound anemia manifest intracranially with 
ischemic changes in the white matter surround-
ing the ventricular margins, also known as peri-
ventricular leukomalacia. Deep parenchymal 
structures in fetuses less than 32 weeks of gesta-
tional age are supplied in a peripheral to central 
distribution by choroidal vessels and penetrating 
branches of the middle cerebral artery and poste-
rior communicating vessels. As the periventricu-
lar white matter tracts are deepest and most 
distally supplied in the premature brain, this 
region is most susceptible to the effects of 
hypoxic-ischemic damage, which in this case is 
related to global anemia.

In the larger recipient twin, polycythemia and 
systemic volume over-loaded states are often 
encountered. In addition to the development of 
fetal hydrops, the effects of brain parenchymal 
hemorrhages with resultant volume loss and atro-
phy are often seen as a result of the volume- 
overloaded state, with their mechanism of 
development presumably related to inability to 
maintain fluid balances between the intracellular 
and extracellular compartments. Similar to peri-
ventricular leukomalacia development in the 

donor twin, germinal matrix hemorrhages are 
also frequently encountered in the recipient twin 
given their deep location and susceptible-to- 
insult friability of the germinal matrix in prenatal 
patients. Death can result both the recipient and 
donor twins as a result of these combined effects 
[127, 128].

 Spinal Dysraphisms, Anencephaly, 
and Neurulation

Spinal dysraphisms are a class of disorders char-
acterized by aberrancies and cessations in neural 
tube development that result in the varying 
appearance and location of spinal cord elements. 
They are classified by the location of their under-
lying neural progenitor cells with respect to their 
location in the meninges and osseous boundaries 
of the spinal canal and posterior elements. The 
spectrum of posterior element deficits is referred 
to as spina bifidas. The closed-type of dysra-
phism is characterized by defects in posterior ele-
ment formation (spina bifida spectrum) with the 
neural tube elements otherwise remaining within 
the central confines of the meninges. This leads 
to herniation of neuraxis elements through the 
posterior element defect with preserved subcuta-
neous coverage (with or without an associated 
subcutaneous mass). Meanwhile, the open-type 
of dysraphism is characterized by extension of 
neuraxis elements through similar posterior ele-
ment defects without a preserved subcutaneous 
coverage, resulting in communication of neural 
elements with the external environment. In order 
to understand the development of these patholo-
gies, an embryological discussion is necessary 
[129–131].

Neuraxis development takes place across 
three stages during the early first trimester: gas-
trulation (between second and third weeks of 
gestation), primary Neurulation (between third 
and fourth weeks of gestation), and secondary 
Neurulation (between fifth and sixth weeks of 
gestation). In brief, gastrulation describes the 
conversion of the fertilized epiblast into a trilami-
nar embryo composed of the ectoderm, meso-
derm, and endoderm. The primitive streak is a 
band of thickened progenitor epiblast cells that 
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starts at the caudal aspect of the embryo and 
grows cranially. While the majority of the primi-
tive streak goes on to differentiate further into 
various elements of the body and neural axis 
(including the neural plate and notochord), a 
small cluster of primitive streak cells remain and 
go on to form neurogenic components inferior to 
the S2 during secondary neurulation, as will be 
described shortly. Meanwhile, elements superior 
to the S2 level are formed during continued dif-
ferentiation of primitive streak elements in the 
primary neurulation stage [129–131].

During primary neurulation, the neuraxis 
superior to the S2 level is derived from infolding 
of ectoderm elements and separation of the neu-
ral plate into the cranial placode, neural crest, and 
neural tube (in order of peripheral to central 
extent). The notochord—which is located deep to 
all of these—is derived from midline mesoderm 
and initiates the stages of neurulation via interac-
tion with the overlying ectoderm. The notochord 
eventually regresses to become the nucleus pulp-
osus of the spinal vertebral bodies. The cephalic 
portions of the neural tube becomes the prosen-
cephalon (forebrain), mesencephalon (midbrain) 
and rhombencephalon (hindbrain). The remain-
ing mid to caudal portions of the neural tube 
become the spinal canal (including posterior ele-
ments) and spinal cord. The neural crest cells dif-
ferentiate into the meningeal layers (dura, 
arachnoid, and pia), neural elements of the 
peripheral nervous system, neurons dedicated to 
the enteric system, and other special structures 
ranging from smooth muscles, melanocytes, car-
tilage, and craniofacial bones. The cranial plac-
odes—also referred to as neural placodes in 
embryological literature—are specialized areas 
of thickened epithelium in the cranial ectodermal 
layer that forms all the cranial nerves and other 
neural networks dedicated to the head (such as 
the pituitary and lens of eyes) [129–131].

The elements of the sacral canal formed dur-
ing secondary neurulation are derived from a 
group of tightly packed cells known as the tail 
bud (or caudal cell mass) derived from the caudal 
portion of the primitive streak. These cells cen-
trally burrow and fuse to level of the central canal 
of the primary neural tube, typically at the S2 
level. Through the process of retrogressive dif-

ferentiation, these cells differentiate from a solid 
cord into individual nerve roots of the sacral 
foramina, with the filum terminale representing 
the remainder of the initial sacral cord. Similarly, 
the ventriculus terminalis represent the residual 
central canal of the sacral cord [129–131].

Neural tube defects (NTDs) affect approxi-
mately 1 of every 1000 pregnancies worldwide, 
with prevalence ranging from 0.2 to 10 per 
1000  in certain geographical locations. Along 
with genitourinary defects and congenital heart 
anomalies, NTDs continue to rank the most com-
mon of birth defects. The human neural tube 
begins to close discontinuously at 17–18  days 
post fertilization. The exact sequence of human 
neural tube closure remains controversial to this 
day, with several models postulated. Studies of 
chicken and mouse models have demonstrated 
that cranioraschisis, open spina bifida, and anen-
cephaly result from primary neurulation failure. 
As alluded to earlier, skin-covered spinal dysra-
phisms proximal to S2 result from disjunction 
abnormalities during primary neurulation, 
whereas lesions distal to S2 are caused by sec-
ondary neurulation defects (Fig. 3.22) [132].

Many genes have been identified that play 
critical roles in primary neurulation, rhombo-
mere development, and subsequent cerebellar 
growth. The planar cell polarity pathway is par-
ticularly associated with pathologic cranial neu-
rulation, due to its significant effect on 
cytokinetics and failure to initiate neural tube 
closure. Components in this pathway include cor-
don bleu (cobl), which is involved in midline dif-
ferentiation of the node and its derivatives 
including the notochord, dorsal foregut and part 
of the floor plate of the primary neural tube. It 
also interacts with Vangl2 for midbrain neurula-
tion [133–137].

Activation of certain isoforms of protein 
kinase C (PKC) is required for closure of the neu-
ral tube, and inhibition leads to open neural tube 
defects (NTDs). These NTDs are usually at the 
caudal neural tube as a result of deficient hindgut 
development. Similarly, mutations in the tran-
scription factors Pax-3, Gli3 and Grhl3 work 
through distinct mechanisms to cause NTDs 
along the posterior neuropore. Both excessive 
and inadequate apoptotic cell death can also 
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Fig. 3.22 Vertebrate neural axis and potential spectrum 
of neural tube defects (Telen  =  telencephalon; 
Mesen = mesencephalon). (Photographs of spinal dysra-

phisms courtesy of Dr. Rachana Tyagi, Westchester 
Medical Center, New York, USA)

cause defects in neural development in chick and 
mice models, particularly affecting morphoge-
netic processes. Intact methylation is one of the 
basic processes involved in gene regulation; thus 
folate deficiency is a well-known and studied 
cause of open NTDs, and its replacement and 
supplementation has been shown to reduce the 
incidence of NTDs. Methylation inhibition also 
reduces mesenchymal density, which Dunlevy 
theorized may lead to ethionine-induced exen-
cephaly [138–142].

Although the phrase “neural placode” is used 
both in the above embryological discussion as 
well as throughout the embryological literature to 
describe constituents of the cranial placode and 
its ectodermal source in the stages of primary 
neurulation, physicians often use the phrase 
“neural placode” to describe elements of the 
neuraxis that are exposed in the various spinal 
dysraphisms. While this can be confusing, in 
order to maintain similar consistency with clini-
cal and imaging reporting used by physicians, the 
same phrase of neural placode will be used in a 
similar manner to describe these meningeal- 
covered components of the neuraxis [129, 143].

Anencephaly is characterized as an absence 
of the cerebral and cerebellar hemispheres with 
maintenance of the hindbrain elements. This 
arises from neural tube closure failure during 

the third and fourth weeks of development. 
Many studies have shown this condition to be 
uniformly lethal. In a case series of 26 patients 
with fetuses with anencephaly, 6 of the 26 
women (23%) had pre-labor intrauterine fetal 
deaths, 9 of the 26 (35%) of women had intra-
partum deaths, and the remaining women who 
delivered their fetuses demonstrated a range of 
neonatal survival between 10 min and 8 days of 
antenatal life [144]. Developmentally, following 
disruption of forebrain development, what 
remains are areas of flattened disorganized brain 
tissue admixed with ependymal, choroid plexus, 
and meningothelium. The defect is only covered 
by an angiomatous stroma (referred to as the 
area cerebrovasculosa). This falls within the 
spectrum of other cranial vault entities that may 
be seen on pre-natal imaging, ranging from 
exencephaly, acalvaria, and acrania (Fig. 3.23) 
[145].

All open spinal dysraphisms have an abrupt 
tapering between the transitions of the flanking 
subcutaneous layer with the component of neural 
placode exposed to the outside environment. 
Closed spinal dysraphsisms demonstrate a 
smooth gradual tapering with otherwise pre-
served consistency of the flanking subcutaneous 
layer covering the neural placode extending 
through the defect [143].
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Fig. 3.23 Fetal ultrasound (a) demonstrates an empty 
cranial vault secondary to absence of the cerebral and cer-
ebellar hemispheres (referred to as ‘Area of HD’ in 
image). Findings were consistent with the diagnosis of 
anencephaly. (b) following delivery of the fetus demon-
strates the characteristic appearance of anencephaly, not-
ing the markedly shrunken head and lack of calvarial 

margins due to lack of cerebral and cerebellar develop-
ment. This infant passed away minutes following deliver, 
a common clinical end-result of this entity. (Images are 
courtesy of Dr. Geetha Arjun, E.V.  Kalyani Medical 
Center, Chennai, India, Dr. S. Suresh, Mediscan Centre, 
Chennai, India, and Dr. Subha Sundararajan, Red Bank 
Gastroenterology, Redbank, New Jersey, USA)

Myelomeningoceles and myeloceles are the 
two most common types of open spinal dysra-
phisms, with myelomeningoceles encompassing 
98% of all open spinal dysraphisms. 
Myelomeningoceles and myeloceles both pos-
sess open exposure of intramedullary nerve roots 
and cord elements covered by a bulging menin-
geal sac. What differentiates the two is the level 
of contact with the skin surface. Myeloceles, 
although open, remain flush to the skin surface. 
Myelomeningoceles, on the other hand, protrude 
prominently away from the body cavity and skin 
surface (Fig. 3.24) [129, 143].

The closed spinal dysraphisms are either 
associated or not associated with a subcutane-
ous mass. Those with a subcutaneous mass are 
the meningocele, lipomyelocele, lipomyelo-
meningocele, and terminal myelocystocele 
[129, 143].

Meningoceles are an extension of meninges 
alone without accompanying intramedullary cord 
or nerve roots that extend through a defect in the 
posterior elements (referred to as spina bifida 
occulta given defect focality without any clinical 
symptoms associated with it) [129, 143].

Lipomyeloceles and lipomyelomeningoceles 
are similarly named according to their open spi-
nal dysraphism counterparts with regard to their 
relationship with the skin surface. The exception 
is that rather than being open dysraphisms, there 
is an intervening lipoma separating the neural 
placode from the external environment in each of 
these conditions. Specifically, lipomyeloceles 
possess an intervening lipoma in the location of 
the posterior element deficit, with the neural 
placode-lipoma complex otherwise not extending 
beyond the boundaries of the posterior element 
defect. In contrast, lipomyelomeningoceles also 
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Fig. 3.24 Fetal ultrasound image demonstrating an 
anechoic sac continuing neural elements in contiguity 
with the lower thoracolumbar spine, in keeping with spi-
nal dysraphism of the myelomeningocele type (a). 
Photograph of same fetus in post-natal life (b), demon-
strating presence of the neural placode protruding through 

the patient’s dorsal posterior spinal elemental defect with 
lack of skin covering. (a: ultrasound and b: photograph 
images are courtesy of Dr. Geetha Arjun, E.V.  Kalyani 
Medical Center, Chennai, India, Dr. S. Suresh, Mediscan 
Centre, Chennai, India, and Dr. Subha Sundararajan, Red 
Bank Gastroenterology, Redbank, New Jersey, USA)

possess an intervening lipoma in the location of 
the posterior element deficit, though the complex 
of the neural placode and lipoma extend beyond 
the margins of the defect and protrude into the 
overlying subcutaneous layer. The terminal 
myelocystoceleis is a unique entity characterized 
by terminal cord syrinx formation with resultant 
extension of this syrinx into a meningocele 
meningocele extending through a prominent pos-
terior spinal defect. There are usually associated 
systemic anomalies belonging to the OEIS 
 constellation (Omphalocele, Exstrophy of the 
cloaca, Imperforate anus, and Spinal anomalies) 
[129, 143].

The closed spinal dysraphisms without a sub-
cutaneous mass are the dermal sinus, tight filum 
terminale, fibrolipoma of the filum terminale, and 
intradural lipoma [129, 143].

The dermal sinus is a thin tract lined by epi-
thelial cells communicating between the skin to 
either the neural placode elements or to an over-
lying soft tissue mass such as lipoma or teratoma. 
The tract is dark on T1 weighted imaging, 
although they may be difficult to visualize on 

fetal MRI given their small size (Fig. 3.25) [129, 
143].

A tight filum terminale is characterized as a 
filum with greater than 2 mm thickness in the set-
ting of a low-lying conus medullaris (located 
below the inferior endplate of L2). The constella-
tion of a tight filum terminale, low-lying conus, 
and clinical symptomology of bladder dysfunc-
tion, and pain in the lower back and pain suggests 
tethered cord syndrome. While these can be 
detected on post-natal MRI examinations, assess-
ment on fetal MRI maybe limited due to lack of 
clinical signs and the small size of the filum in the 
prenatal stage [129, 143].

A fibrolipoma of the filum terminale is charac-
terized as a focal fat in the filum of variable size. 
If sizable, this can be detected on fetal MRI as 
bright T1 signal in the caudal aspect of the termi-
nal cord corresponding to the filum location. The 
conus is otherwise normal in position and the 
filum is of normal thickness, unlike the tight 
filum terminale [129, 143].

Intradural lipomas are fat-containing lesions 
along the dorsal midline margin of the spinal 

3 Neuroimaging in the Pregnant Patient



80

a b c

d e f

Fig. 3.25 Fetus with abnormal mound of increased echo-
genicity in the occiput region on ultrasound evaluation (a, 
b, short arrows), without increased color doppler flow to 
suggest this is vascular in etiology (c). MRI was per-
formed, confirming a tract from the occipital scalp to the 
level of the torcula (d–f, short arrows), noting combina-
tion of T1 isointense soft tissue (d, e short arrows) and T2 
bright fluid (f, short arrow) are seen in the cleft. Findings 

are consistent with a dermal sinus tract in the spectrum of 
cephalocele formation given communication with the 
intracranial compartment. No brain parenchyma or 
meninges is seen in this tract to call it an encephalocele or 
meningocele respectively. Note is made of an incidental 
retro-cerebellar arachnoid cyst with mid indentation of the 
cerebellar parenchyma anteriorly (f, long arrow)

canal that remain within the spinal column, 
purely bounded by the meningeal layers of the 
neural placode. As opposed to the other closed 
dysraphisms, defects in the posterior elements 
are not commonly associated with this entity. 
However, even if there is an associated spina 
bifida defect, there is rarely extension of the 
lipoma through the spina bifida defect. They are 
more commonly located in the thoracic spine in 
adults and the cervical spine in children. When 
detected on fetal MRI, a T1 bright lesion con-
tained within the spinal canal and intradural com-
partment are classically seen [129, 143, 146].

 Post-neurulation Errors 
and Cephaloceles

A congenital herniation of intracranial contents 
through skull defects is broadly characterized as 

a cephalocele, with a spectrum of cephaloceles 
possible. A meningocele describes meningeal 
herniation containing only CSF.  A meningoen-
cephalocele describes meningeal herniation con-
taining CSF and brain parenchyma. A gliocele 
describes herniation of a glial-lined cyst filled 
with CSF.  An atretic parietal cephalocele 
describes herniation of meninges and fibrous 
tissue.

Cephaloceles are named according to their 
location of herniation, typically occurring 
through the midline anterior, basal, or posterior 
aspects of the calvarium, with the nasoethmoidal 
subtype being the most commonly encountered 
cephalocele. Rarer cephalocele subtypes include 
herniation of intracranial contents along the lat-
eral calvarial convexities and cephalocele through 
the clivus (Figs. 3.26 and 3.27) [147–149].

Although aberrancies in pathways leading to 
primary and secondary neurulation contribute to 
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Fig. 3.26 Fetal MRI of twin gestation (a) with sagittal 
(b) and axial images (c–f) of fetus in vertex position. Fluid 
in oropharynx originally thought to represent oral secre-
tions (b–d). Left greater than right cerebellar maldevelop-

ment again noted, with prominence of posterior fossa 
thought to represent mega cisterna magna (f). In retro-
spect, there is suggestion of the midline clival defect with 
traversing CSF (b–e)

NTDs, cephalocele formation can occur in the 
post-neurulation stage. Occipital meningoen-
cephaloceles are commonly part of the Meckel- 
Gruber syndrome, a rare ciliopathic genetic 
disorder also characterized by renal cystic dys-
plasia, polydactyly, hepatic developmental 
defects, and pulmonary hypoplasia secondary to 
oligohydramnios. Several genes have been 
described as contributing to this disorder, includ-
ing CEP290, RPGRIP1L, TMEM67, TNEM216, 
and MKS1. Notably, MKS proteins are pivotal in 
the function and structure of primary cilia. Such 
cilia are essential for numerous signaling path-
ways—including downstream hedgehog pro-
teins. However, a specific link between ciliary 
development and cephalocele formation has yet 
to be determined [132, 150].

 Errors in Notochord Induction 
and Formation (Caudal Regression 
Syndrome, Vertebral Anomalies, 
Diastematomyelia, and Neurenteric 
Cysts)

As noted in the spinal dysraphisms section, the 
notochord is derived from midline mesoderm and 
initiates the stages of neurulation via interaction 
with the overlying ectoderm. The notochord 
eventually regresses to become the nucleus pulp-
osus of the spinal vertebral bodies.

Caudal regression is characterized by abnor-
mal development of the caudal aspect of the 
vertebral column and spinal cord. Its incidence 
is approximately 0.1–0.25 cases per 10,000 
normal pregnancies. It is important to note, 
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Fig. 3.27 Post myelography MRI images of the brain 
following delivery, with T1 (a1–a3), T2 (b1, b2), FIESTA 
(c1–c3) and FLAIR (d1, d2) demonstrate left cerebellar 
atrophy, brainstem maldevelopment, midline clival defect, 

and pontine extension through defect. Note myelographic 
contrast extending through the midline defect into the oro-
pharyngeal collection, consistent with meningoencepha-
locele through the clivus

however, that the incidence rises to as high as 
1 in 350 in pregnancy when the mother is dia-
betic, which corresponds to a 200 times 
increased risk. There is a male predominance 
relative to females of 2.7–1. There are signifi-
cant neurological deficits  stemming from bowel 
and bladder functional abnormalities to severe 

sensory and motor deficits of the lower extremi-
ties. Although the majority of cases are spo-
radic, maternal hyperglycemia is the most 
commonly associated risk factor, occurring in 
up to 1% of all pregnancies with maternal dia-
betes. Twenty-two percent of caudal regression 
cases are associated with Type 1 or 2 maternal 
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diabetes. Prenatal ultrasound and fetal MRI are 
both useful in assessing for its presence and are 
characterized by abrupt termination in visual-
ization of lumbar elements.

On imaging, the level of atresia or dysgenesis 
is typically below the L1 level and limited to the 
sacrum. There is blunt termination of the spinal 
cord with accompanying marked narrowing of 
the spinal above the last intact vertebral level. 
VACTERL is a congenital malformation syn-
drome that occurs in 1  in 10,000–40,000 live 
births, and is associated with caudal regression 
(falling under the Vertebral anomalies and Atresia 
portions of the acronym). The remaining entities 
of VACTERL include Cardiac anomalies, 
Traceho-esophageal fistula, Renal anomalies, and 
Limb abnormalities. Caudal regression is also 
associated with the Currarino Triad, an autoso-
mal condition composed of sacral agenesis, ano-
rectal malformation, and presacral mass (such as 
teratoma, anterior meningocele, or enteric cyst) 
[151–154].

Fetal vertebrae develop between the sixth and 
eighth weeks of gestational age, during which 
lateral chondrification centers join to form the 
primary ossification center of the vertebral body. 
Disruptions in this process may lead to either 
failures of vertebral formation (portions of verte-
brae fail to form with incomplete presence of 
osseous elements) or failures in segmentation 
(failure of intervertebral disc formation leading 
to alterations in vertebral numbering, scoliosis, 
and varying degrees of fusion). The mechanism 
for their occurrence is unknown, though vascular 
supply disruptions during vertebra and disc for-
mation have been postulated. Errors in vertebral 
formation and segmentation often occur in mul-
tiple locations and can be associated with addi-
tional anomalies of the pulmonary, cardiac, 
gastrointestinal, and genitourinary system. 
Sonography can detect errors in vertebra num-
bering and appearance (including hemivertebrae 
and wedge vertebrae) as early as the 12th week of 
gestational age. Assessing architectural osseous 
details of the spine may be less apparent on fetal 
MRI. However, resultant kyphoscoliosis of spinal 
alignment can be readily detected, allowing one 
to carefully inspect around the level of scoliosis 

for associated vertebral and segmentation mal-
formations [155].

Separate from the neural tube, notochord, and 
notochordal canal is a persistent neurenteric 
canal. Persistence of the neurenteric canal during 
the third week of embryogenesis prevents com-
plete separation of the endoderm and notochord. 
This can lead to either a neurenteric cyst with 
endodermal tissue present in an extra-axial loca-
tion or a split cord malformation known as dia-
stematomyelia if the midline cleft persists 
through neurulation [32].

Neurenteric cysts are rare type of foregut 
duplication cyst that is endodermal in origin. 
They can be found either within the intracranial 
or spinal compartments. In the spine, they are 
most commonly seen ventrally in the thoracic 
spine and are typically intradural extramedullary 
in location. Histopathologically, they can be cat-
egorized into Types A, B, and C cysts based on 
the classification schema formulated by Wilkins 
and Odom [156]. Type A cysts possess either 
columnar or cuboidal cells, with ciliated and non-
ciliated components sitting atop a basal mem-
brane composed of type IV collagen. Type B 
cysts include all of the features of type A along 
with additional tissue such as bone, cartilage, 
lymphatic tissue, fat, or glandular components. 
Type C cysts possess the features of type A as 
well as ependymal or glial tissue. Although this 
classification scheme has been used to categorize 
histological subtypes, there is no correlation 
between cyst subtype and the site, extent, or out-
come after cyst resection. Cysts are typically 
isointense on T1 and hyperintense on T2, though 
signal properties are variable depending on the 
amount of proteinaceous or alternate complex 
material composition. Depending on their size, 
they can result in significant mass effect with flat-
tening of underlying brain parenchyma if intra-
cranial or in the spinal cord if intraspinal. A close 
inspection for associated spinal anomalies is war-
ranted following neurenteric cyst detection, as up 
to 50% of cases are seen alongside a spinal dys-
raphism, scoliosis, spina bifida, split cord malfor-
mation, and/or Klippel-Feil syndrome [157, 158].

Diastematomyelia is a specific type of split 
cord malformation that typically occurs between 
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the T9 to S1 levels, with each hemicord possess-
ing their own ventral and doseal cord horns and 
central canals. They are classified according to 
the presence of absence of a splitting fibrous or 
bony spur and whether or not there is duplication 
of the encompassing thecal sac. Type 1 malfor-
mations possess a duplicated thecal sac, possess a 
midline spur, and are usually more symptomatic 
in postnatal life. Type 2 malformations possess a 
single thecal sac, contain both hemicords, and are 
usually less symptomatic in postnatal life [159].

 Chiari Spectrum of Deformities

Chiari deformities—also referred to as Arnold- 
Chiari malformations—are a spectrum of disor-
ders affecting the posterior fossa and hindbrain 
contents, notably the medulla oblongata, pons, 
and cerebellum. The deformity spectrum ranges 
from cerebellar tonsillar descent, full herniation, 
or cerebellar absence associated with either intra-
cranial or extracranial deficits such as spinal dys-
raphisms, encephaloceles, syrinx formation, or 
hydrocephalus. The assessment of cerebellar ton-
sil position either above or below the foramen 
magnum is best appreciated on the sagittal plane, 
though the coronal and axial planes of imaging 
can be used to detect tonsil position as well. Its 
location is conventionally described in reference 
to the McRae Line, a line drawn from the basion 
to the opisthion. Such morphologic changes and 
anatomic defects of these structures are often 
diagnosed with imaging, noting that prenatal 
imaging via ultrasound and MRI continue to play 
a role in the earlier detection of these conditions 
[160].

The Chiari 1 deformity is least severe most 
commonly encountered entity in the spectrum. 
There is a slight female predominance (1.3 
females to 1 male) with 0.5%–3.5% of the gen-
eral population possessing this deformity. Chiari 
1 is characterized by either a single or bilateral 
cerebellar tonsils demonstrating a pointed 
 (non- rounded) configuration projecting ≥5  mm 
below the foramen magnum. This can lead to an 
outflow obstruction of CSF from the foramen 
magnum due to impairment of drainage from the 

fourth ventricle’s foramina of Magendie and 
Luschka. The resultant outflow obstruction in 
turn may result in syringomyelia (also known as 
syringobulbia) development in the brainstem and 
spinal cord. Syrongomyelia is recognized by the 
presence of a midline fluid-filled cavity (known 
as syrinx) [160].

The origin of this syrinx arises from post- 
obstructive enlargement of the central canal, an 
embryologic channel extending from the caudal 
angle of the fourth ventricle to the conus medul-
laris of the terminal thoracolumbar cord. The 
central canal is derived from neural canal of the 
neural tube during neurulation in the fourth week 
of gestational development. Following central 
infolding with closure of its rostral and caudal 
openings, the remaining patent neural canal con-
tinues to form the intraventricular system while 
its closed portions caudal to the fourth ventricle 
become lined with a single layer of columnar 
ependymal cells that usually remain regressed 
during the remainder of prenatal and postnatal 
life [161]. Mild prominence of the central canal 
to less than 5 mm is considered normal variation 
related to incomplete closure during develop-
ment. The combination of cavity dilation greater 
than 5 mm and spread of extent either in a con-
tinuous manner or skipped manner has a high 
specificity of identifying pathologic syrinx for-
mation in the setting of Chiari 1 [162].

Prenatal diagnosis of Chiari 1 is extremely 
rare in the literature, with diagnosis in postnatal 
life, childhood, and young adulthood being much 
more common. This is likely related to disease 
manifestation being a factor of future growth and 
development. That is, the prenatal intracranial 
fetal vault still possesses ample room for CSF 
drainage despite a potential future tendency for 
tonsillar descent below the foramen magnum. 
Mild nonspecific ventriculomegaly with other-
wise normal posterior fossa configuration and 
cord evaluation can be seen in fetuses that even-
tually develop the Chiari 1 deformity in postnatal 
life [163].

Chiari 2 is characterized by more striking neu-
roanatomic alterations compared to its Chiari 1 
counterpart. Approximately 0.44 of every 1000 
births possess the Chiari 2 spectrum of findings. 
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Unlike Chiari 1, its incidence is without gender 
predominance and is lowered with folate replace-
ment therapy taken by the pregnant patient. 
Chiari 2 is characterized by whole brainstem and 
cerebellar inferior herniation that occurs as a 
result of the negative pressure effects of a spinal 
dysraphism, with most commonly encountered 
spinal dysraphism in the Chiari 2 deformity being 
the open-type myelomeningocele. The character-
istic imaging findings all stem from this common 
pathway of inferior descent of posterior fossa 
structures. These include: (1) small size of poste-
rior fossa with low-lying torcula and tentorial 

attachment points; (2) elongated low-lying fourth 
ventricle and “pulled-down” appearance of brain-
stem; (3) “tectal beaking” appearance of inferior 
colliculi elongation with posterior tilt as a result 
of brainstem herniation; (4) hydrocephalus sec-
ondary to brainstem herniation-mediated angula-
tion of the aqueduct of Sylvius and resultant 
aqueductal stenosis; and (5) whole cerebellar dis-
placement below the foramen magnum—includ-
ing tonsils and vermis. Chiari 2 can be seen 
alongside other malformations of parenchymal 
formation, including the dysgenesis of corpus 
collosum spectrum (Fig. 3.28) [160, 163].

a b c
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Fig. 3.28 Axial (a–c) and sagittal (d–f) T2 weighted 
images from fetal MRI examination in a pregnant patient 
with abnormal prenatal ultrasound examination. There is 
inferior herniation of hindbrain contents with marked 
reduction in space about the foramen magnum and poste-
rior fossa (short arrows in a, d, and e). There is fetal ven-
triculomegaly related to marked narrowing of the fourth 
ventricle and posterior fossa CSF outflow tracts as a result 

of hindbrain herniation (curved arrows in b and e). There 
is an open spinal dysraphism, specifically the myelome-
ningocele in the lumbosacral spine, noting the broad lack 
of posterior elements and external extension of the neural 
placode without skin covering into the amniotic cavity 
(long arrows in c, e, and f). Findings are consistent with 
the Chiari 2 deformity and associated myelomeingocele
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 Congenital Vascular Anomalies

The vascular anomalies spectrum is broad with 
the potential for each anomaly to affect anywhere 
in the human body. The International Society for 
the Study of Vascular Anomalies (ISSVA) has 
categorized its various constituents into specifi-
cally defined vascular malformations and vascu-
lar tumors [164]. This section will review 
congenital vascular anomalies affecting the neur-
axis of an intrauterine gestation that can be 
detected on either prenatal ultrasound or fetal 
MRI examination.

Congenital hemangiomas are fully formed 
tumors present at the time of birth with nearly no 
growth after their birth. They are negative for the 
GLUT1 receptor staining, a key biochemical dis-
tinguishing factor when compared to its counter-
part infantile hemangioma. There two types of 
congenital hemangiomas, the Rapidly Involuting 
Congenital Hemangioma (RICH) and the Non 
Involuting Congenital Hemangioma (NICH). 
Both RICH and NICH can appear similar macro-
scopically, as both are violaceous gray vascular 
tumors with prominent overlying veins and telan-
giectasias extending beyond their periphery. 
Imaging features are also identical on prenatal 
imaging, with prominent vascularity with 
Doppler evaluation during ultrasound examina-
tion and mixtures of both high T1 and low T2 
signal related to a combination of blood products, 
mineralization, and vascular flow voids. The abil-
ity to distinguish a RICH from a NICH is a retro-
spective one. RICH tumors involute by 12 months 
of age, though their resultant skin changes may 
require future interventions. NICH tumors only 
partially involute hence requiring surgery for 
both aesthetic purposes and to improve resultant 
functional impairments [165–167].

Kaposiform hemangioendothelioma (KHE) is 
a rare aggressive vascular tumor which is typi-
cally present at the time of birth. Its cells form 
slit-like lumens containing erythrocytes that 
resemble Kaposi’s sarcoma. Distinguishing fea-
tures of this mass compared to a congenital hem-
angioma include identification of its destructive 
and infiltrative growth pattern and the presence of 
multiple arterial feeders. On prenatal sonogra-

phy, the mass is solid with ill-defined borders, 
variable echogenicity, and prominent Doppler 
flow. Its infiltrative and destructive features are 
best appreciated on MRI, noting transpatial 
spread across skin, subcutaneous fat, muscle, and 
even bone. Urgent management via combination 
of surgical resection, chemotherapy, and/or 
endovascular- mediated embolization is war-
ranted given the tendency of these tumors to 
sequester red blood cells and platelets with resul-
tant thrombocytopenia and anemia. This patho-
logic process of a consumptive coagulopathy in 
combination with such a vascular tumor is 
referred to as the Kasabach-Merritt phenomenon 
[165–167].

Syndromes with predisposition for develop-
ment of infantile hemangiomas include PHACES 
(Posterior fossa brain malformations, 
Hemangiomas, Arterial anomalies, Coarctation 
of the aorta and Cardiac defects, Eye abnormali-
ties, Sternal defects) and LUMBAR (Lower body 
segmental hemangioma, Urogenital anomalies 
and Ulceration, Myelopathy, Bony abnormalities, 
Anorectal and/or Arterial anomalies, Renal anom-
alies). Although these hemangiomas are not con-
genital and therefore unlikely to be present on 
prenatal imaging, awareness of their association 
with additional malformations more notable on 
screening ultrasound and fetal MRI is important 
and aides in the appropriate recommendation of 
post-natal imaging followup [165–167].

Vascular malformations are congenital vascu-
lar maldevelopments present prenatally and since 
birth. These are lined with mature, mitotically 
quiet cells, unlike the congenital vascular tumors 
mentioned previously. This results in a slow, pro-
portional growth to the patient, noting sudden 
alterations in size maybe attributable to hormonal 
and hemodynamically driven changes. These 
lesions do not spontaneously regress over the 
course of life. Despite their presence since birth, 
VMs can remain dormant for an indefinite period 
of time, with variable presentation in prenatal 
and postnatal life. Recognizing their primary ves-
sel constituent and speed of flow allows for an 
appropriate classification of the malformation 
type as recommended by the ISSVA guidelines. 
Slow flow malformations consist of venous mal-
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formations, lymphatic malformations, and capil-
lary malformations. Fast flow malformations 
consist primarily of arteriovenous malforma-
tions. Complex malformations with mixed slow 
and fast features include venolymphatic malfor-
mations and cavernous-arteriovenous malforma-
tions [165–167].

Venous malformations (VM) are the most 
common type of vascular malformation. 
However, their detection on prenatal imaging is 
rare unless located in functionally important 
regions or of sufficient size for detection on ini-
tial evaluation. As these lesions are more com-
mon in the mid-late postnatal childhood 
presentation, their features of being compress-
ible, blue, and soft alongside enlargement with 
gravity and Valsalva are not helpful in prenatal 
detection. Large-enough hemangiomas may be 
present in the developing vertebral bodies of the 
spine on fetal MRI, noting that these are actually 
venous malformations with GLUT1 receptor 
positivity. If large enough and present in the soft 
tissues of the head, neck or spine, they can infil-
trate multiple tissue planes and extend within 
muscle groups alongside nerves, major arteries, 
or major veins. They are categorized according to 
the Puig system, which organizes VMs by the 
presence or absence of draining veins. Type 1 
VMs are isolated vascular pouches without sys-
temic venous drainage, type 2 VMs drain into 
normal caliber veins, type 3 VMs drain into 
abnormal caliber dysplastic veins, and type 4 VM 
lesions themselves possess significant venous 
ectasia and drain into abnormal caliber dysplastic 
veins. Although these lesions are somewhat dif-
ficult to evaluate on prenatal sonography, they 
would appear as tubular hypoechoic structures 
with low Doppler velocity. MRI allows for full 
depth evaluation of VMs if apparent enough at 
this young age, and would be characterized by T2 
bright T1 intermediate to bright serpiginous 
structures with fat and muscle identification 
between their channels (due to their infiltrative 
nature). While phleboliths (calcifications) are a 
common feature of VMs in the postnatal state—
seen as T2 dark foci—their appearance on fetal 
MRI is less likely given patient young age and 
limited time for development [165–167].

Previously known as cystic hygromas or 
lymphangiomas, lymphatic malformations (LMs) 
are the most common prenatally diagnosed vas-
cular malformation. They are broad, low-flow 
lesions with characteristic transspatial spread, 
insinuating through subcutaneous, fascial, and 
intramuscular planes with ease. These malforma-
tions represent dilated cystic spaces filled with 
chylous lymphatic material. They can grow to 
considerable sizes, with a combination of their 
size and local-regional mass effect capable of 
disrupting physiologic function and affecting 
proportional growth depending on their location. 
Seventy-five percent of LMs are located in the 
head and neck regions (most frequently in the 
nuchal region) and 20% of LMs are found in the 
axilla with spread to the chest or lower neck. The 
remaining 5% are found systemically in the body 
[168]. LMs can be characterized as macrocystic, 
microcystic, or mixed, noting these subgroups 
sometimes share overlapping imaging features. 
On prenatal ultrasound, these lesions are largely 
anechoic or hypoechoic with layering echo-
genicities related to fluid-fluid lymphatic levels. 
As they are known for their lack of Doppler flow, 
if minimal flow is identified, it is related to small 
traversing arteries or veins interspersed through 
the malformation. On fetal MR, they are typically 
bright on T2 weight imaging and variable on T1 
(dark if purely lymphatic fluid versus isointense 
to bright on T1 weighted imaging if mixed fat or 
blood containing, Fig. 3.29) [165–167].

Capillary malformations are essentially never 
detected on prenatal imaging given their superfi-
cial location and the ability to diagnose them 
clinically usually following direct visual inspec-
tion. They are classically red-pink flame shaped 
areas that darken with age, hence earning the 
names of “nevus flammeus” and “port-wine 
stains,” respectively. Although bony overgrowth 
does occur alongside proportional capillary mal-
formation growth, this is not commonly seen in 
the prenatal setting [165–167].

If capillary malformations are distributed in 
the fifth cranial nerve distribution however, eval-
uation for Sturge-Weber is indicated. The intra-
cranial sequalae of Sturge-Weber are more 
readily identified on prenatal imaging compared 
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Fig. 3.29 31-year-old woman with 40-week gestation, 
found to have an abnormal cystic-appearing structure in 
the right neck soft tissues on pre-natal ultrasound. Axial 
(a), coronal (b), and sagittal (c) plane T2 weighted fetal 
MRI images demonstrate a broad-cystic structure in the 

right neck soft tissue with areas of infolding and septation 
extending from the suboccipital level to the supraclavicu-
lar fossa. Findings are consistent with a trans-spatial 
broad congenital lymphatic malformation

to the detection of capillary malformations. 
Sturge-Weber syndrome is caused by somatic 
mutation in the GNAQ gene that is involved in 
the regulatory development of blood vessels. 
This leads to the dysplasia of leptomeningeal 
vasculature with progressive cerebral damage, 
subsequent atrophy, and underlying encephalo-
malacia. Scattered cortical and subcortical calci-
fications are seen as echogenic foci on ultrasound 
and dark signal foci on T2 weighted imaging in 
fetal MRI. Depending on the gestational age of 
onset, the degree of resultant cortical atrophy is 
highly variable. The syndrome is also associated 
with polymicrogyria and similar gray-matter het-
erotopias. While continuous “tram-track” corti-
cal and subcortical calcifications are classically 
associated with this entity, this extent of calcifi-
cations is usually seen in postnatal fetal imaging 
given the time to develop [169, 170].

Arteriovenous malformations (AVM) are fast- 
flow lesions with dominant arterial to venous 
communications intertwined by a nidus of abnor-
mal interweaving vessels comprised of dysplastic 
arterioles and venules. They are characterized by 
their lack of a capillary transition. If large enough, 
they can be detected on prenatal sonographic or 
fetal ultrasound imaging. These lesions com-
monly tend to present later in postnatal life dur-
ing periods of rapid growth or healing, including 
early childhood, puberty, pregnancy, trauma, and 

surgery. Presentation characteristics for intracra-
nial AVMS reported in the literature are more 
reflective of the postnatal patient, as that their 
incidence in prenatal imaging is either com-
pletely incidental or detected/evaluated for in the 
setting of a known syndrome with predisposition 
to formation of AVMs. Parkes Weber syndrome—
also known as capillary malformation- 
arteriovenous malformation syndrome—is 
characterized by multiple small capillary malfor-
mations either in the face and limbs, noting that 
there are also associated AVMs in varying body 
parts including the brain and spine. Other AVM 
syndromes include Osler-Weber-Rendu and 
Bannayan-Riley-Ruvalcaba [169, 170].

Several findings regarding AVM characteriza-
tion and subsequent prognosis are difficult to 
ascertain from prenatal imaging given both the 
field of view and difficulty in assessing for flow- 
related aneurysms, number of arterial feeders, 
nidus relative to passage vessels, or number and 
exact localization of draining veins.

Vein of Galen pathologies are a unique type of 
congenital vascular anomaly in the prenatal 
patient and can be characterized as either Vein of 
Galen varix formation, Vein of Galen aneurysmal 
dilation (VGAD), or Vein of Galen malforma-
tions (VGAM) [171, 172].

Dilations of the vein of Galen without the 
presence of an underlying intracranial arteriove-
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nous shunt are referred to as varices. A transient 
type of varix formation may exist in the setting of 
cardiac failure of nonspecific etiology or alter-
nate fluid-overloaded state with corresponding 
venous congestion. A non-transient varix of the 
vein of Galen can persist if there is a tendency for 
central drainage through the deep venous system 
as opposed to peripheral drainage via the venous 
sinuses. The term VGAD, in contrast, is used to 
describe dilation of a fully formed vein of Galen 
in the setting of an intracranial high-flow arterio-
venous shunt or AVM.  Given association with 
intracranial AVM, these are persistent regardless 
of alternate systemic conditions seen in associa-
tion with typical findings of an AVM on prenatal 
imaging [171, 172].

Vein of Galen aneurysmal malformations 
(VGAM) are rare congenital abnormalities seen 
in 1:25,000 births. Although they only comprise 
1% of all intracranial vascular anomalies encoun-
tered in postnatal life, they encompass 30% of all 
intracranial vascular anomalies in the pediatric 
population [173]. The Vein of Galen originates 
from the posterior aspect of the median prosence-
phalic vein of Markowski during embryological 
development noting the internal cerebral veins 
arise from the anterior median prosencephalic 
vein. Incomplete development of the vein of 
Galen due to a combination of aberrancies in 
angiogenesis and arteriovenous communication 

results in this characteristic venous aneurysm. 
Remaining venous drainage is variable, with the 
straight sinus absent in virtually all cases and 
small falcine dural channels draining the large 
venous aneurysm into the posterior superior sag-
ittal sinus (Fig. 3.30) [171, 172].

The arteriovenous fistulous communications 
of VGAM arise within the choroidal fissure and 
extend superiorly from the interventricular fora-
men to the atria laterally. Their arterial inflow is 
supplied by choroidal arteries arising from the 
anterior cerebral artery A1 segment, the subepen-
dymal network of vessels arising from the dorsal 
circle of Willis elements, and the persistent lim-
bic arterial arch bridging the anterior choroidal 
artery and posterior cerebral artery. Nidus loca-
tion is midline, with all arterial branches either 
merging into the large dilated median prosence-
phalic venous pouch (poor patient prognosis, 
high flow related cardiac failure in prenatal or 
early postnatal life) or draining into separate 
ectatic venous pouches along the lining of the 
median prosencephalic vein (relatively better 
patient prognosis, less rapid development of high 
output cardiac failure, patients grow into early 
childhood before presentation). VGAMs are not 
directly supplied by paramedian arterial branches 
of the posterior cerebral artery P1 segment (also 
known as mesencephalic arteries), noting that 
visualization of these transmesencephalic arterial 
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Fig. 3.30 Axial T2 (a–d), coronal T2 (e–g), and sagittal 
T2 (h) fetal MRI images demonstrate the presence of a 
Vein of Galen malformation. There is a dilated persistent 
median prosencephalic vein (double arrows in b and h) 
with arterial feeders primarily originating from the bilat-

eral choroidal arteries (short arrow in a), to a lesser extent 
posterior cerebral arteries. There is associated enlarge-
ment of the torcula (star) and bilateral transverse sinuses 
(curved arrows). Constellation of findings are consistent 
with Vein of Galen Malformation
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branches as primary feeders rule out VGAM and 
favor VGAD presence. On fetal MRI, aneurys-
mal dilation of the median prosencephalic vein, 
compensatory enlargement of the transverse and 
sigmoid sinuses, and enlargement of the limbic 
arch and bilateral anterior and posterior choroidal 
arteries would be seen as correlating regions of 
prominent T2 hypointense flow voids [171, 172].

 Craniofacial Malformations

Craniofacial development occurs as a result of 
orderly and rapid growth of mesodermal and cra-
nial neural crest cells. The first and second bran-
chial arches are formed from these cell types, 
with errors in their development resulting in vari-
ous craniofacial malformations. The term chei-
loschisis is used to specify the presence of clef lip 
alone. Palatoschisis is the term used to specify 
the presence of cleft lip and cleft palate [174]. 
Malformation type can be categorized by 
Tessier’s classification, a numerical classification 
system that specifies craniofacial anatomic loca-
tions as 0–14 while relying on the orbit as a fixed 
reference point. These 15 subtypes fall under 
broader categories of midline clefts (vertical 
across face through midline), paramedian clefts 
(vertical across face away from midline), orbital 
clefts (any involvement of orbit), and lateral 
clefts (horizontal across face) [175]. The Van de 
Meulen classification schema may also be imple-
mented in assessing craniofacial malformation 
type. This schema categorizes malformations 
according to the stage in embryogenesis within 
which disruption and subsequent cleft formation 
occurs. They are broadly categorized according 
to location of developmental arrest in the interna-
sal, nasal, nasalmaxillary, and maxillary regions 
[176]. Micrognathia is the term used to describe 
an undersized mandible, with the lower jaw being 
shorter or smaller relative to the remaining face. 
The Jaw Index provides a normal range of man-
dibular diameters based on gestational age and 
biparietal diameter, and can be used to support 
the diagnosis of micrognathia [177].

Fetal MRI is highly accurate in the detection 
of craniofacial malformations, regardless of fetal 

age before or after 24  weeks gestation. 
Micrognathia (size discrepancy of lower mandi-
ble relative to remainder of facial elements) can 
be assessed for well on the sagittal plane of imag-
ing. The axial plane of imaging is useful in detec-
tion of cleft lip (with T2 weighted images 
showing T2 bright fluid signal separating cleft 
elements) and the sagittal and coronal planes are 
useful in detection of cleft palate (loss of T2 
hypointense soft palate continuity and premaxil-
lary protrusion presence) [178]. Specifically, the 
premaxillary protrusion is a characteristic finding 
of cleft palate that ventrally extends between the 
cleft palate elements. This is echogenic on sonog-
raphy and isointense on T2-weighted imaging of 
fetal MRI. The presence of this protrusion is due 
to uninhibited growth of premaxilla alveolar and 
gingival given the lack of bony, gingival, and lip 
boundaries (Fig. 3.31) [179, 180].

Encephaloceles can occur in the setting of 
cleft lip and palate deformities. Some form as a 
result of direct lack of cranial vault congruity 
with the cleft defect itself (such as frontoeth-
moidal or sphenoethmoidal encephalocele devel-
opment in the setting of midline facial clefts) 
[181, 182]. Others form in the setting of cleft 
deformity presence alongside other remote mal-
formations (such as occipital encephalocele for-
mation in the setting of separate cleft lip and 
palate) [183]. Their presence alongside cleft 
deformities can be initially detected on sonogra-
phy, with subsequent confirmation readily 
achieved on fetal MRI [184].

 Congenital Intracranial Tumors

Intracranial congenital tumors can be divided 
into teratomas and nonteratomas. Teratomas are 
tumors characterized by their presence of ele-
ments of all three germ layers and immature neu-
ronal and glial cells. They are the most common 
brain tumor detected on pre-natal imaging, 
encompassing 62% of all congenital intracranial 
tumors. Diagnosis is typically made during the 
second and third trimesters of pregnancy, with 
first trimester diagnoses being extremely rare. 
Aside from size variability, imaging features are 
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Fig. 3.31 Images demonstrating bilateral cleft lip and 
palate. Sagittal T2 image (a) demonstrates ventral exten-
sion of the premaxillary protrusion between the cleft pal-
ate elements (curved arrow). Axial T2 image (b) 
demonstrates presence of cleft lip (short arrow). Coronal 
T2 image demonstrates absence of the hypointense band 
of signal intensity corresponding to the hard palate (long 

arrow in c1). The long arrow in c2 points to the normal 
hypointense palate in a separate patient for comparison. 
(d) a separate post-natal infant with bilateral cleft lip and 
palate. (d is courtesy of Dr. Geetha Arjun, E.V. Kalyani 
Medical Center, Chennai, India, Dr. S. Suresh, Mediscan 
Centre, Chennai, India, and Dr. Subha Sundararajan, Red 
Bank Gastroenterology, Redbank, New Jersey, USA)

heterogeneous with varying levels of vascularity 
owing to the amount and distribution of respec-
tive cellular layer elements. Given their rapid 
growth, associated cranial and systemic findings 
include macrocrania, secondary obstructive 
hydrocephalus, hemorrhage in setting of tumor, 
and various fluid-overladed states ranging from 
polyhydramnios and hydrops to high output car-
diac failure [185].

The nonteratomas are less common, and 
include various neuroepithelial tumors (choroid 
plexus papilloma, medulloblastoma, astrocy-
toma), mesenchymal tumors types (such as cra-

niopharyngioma), or alternate cell types such as 
lipomas of the corpus collosum or tuberous scle-
rosis related tubers alongside non-neural axis 
tumors (like cardiac rhabdomyoma) [185].

Choroid plexus papillomas (CPP) are benign 
tumors composed of epithelial cells lining the 
ventricular choroid plexus. They correspond to 
0.4–0.6% of all intracranial pre-natal tumor and 
are most often detected in the third trimester. 
CPPs can develop in the lateral ventricles, third 
ventricle, and/or fourth ventricle. Their combina-
tion of CSF production and obstructive locations 
lead to unilateral or bilateral ventriculomegaly. 
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On ultrasound, they are significantly echogenic, 
confounding their appearance with that of simi-
larly appearing intraventricular hemorrhage on 
grey scale sonography. The use of Color Doppler 
would reveal increased vascularity within the 
echogenic mass, aiding in its distinction from 
intraventricular hemorrhage. Fetal MRI demon-
strates an intraventricular mass of variable signal 
intensity within the ventricular system and asso-
ciated hydrocephalus [185].

Craniopharyngiomas are benign extra-axial 
intracranial tumors encompassing 2%–5% of all 
congenital CNS neoplasms. They arise from 
squamous cells of the Rathke’s pouch, an 
 ectodermal diverticulum arising from the supe-
rior lining of the oropharynx. They are most often 
detected in the suprasellar location. Despite 
benign history, extra-axial neoplastic expansion 
leads to parenchymal destruction and associated 
hydrocephalus. These masses are difficult to dis-
tinguish from teratomas or other tumors such as 
astrocytomas and hamartomas. However, fetal 
MRI may better characterize lesion location and 
subsequently tailor the differential diagnosis 
accordingly [185].

 Sacrococcygeal Teratomas 
and Mimics

Sacrococcygeal teratomas (SCT) are the most 
common fetal neoplasm with an incidence of 1 in 
every 35,000–40,000 live births. They are more 
common in female gestations and arise within the 
sacrococcygeal region from the primitive node 
(referred to as ‘Henson’s node’ in original chick 
embryo literature). Some of these pluripotent 
stem just caudal to the coccyx escape inductive 
stimulation and instead grow uncontrollably into 
masses of nonspecific cell types of varying size. 
Fetal morbidity and mortality arises from altera-
tions in fetal position and size [186].

SCTs can be classified based on location and 
imaging appearance. As established by the 
American Academy of Pediatrics Surgery Section 
(AAPSS), Type 1 SCTs develop strictly outside 
of the fetus and comprise approximately 47% of 
all teratomas making them the most prevalent 

overall. Type II SCTs have extra-fetal compo-
nents with intra-pelvic pre-sacral extension 
whereas Type III SCTs are extra-fetal but include 
abdomino-pelvic extension. Type IV SCTs 
develop completely within the fetal pelvis [187]. 
Furthermore, on imaging, SCTs can be classified 
by their content: A solid teratoma contains only 
tissues, a cystic teratoma contains only pockets 
of fluid or semi-fluid such as cerebrospinal fluid, 
sebum, or fat. A mixed teratoma contains both 
solid and cystic parts. Of these, cystic teratomas 
are the least prevalent, composing less than 15% 
of teratomas [186, 188].

Other lesions must also be considered in the 
differential when assessing cystic and solid 
masses in the spinal axis of neonates. These 
lesions include lymphatic malformation, myelo-
meningocele, and anterior meningocele. 
Macrocystic lymphatic malformation, also 
referred to as cystic lymphangioma or cystic 
hygroma, is considered a benign congenital vas-
cular malformation that results from failure to 
establish normal lymphatic channel anatomy dur-
ing development. This was described in a prior 
subsection. Sonographic images typically reveal 
a sharply marginated uni- or multilocular cystic 
lesion with internally increased echogenicity in 
the presence of infection or hemorrhage. Fetal 
MRI better depicts the anatomic extent and soft 
tissue contrast of the lesion and often show 
masses with attenuation similar to that of water 
and with thin, often contrast-enhanced walls and 
septa. Cystic lymphatic malformations appear as 
areas of homogeneous high signal intensity on 
T2-weighted images and have the signal intensity 
of fluid on T1-weighted images [168, 189].

Myelomeningoceles (MMCs) are largely 
found in the lumbosacral region, thus placing 
them on the differential diagnosis for suspected 
SCT. This was also described in a prior subsec-
tion. On sonographic imaging, MMCs appear in 
the posterior spinal region as a complex lesion 
containing neural elements, the actual neural 
placode, nerve roots, meninges, and cerebrospi-
nal fluid. In comparison to these lesions, plain 
film imaging of SCT may show calcification of a 
mass projecting from the lower pelvic region. 
Ultrasound imaging reveals anechoic compo-
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nents of more cystic masses and echogenic com-
ponents of solid tumors. MRI assists in evaluating 
mass effect of the lesion by demonstrating 
colonic displacement, ureteric dilation, and intra-
spinal extension [190].

An anterior meningocele of the sacrum is 
defined as herniation of the meningeal sac into 
the presacral retroperitoneal space via a congeni-
tal defect in the sacrum or through widened ante-
rior sacral foramina. This is an extremely rare 
condition, with data on its incidence not readily 
available, as its presence has primarily been 
noted in scattered case reports or case series. This 
entity can be seen as part of the Currarino syn-
drome, which includes the presence of presacral 
mass such as meningocele, sacral osseous abnor-
mality, and associated anorectal malformation. 
While prenatal sonography and fetal MRI can be 
used to raise suspicion of its presence, post-natal 
imaging is often needed to corroborate its pres-
ence and exclude alternate cloacal (i.e., rectum, 
vagina, urethra) abnormalities, enteric duplica-
tions cyst, or even hydrometrocolpos in the set-
ting of imperforate hymen [191, 192].

Aside from diagnosis of SCT, accompanying 
complications must be considered. The mortality 
rate for infants with prenatally diagnosed SCT is 
worse than those diagnosed at birth. As seen in 
this particular patient presentation, the location 
and size of SCT may contribute to anatomical 
displacement of normal abdomino-pelvic struc-
tures resulting in signs and symptoms of obstruc-
tion—the bladder, ureters, or intestine may be 
constricted via mass effect and presenting physi-
cal exam findings and patient history should 
prompt further investigation. Other clinical com-
plications include high output cardiac failure sec-
ondary to arteriovenous shunting and possible 
resultant hydrops fetalis. Bilateral hydronephro-
sis, spinal cord involvement, urinary and fecal 
incontinence, and nerve compression may also 
result from mass effect. Premature delivery, dys-
tocia, tumor rupture, anemia, and fetal exsangui-
nation are other clinical issues that can evolve 
secondary to SCT. Prognosis is not related solely 
to the size of the mass, but rather its content and 
extent. Solid hypervascular masses present a 
poorer prognosis than purely cystic masses. The 

risk of malignant transformation increases with 
age; external masses are more readily identified 
on prenatal imaging and consequently result in a 
lesser risk of malignant transformation [186, 
193].

Although the majority of SCTs are histologi-
cally benign, they are associated with significant 
morbidity and mortality due to their secondary 
effects, as discussed above. The prognosis for 
cure is generally good after successful complete 
resection of the mass and coccyx [194]. Potential 
surgical complications include hemorrhage and 
coagulopathy, with hemorrhage being the most 
common cause of death among neonates with 
SCTs. The mortality in the neonatal period is 
approximately 16% [186]. Features that correlate 
with an increased risk of hemorrhage include 
polyhydramnios, large-size lesions, and fetal dis-
tress. Other poor prognostic features include con-
gestive heart failure, placentomegaly, and 
hydrops fetalis. These latter three findings have 
been associated with 100% mortality [195].

 Closing

Given the extent and severity of various neuro-
logical conditions possible in the pregnant patient 
and their underlying gestation, a broad differen-
tial diagnosis must be considered when review-
ing the neuroimaging of these special patient 
populations. Healthcare providers caring for 
pregnant patients and their respective fetuses 
should be aware of the background information 
and clinical entities discussed in this chapter 
given their unique predilection of manifesting as 
specific imaging findings in the neuraxis. Note 
that certain topics pertaining to these populations 
that providers are equally charged with being 
aware of are not included in this chapter. 
Specifically, the imaging features of conditions 
without uniquely described associations found 
beyond the pregnant patient and intrauterine ges-
tation were not reviewed given the targeted nature 
of the intended chapter. This includes post- 
traumatic findings beyond acquired pre-natal 
insults in the neurovascular and neuroanatomic 
developmental pathways, infectious/inflamma-
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tory conditions that develop incidentally in preg-
nant patients with otherwise similar likelihood in 
the general population (excluding conditions 
with unique neuroanatomic findings and estab-
lished clinical associations in either the pregnant 
patient or gestation), and pre-existing metabolic 
and developmental conditions independently 
associated with the state of pregnancy or more 
pertinent to the post-natal fetus (such as the vari-
ous leukodystrophies seen in post-natal 
imaging).

References

1. Donald I, Macvicar J, Brown TG.  Investigation of 
abdominal masses by pulsed ultrasound. Lancet. 
1958;1(7032):1188–95.

2. Campbell S.  A short history of sonography in 
obstetrics and gynaecology. Facts Views Vis Obgyn. 
2013;5(3):213–29.

3. Hangiandreou NJ.  AAPM/RSNA physics tuto-
rial for residents. Topics in US: B-mode US: basic 
concepts and new technology. Radiographics. 
2003;23(4):1019–33.

4. Shriki J.  Ultrasound physics. Crit Care Clin. 
2014;30(1):1–24, v.

5. Kollmann C, ter Haar G, Doležal L, Hennerici M, 
Salvesen K, Valentin L.  Ultrasound emissions: 
thermal and mechanical indices. Ultraschall Med. 
2013;34(5):422–31; quiz 432–424.

6. Şen T, Tüfekçioğlu O, Koza Y.  Mechanical index. 
Anatol J Cardiol. 2015;15(4):334–6.

7. Fatahi Asl J, Farzanegan Z, Tahmasbi M, Birgani 
SM, Malekzade M, Yazdaninejad H.  Evaluation of 
the scan duration and mechanical and thermal indi-
ces applied for the diagnostic ultrasound examina-
tions. J Ultrasound Med. 2021;40:1839.

8. Abramowicz JS, Barnett SB, Duck FA, Edmonds 
PD, Hynynen KH, Ziskin MC.  Fetal thermal 
effects of diagnostic ultrasound. J Ultrasound Med. 
2008;27(4):541–59; quiz 560–543.

9. Ter Haar G.  HIFU Tissue ablation: concept and 
devices. Adv Exp Med Biol. 2016;880:3–20.

10. AIUM-ACR-ACOG-SMFM-SRU Practice param-
eter for the performance of standard diagnostic 
obstetric ultrasound examinations. J Ultrasound 
Med. 2018;37(11):E13–e24.

11. Ratnapalan S, Bona N, Chandra K, Koren 
G. Physicians’ perceptions of teratogenic risk asso-
ciated with radiography and CT during early preg-
nancy. Am J Roentgenol. 2004;182(5):1107–9.

12. Lee CI, Haims AH, Monico EP, Brink JA, Forman 
HP. Diagnostic CT scans: assessment of patient, phy-
sician, and radiologist awareness of radiation dose 
and possible risks. Radiology. 2004;231(2):393–8.

13. Han B, Bednarz B, Xu XG. A study of the shielding 
used to reduce leakage and scattered radiation to the 
fetus in a pregnant patient treated with a 6-MV exter-
nal X-ray beam. Health Phys. 2009;97(6):581–9.

14. Council NR.  Health risks from exposure to low 
levels of ionizing radiation: BEIR VII Phase 2. 
Washington, DC: The National Academies Press; 
2006.

15. Sensakovic W, Royall I, Hough M, Potrebko P, 
Grekoski V, Vicenti R.  Fetal dosimetry at CT: a 
primer. Radiographics. 2020;40(4):1061–70.

16. Sidorov EV, Feng W, Caplan LR. Stroke in pregnant 
and postpartum women. Expert Rev Cardiovasc 
Ther. 2011;9(9):1235–47.

17. Bourjeily G, Chalhoub M, Phornphutkul C, Alleyne 
TC, Woodfield CA, Chen KK. Neonatal thyroid func-
tion: effect of a single exposure to iodinated contrast 
medium in utero. Radiology. 2010;256(3):744–50.

18. Ahmet A, Lawson ML, Babyn P, Tricco 
AC.  Hypothyroidism in neonates post-iodinated 
contrast media: a systematic review. Acta Paediatr. 
2009;98(10):1568–74.

19. Brenner DJ, Hall EJ.  Computed tomography--an 
increasing source of radiation exposure. N Engl J 
Med. 2007;357(22):2277–84.

20. McNitt-Gray MF.  AAPM/RSNA physics tuto-
rial for residents: topics in CT.  Radiation dose in 
CT. Radiographics. 2002;22(6):1541–53.

21. Tamm EP, Rong XJ, Cody DD, Ernst RD, Fitzgerald 
NE, Kundra V.  Quality initiatives: CT radiation 
dose reduction: how to implement change with-
out sacrificing diagnostic quality. Radiographics. 
2011;31(7):1823–32.

22. Siegel JA, Brooks AL, Fisher DR, et  al. A critical 
assessment of the linear no-threshold hypothesis: 
its validity and applicability for use in risk assess-
ment and radiation protection. Clin Nucl Med. 
2019;44(7):521–5.

23. Chodick G, Kim KP, Shwarz M, Horev G, Shalev 
V, Ron E. Radiation risks from pediatric computed 
tomography scanning. Pediatr Endocrinol Rev. 
2009;7(2):29–36.

24. Schmidt CW.  CT scans: balancing health risks 
and medical benefits. Environ Health Perspect. 
2012;120(3):A118–21.

25. Radiology MSC-oAfO-EIiC, Safety 
MSCoOR. Implementation of the principle of as low 
as reasonably achievable (ALARA) for medical and 
dental personnel: recommendations of the National 
Council on Radiation Protection and Measurements. 
Bethesda, MD: NCRP; 1990.

26. Jackson HA, Panigrahy A. Fetal magnetic resonance 
imaging: the basics. Pediatr Ann. 2008;37(6):388–93.

27. Hailey D.  Open magnetic resonance imaging 
(MRI) scanners. Issues Emerg Health Technol. 
2006;92:1–4.

28. Enders J, Rief M, Zimmermann E, et al. High-field 
open versus short-bore magnetic resonance imaging 
of the spine: a randomized controlled comparison of 
image quality. PLoS One. 2013;8(12):e83427.

S. H. Sundararajan et al.



95

29. Victoria T, Jaramillo D, Roberts TP, et  al. Fetal 
magnetic resonance imaging: jumping from 1.5 to 
3 tesla (preliminary experience). Pediatr Radiol. 
2014;44(4):376–86; quiz 373–375.

30. Krishnamurthy U, Neelavalli J, Mody S, et  al. 
MR imaging of the fetal brain at 1.5T and 3.0T 
field strengths: comparing specific absorption 
rate (SAR) and image quality. J Perinat Med. 
2015;43(2):209–20.

31. Saleem SN. Fetal MRI: an approach to practice: a 
review. J Adv Res. 2014;5(5):507–23.

32. Jacobs MA, Ibrahim TS, Ouwerkerk R.  AAPM/
RSNA physics tutorials for residents: MR imag-
ing: brief overview and emerging applications. 
Radiographics. 2007;27(4):1213–29.

33. Plewes DB, Kucharczyk W. Physics of MRI: a primer. 
J Magn Reson Imaging. 2012;35(5):1038–54.

34. Currie S, Hoggard N, Craven IJ, Hadjivassiliou 
M, Wilkinson ID.  Understanding MRI: basic 
MR physics for physicians. Postgrad Med J. 
2013;89(1050):209–23.

35. Neelavalli J, Krishnamurthy U, Jella PK, et  al. 
Magnetic resonance angiography of fetal vascula-
ture at 3.0 T. Eur Radiol. 2016;26(12):4570–6.

36. Kim DH, Chung S, Vigneron DB, Barkovich AJ, 
Glenn OA. Diffusion-weighted imaging of the fetal 
brain in vivo. Magn Reson Med. 2008;59(1):216–20.

37. Drake-Pérez M, Boto J, Fitsiori A, Lovblad K, 
Vargas MI.  Clinical applications of diffusion 
weighted imaging in neuroradiology. Insights 
Imaging. 2018;9(4):535–47.

38. Wang Y, Spincemaille P, Liu Z, et al. Clinical quan-
titative susceptibility mapping (QSM): biometal 
imaging and its emerging roles in patient care. J 
Magn Reson Imaging. 2017;46(4):951–71.

39. Tocchio S, Kline-Fath B, Kanal E, Schmithorst VJ, 
Panigrahy A. MRI evaluation and safety in the devel-
oping brain. Semin Perinatol. 2015;39(2):73–104.

40. Weisstanner C, Gruber GM, Brugger PC, et  al. 
Fetal MRI at 3T-ready for routine use? Br J Radiol. 
2017;90(1069):20160362.

41. Mervak BM, Altun E, McGinty KA, Hyslop WB, 
Semelka RC, Burke LM.  MRI in pregnancy: indi-
cations and practical considerations. J Magn Reson 
Imaging. 2019;49:621–31.

42. Shellock FG, Kanal E. Safety of magnetic resonance 
imaging contrast agents. J Magn Reson Imaging. 
1999;10(3):477–84.

43. Webb JA, Thomsen HS, Morcos SK.  The use 
of iodinated and gadolinium contrast media 
during pregnancy and lactation. Eur Radiol. 
2005;15(6):1234–40.

44. Negro A, Delaruelle Z, Ivanova TA, et al. Headache 
and pregnancy: a systematic review. J Headache 
Pain. 2017;18(1):106.

45. Whitehead MT, Cardenas AM, Corey AS, et al. ACR 
Appropriateness Criteria® Headache. J Am Coll 
Radiol. 2019;16(11s):S364–s377.

46. Sandoe CH, Lay C.  Secondary headaches during 
pregnancy: when to worry. Curr Neurol Neurosci 
Rep. 2019;19(6):27.

47. Markey KA, Uldall M, Botfield H, et al. Idiopathic 
intracranial hypertension, hormones, and 
11β-hydroxysteroid dehydrogenases. J Pain Res. 
2016;9:223–32.

48. Dinkin MJ, Patsalides A. Venous sinus stenting for 
idiopathic intracranial hypertension: where are we 
now? Neurol Clin. 2017;35(1):59–81.

49. Patsalides A, Oliveira C, Wilcox J, et  al. Venous 
sinus stenting lowers the intracranial pressure in 
patients with idiopathic intracranial hypertension. J 
Neurointervent Surg. 2019;11(2):175–8.

50. Sivasankar R, Pant R, Indrajit IK, et  al. Imaging 
and interventions in idiopathic intracranial hyper-
tension: a pictorial essay. Indian J Radiol Imaging. 
2015;25(4):439–44.

51. Sundararajan SH, Ramos AD, Kishore V, Michael 
M, Doustaly R, DeRusso F, Patsalides A.  Am J 
Neuroradiol. 2021;42(2):288–96.

52. Dinkin MJ, Patsalides A.  Venous sinus stent-
ing in idiopathic intracranial hypertension: 
results of a prospective trial. J Neuroophthalmol. 
2017;37(2):113–21.

53. Gurney SP, Ramalingam S, Thomas A, Sinclair AJ, 
Mollan SP. Exploring the current management idio-
pathic intracranial hypertension, and understanding 
the role of dural venous sinus stenting. Eye Brain. 
2020;12:1–13.

54. Toscano S, Lo Fermo S, Reggio E, Chisari CG, Patti 
F, Zappia M.  An update on idiopathic intracranial 
hypertension in adults: a look at pathophysiology, 
diagnostic approach and management. J Neurol. 
2020;268:3249.

55. Struble E, Harrouk W, DeFelice A, Tesfamariam 
B.  Nonclinical aspects of venous thrombosis in 
pregnancy. Birth Defects Res C Embryo Today. 
2015;105(3):190–200.

56. Kashkoush AI, Ma H, Agarwal N, et  al. Cerebral 
venous sinus thrombosis in pregnancy and puerpe-
rium: a pooled, systematic review. J Clin Neurosci. 
2017;39:9–15.

57. Roth J, Deck G.  Neurovascular disorders in preg-
nancy: a review. Obstet Med. 2019;12(4):164–7.

58. Walecki J, Mruk B, Nawrocka-Laskus E, Piliszek 
A, Przelaskowski A, Sklinda K.  Neuroimaging of 
cerebral venous thrombosis (CVT)  - old dilemma 
and the new diagnostic methods. Pol J Radiol. 
2015;80:368–73.

59. Gibson PS, Powrie R.  Anticoagulants and preg-
nancy: when are they safe? Cleve Clin J Med. 
2009;76(2):113–27.

60. Pilato F, Distefano M, Calandrelli R.  Posterior 
reversible encephalopathy syndrome and revers-
ible cerebral vasoconstriction syndrome: clini-
cal and radiological considerations. Front Neurol. 
2020;11:34.

3 Neuroimaging in the Pregnant Patient



96

61. Mossa A, de Souza AZ, Souen JS, Netto Cde G, 
Netto Cde S, Grabert H. [Subarachnoid hemor-
rhage and intracerebral aneurysm in the pregnancy- 
puerperium cycle]. Revista de Ginecologia e 
d’obstetricia. 1965;116(6):294–303.

62. Pool JL. Treatment of intracranial aneurysms during 
pregnancy. JAMA. 1965;192(3):209–14.

63. Beighley A, Glynn R, Scullen T, et al. Aneurysmal 
subarachnoid hemorrhage during pregnancy: a com-
prehensive and systematic review of the literature. 
Neurosurg Rev. 2021;44:2511.

64. Yanamadala V, Sheth SA, Walcott BP, Buchbinder 
BR, Buckley D, Ogilvy CS. Non-contrast 3D time- 
of- flight magnetic resonance angiography for visu-
alization of intracranial aneurysms in patients with 
absolute contraindications to CT or MRI contrast. J 
Clin Neurosci. 2013;20(8):1122–6.

65. Hirohata M, Abe T, Fujimura N, Takeuchi Y, 
Morimitsu H, Shigemori M.  Clinical outcomes of 
coil embolization for acutely ruptured aneurysm: 
comparison with results of neck clipping when coil 
embolization is considered the first option. Interv 
Neuroradiol. 2004;10(2 Suppl):49–53.

66. Molyneux A, Kerr R, Stratton I, et al. International 
Subarachnoid Aneurysm Trial (ISAT) of neurosur-
gical clipping versus endovascular coiling in 2143 
patients with ruptured intracranial aneurysms: a ran-
domised trial. Lancet. 2002;360(9342):1267–74.

67. Derdeyn CP, Barr JD, Berenstein A, et  al. The 
International Subarachnoid Aneurysm Trial (ISAT): 
a position statement from the executive commit-
tee of the American Society of Interventional and 
Therapeutic Neuroradiology and the American 
Society of Neuroradiology. Am J Neuroradiol. 
2003;24(7):1404–8.

68. Liu P, Lv X, Li Y, Lv M.  Endovascular manage-
ment of intracranial aneurysms during pregnancy 
in three cases and review of the literature. Interv 
Neuroradiol. 2015;21(6):654–8.

69. Barbarite E, Hussain S, Dellarole A, Elhammady 
MS, Peterson E.  The management of intracranial 
aneurysms during pregnancy: a systematic review. 
Turk Neurosurg. 2016;26(4):465–74.

70. Pierot L, Arthur AS, Fiorella D, Spelle 
L.  Intrasaccular flow disruption with WEB device: 
current place and results in management of intracra-
nial aneurysms. World Neurosurg. 2019;122:313–6.

71. Lv X, Li Y.  The clinical characteristics and treat-
ment of cerebral AVM in pregnancy. Neuroradiol J. 
2015;28(4):385–8.

72. Lee S, Kim Y, Navi BB, et  al. Risk of intracranial 
hemorrhage associated with pregnancy in women 
with cerebral arteriovenous malformations. J 
Neurointerv Surg. 2021;13:707.

73. Molina-Botello D, Rodríguez-Sanchez J, Cuevas- 
García J, Cárdenas-Almaraz B, Morales-Acevedo A, 
Mejía-Pérez S, Ochoa-Martinez E.  Pregnancy and 
brain tumors; a systematic review of the literature. J 
Clin Neurosci. 2021;86:211–6.

74. Rondon-Berrios H.  Therapeutic relowering of 
plasma sodium after overly rapid correction of 
hyponatremia. What is the evidence? Clin J Am Soc 
Nephrol. 2020;15(2):282–4.

75. Koul PA, Khan UH, Jan RA, et al. Osmotic demy-
elination syndrome following slow correction of 
hyponatremia: possible role of hypokalemia. Indian 
J Crit Care Med. 2013;17(4):231–3.

76. Lohr JW. Osmotic demyelination syndrome follow-
ing correction of hyponatremia: association with 
hypokalemia. Am J Med. 1994;96(5):408–13.

77. Corona G, Simonetti L, Giuliani C, Sforza A, Peri 
A.  A case of osmotic demyelination syndrome 
occurred after the correction of severe hypona-
traemia in hyperemesis gravidarum. BMC Endocr 
Disord. 2014;14:34.

78. Sánchez-Ferrer ML, Prieto-Sánchez MT, Orozco- 
Fernández R, Machado-Linde F, Nieto-Diaz 
A. Central pontine myelinolysis during pregnancy: 
pathogenesis, diagnosis and management. J Obstet 
Gynaecol. 2017;37(3):273–9.

79. Cuello JP, Martínez Ginés ML, Tejeda-Velarde A, 
et  al. Cytokine profile during pregnancy predicts 
relapses during pregnancy and postpartum in mul-
tiple sclerosis. J Neurol Sci. 2020;414:116811.

80. Laura Airas ME, Maghzi A-H. Pregnany and mul-
tiple sclerosis. In: Minager A, editor. Neurological 
disorders and pregnancy. London: Elsevier Inc.; 
2011. p. 1–11.

81. Thompson AJ, Banwell BL, Barkhof F, et  al. 
Diagnosis of multiple sclerosis: 2017 revi-
sions of the McDonald criteria. Lancet Neurol. 
2018;17(2):162–73.

82. Wattjes MP, Steenwijk MD, Stangel M.  MRI in 
the diagnosis and monitoring of multiple sclero-
sis: an update. Clin Neuroradiol. 2015;25(Suppl 
2):157–65.

83. Suthiphosuwan S, Sati P, Guenette M, et al. The cen-
tral vein sign in radiologically isolated syndrome. 
AJNR Am J Neuroradiol. 2019;40(5):776–83.

84. Mistry N, Abdel-Fahim R, Samaraweera A, et  al. 
Imaging central veins in brain lesions with 3-T T2*-
weighted magnetic resonance imaging differenti-
ates multiple sclerosis from microangiopathic brain 
lesions. Mult Scler. 2016;22(10):1289–96.

85. Suh CH, Kim SJ, Jung SC, Choi CG, Kim HS. The 
“Central Vein Sign” on T2*-weighted images as a 
diagnostic tool in multiple sclerosis: a systematic 
review and meta-analysis using individual patient 
data. Sci Rep. 2019;9(1):18188.

86. Heaphy-Henault KJ, Guimaraes CV, Mehollin-Ray 
AR, et al. Congenital aqueductal stenosis: findings at 
fetal MRI that accurately predict a postnatal diagno-
sis. AJNR Am J Neuroradiol. 2018;39:942.

87. Di Mascio D, Sileo FG, Khalil A, et  al. Role of 
magnetic resonance imaging in fetuses with mild or 
moderate ventriculomegaly in the era of fetal neu-
rosonography: systematic review and meta-analysis. 
Ultrasound Obstet Gynecol. 2019;54(2):164–71.

S. H. Sundararajan et al.



97

88. Guerrini R, Dobyns WB. Malformations of cortical 
development: clinical features and genetic causes. 
Lancet Neurol. 2014;13(7):710–26.

89. Severino M, Geraldo AF, Utz N, et  al. Definitions 
and classification of malformations of corti-
cal development: practical guidelines. Brain. 
2020;143(10):2874–94.

90. Barkovich AJ, Kuzniecky RI, Jackson GD, Guerrini 
R, Dobyns WB. A developmental and genetic clas-
sification for malformations of cortical development. 
Neurology. 2005;65(12):1873–87.

91. Choi JJ, Yang E, Soul JS, Jaimes C. Fetal magnetic 
resonance imaging: supratentorial brain malforma-
tions. Pediatr Radiol. 2020;50(13):1934–47.

92. Laifer-Narin SL, Ayyala R, Coletta J, Miller 
RS.  EP03.06: Fetal MRI of hemimegalencephaly: 
a report of 4 cases. Ultrasound Obstet Gynecol. 
2015;46(S1):192–3.

93. Williams F, Griffiths PD.  The diagnosis of hemi-
megalencephaly using in utero MRI.  Clin Radiol. 
2014;69(6):e291–7.

94. Nagaraj UD, Peiro JL, Bierbrauer KS, Kline-Fath 
BM.  Evaluation of subependymal gray matter het-
erotopias on fetal MRI.  AJNR Am J Neuroradiol. 
2016;37(4):720–5.

95. Pilz DT, Quarrell OW. Syndromes with lissenceph-
aly. J Med Genet. 1996;33(4):319–23.

96. Di Donato N, Chiari S, Mirzaa GM, et  al. 
Lissencephaly: expanded imaging and clini-
cal classification. Am J Med Genet A. 
2017;173(6):1473–88.

97. Nagaraj UD, Hopkin R, Schapiro M, Kline-Fath 
B.  Prenatal and postnatal evaluation of polymi-
crogyria with band heterotopia. Radiol Case Rep. 
2017;12(3):602–5.

98. Momen AA, Momen M.  Double cortex syndrome 
(subcortical band heterotopia): a case report. Iran J 
Child Neurol. 2015;9(2):64–8.

99. Ahearne CE, Boylan GB, Murray DM.  Short and 
long term prognosis in perinatal asphyxia: an update. 
World J Clin Pediatr. 2016;5(1):67–74.

100. Yamamoto N, Utsu M, Serizawa M, et al. Neonatal 
periventricular leukomalacia preceded by fetal 
periventricular echodensity. Fetal Diagn Ther. 
2000;15(4):198–208.

101. Chao CP, Zaleski CG, Patton AC. Neonatal hypoxic- 
ischemic encephalopathy: multimodality imaging 
findings. Radiographics. 2006;26(Suppl 1):S159–72.

102. Abergel A, Lacalm A, Massoud M, Massardier J, 
des Portes V, Guibaud L. Expanding porencephalic 
cysts: prenatal imaging and differential diagnosis. 
Fetal Diagn Ther. 2017;41(3):226–33.

103. Griffiths PD.  Schizencephaly revisited. 
Neuroradiology. 2018;60(9):945–60.

104. Ghosh PS, Reid JR, Patno D, Friedman NR.  Fetal 
magnetic resonance imaging in hydranencephaly. J 
Paediatr Child Health. 2013;49(4):335–6.

105. Society for Maternal-Fetal Medicine (SMFM), 
Rotmensch S, Monteagudo A.  Agenesis of 

the corpus callosum. Am J Obstet Gynecol. 
2020;223(6):B17–22.

106. Nagaraj UD, Calvo-Garcia MA, Kline-Fath 
BM. Abnormalities associated with the cavum septi 
pellucidi on fetal MRI: what radiologists need to 
know. Am J Roentgenol. 2018;210(5):989–97.

107. Kousa YA, du Plessis AJ, Vezina G. Prenatal diagno-
sis of holoprosencephaly. Am J Med Genet C: Semin 
Med Genet. 2018;178(2):206–13.

108. Tekendo-Ngongang C, et  al. Holoprosencephaly 
overview. In: GeneReviews®. Seattle, WA: 
University of Washington; 1993.

109. Schlatterer SD, Sanapo L, du Plessis AJ, Whitehead 
MT, Mulkey SB. The role of fetal MRI for suspected 
anomalies of the posterior fossa. Pediatr Neurol. 
2021;117:10–8.

110. Milani HJF, Barreto EQS, Ximenes RLS, Baldo 
CAR, Araujo Júnior E, Moron AF.  Fetal posterior 
fossa malformations: review of the current knowl-
edge. Radiol Bras. 2019;52(6):380–6.

111. Cignini P, Giorlandino M, Brutti P, Mangiafico 
L, Aloisi A, Giorlandino C.  Reference charts 
for fetal cerebellar vermis height: a prospective 
cross-sectional study of 10605 fetuses. PLoS One. 
2016;11(1):e0147528.

112. Vinkesteijn AS, Mulder PG, Wladimiroff JW. Fetal 
transverse cerebellar diameter measurements in nor-
mal and reduced fetal growth. Ultrasound Obstet 
Gynecol. 2000;15(1):47–51.

113. Parkar AP, Olsen ØE, Gjelland K, Kiserud T, 
Rosendahl K. Common fetal measurements: a com-
parison between ultrasound and magnetic resonance 
imaging. Acta Radiol. 2010;51(1):85–91.

114. Diogo MC, Glatter S, Binder J, Kiss H, 
Prayer D.  The MRI spectrum of congeni-
tal cytomegalovirus infection. Prenat Diagn. 
2020;40(1):110–24.

115. Malinger G, Werner H, Rodriguez Leonel JC, et al. 
Prenatal brain imaging in congenital toxoplasmosis. 
Prenat Diagn. 2011;31(9):881–6.

116. Feemster KA, Szipszky C. Resurgence of measles in 
the United States: how did we get here? Curr Opin 
Pediatr. 2020;32(1):139–44.

117. Parkman PD. Togaviruses: rubella virus. In: Baron 
S, editor. Medical microbiology. 4th ed. Galveston, 
TX: University of Texas Medical Branch at 
Galveston; 1996.

118. Yazigi A, De Pecoulas AE, Vauloup-Fellous C, 
Grangeot-Keros L, Ayoubi JM, Picone O. Fetal and 
neonatal abnormalities due to congenital rubella 
syndrome: a review of literature. J Matern Fetal 
Neonatal Med. 2017;30(3):274–8.

119. Fa F, Laup L, Mandelbrot L, Sibiude J, Picone 
O.  Fetal and neonatal abnormalities due to con-
genital herpes simplex virus infection: a literature 
review. Prenat Diagn. 2020;40(4):408–14.

120. James SH, Sheffield JS, Kimberlin DW. Mother-to- 
child transmission of herpes simplex virus. J Pediatr 
Infect Dis Soc. 2014;3(Suppl 1):S19–23.

3 Neuroimaging in the Pregnant Patient



98

121. Barefoot KH, Little GA, Ornvold KT. Fetal demise 
due to herpes simplex virus: an illustrated case 
report. J Perinatol. 2002;22(1):86–8.

122. Freij BJ, Sever JL. Herpesvirus infections in preg-
nancy: risks to embryo, fetus, and neonate. Clin 
Perinatol. 1988;15(2):203–31.

123. Duin LK, Willekes C, Baldewijns MM, Robben SG, 
Offermans J, Vles J.  Major brain lesions by intra-
uterine herpes simplex virus infection: MRI contri-
bution. Prenat Diagn. 2007;27(1):81–4.

124. Marquez L, Levy ML, Munoz FM, Palazzi DL. A 
report of three cases and review of intrauterine her-
pes simplex virus infection. Pediatr Infect Dis J. 
2011;30(2):153–7.

125. Sloan JK, Cawyer CR, Drever NS.  Fetal ventricu-
lomegaly and herpes encephalitis following primary 
maternal herpes simplex infection. Baylor Univ Med 
Center Proc. 2017;30(4):463–4.

126. Mulkey SB, Bulas DI, Vezina G, et  al. Sequential 
neuroimaging of the fetus and newborn with 
in utero zika virus exposure. JAMA Pediatr. 
2019;173(1):52–9.

127. Sutton D, Miller R. Neurologic outcomes after pre-
natal treatment of twin-twin transfusion syndrome. 
Clin Perinatol. 2020;47(4):719–31.

128. Sato H, Murata H, Sato K, Kawaharamura K, 
Hamanishi S, Hirose M.  Encephalomalacia in sur-
viving twin after single fetal death diagnosed at 18 
weeks of gestation in monochorionic twin preg-
nancy. Am J Case Rep. 2013;14:341–4.

129. Acharya UV, Pendharkar H, Varma DR, Pruthi 
N, Varadarajan S.  Spinal dysraphism illustrated; 
embroyology revisited. Indian J Radiol Imaging. 
2017;27(4):417–26.

130. Catala M. Embryology of the spine and spinal cord. 
In: Rossi A, editor. Pediatric neuroradiology. Berlin: 
Springer; 2015. p. 1–53.

131. Catala M.  Embryology of the brain. In: Tortori- 
Donati P, Rossi A, editors. Pediatric neuroradiology: 
brain. Berlin: Springer; 2005. p. 1–20.

132. Copp AJ, Stanier P, Greene ND. Neural tube defects: 
recent advances, unsolved questions, and controver-
sies. Lancet Neurol. 2013;12(8):799–810.

133. Copp AJ. Neurulation in the cranial region--normal 
and abnormal. J Anat. 2005;207(5):623–35.

134. Curtin JA, Quint E, Tsipouri V, et  al. Mutation of 
Celsr1 disrupts planar polarity of inner ear hair cells 
and causes severe neural tube defects in the mouse. 
Curr Biol. 2003;13(13):1129–33.

135. Gustavsson P, Greene ND, Lad D, et  al. Increased 
expression of Grainyhead-like-3 rescues spina bifida 
in a folate-resistant mouse model. Hum Mol Genet. 
2007;16(21):2640–6.

136. Pryor SE, Massa V, Savery D, Greene ND, Copp 
AJ.  Convergent extension analysis in mouse 
whole embryo culture. Methods Mol Biol. 
2012;839:133–46.

137. Carroll EA, Gerrelli D, Gasca S, et al. Cordon-bleu 
is a conserved gene involved in neural tube forma-
tion. Dev Biol. 2003;262(1):16–31.

138. Cogram P, Hynes A, Dunlevy LP, Greene ND, Copp 
AJ. Specific isoforms of protein kinase C are essential 
for prevention of folate-resistant neural tube defects 
by inositol. Hum Mol Genet. 2004;13(1):7–14.

139. Copp AJ. Genetic models of mammalian neural tube 
defects. CIBA Found Symp. 1994;181:118–34; dis-
cussion 134–143.

140. Massa V, Savery D, Ybot-Gonzalez P, et al. Apoptosis 
is not required for mammalian neural tube closure. 
Proc Natl Acad Sci U S A. 2009;106(20):8233–8.

141. Fleming A, Copp AJ.  Embryonic folate metabo-
lism and mouse neural tube defects. Science. 
1998;280(5372):2107–9.

142. Dunlevy LP, Burren KA, Mills K, Chitty LS, Copp 
AJ, Greene ND. Integrity of the methylation cycle is 
essential for mammalian neural tube closure. Birth 
Defects Res A Clin Mol Teratol. 2006;76(7):544–52.

143. Aertsen M, Verduyckt J, De Keyzer F, et  al. 
Reliability of MR imaging-based posterior fossa and 
brain stem measurements in open spinal dysraphism 
in the era of fetal surgery. AJNR Am J Neuroradiol. 
2019;40(1):191–8.

144. Obeidi N, Russell N, Higgins JR, O’Donoghue 
K. The natural history of anencephaly. Prenat Diagn. 
2010;30(4):357–60.

145. Sharif A, Zhou Y. Fetal MRI characteristics of exen-
cephaly: a case report and literature review. Case 
Rep Radiol. 2016;2016:9801267.

146. Blount JP, Elton S.  Spinal lipomas. Neurosurg 
Focus. 2001;10(1):e3.

147. David DJ.  Cephaloceles: classification, pathol-
ogy, and management--a review. J Craniofac Surg. 
1993;4(4):192–202.

148. Puvabanditsin S, Malik I, Garrow E, Francois L, 
Mehta R. Clival encephalocele and 5q15 deletion: a 
case report. J Child Neurol. 2015;30(4):505–8.

149. Sepulveda W, Wong AE, Andreeva E, Odegova N, 
Martinez-Ten P, Meagher S. Sonographic spectrum of 
first-trimester fetal cephalocele: review of 35 cases. 
Ultrasound Obstet Gynecol. 2015;46(1):29–33.

150. Fleming A, Copp AJ. A genetic risk factor for mouse 
neural tube defects: defining the embryonic basis. 
Hum Mol Genet. 2000;9(4):575–81.

151. Warner T, Scullen TA, Iwanaga J, et  al. Caudal 
regression syndrome-a review focusing on genetic 
associations. World Neurosurg. 2020;138:461–7.

152. Boruah DK, Dhingani DD, Achar S, et al. Magnetic 
resonance imaging analysis of caudal regression 
syndrome and concomitant anomalies in pediatric 
patients. J Clin Imag Sci. 2016;6:36.

153. Caro-Domínguez P, Bass J, Hurteau-Miller 
J.  Currarino syndrome in a fetus, infant, child, 
and adolescent: spectrum of clinical presenta-
tions and imaging findings. Can Assoc Radiol J. 
2017;68(1):90–5.

154. Kanagasabai K, Bhat V, Pramod GK, Patil SJ, 
Kiranmayi S.  Severe caudal regression syndrome 
with overlapping features of VACTERL complex: 
antenatal detection and follow up. BJR Case Rep. 
2016;3(2):20150356.

S. H. Sundararajan et al.



99

155. Passias PG, Poorman GW, Jalai CM, et al. Incidence 
of congenital spinal abnormalities among pedi-
atric patients and their association with sco-
liosis and systemic anomalies. J Pediatr Orthop. 
2019;39(8):e608–13.

156. Wilkens R, Odom G. Tumors of the spine and spi-
nal cord, Part II.  Handbook of clinical neurology. 
Amsterdam: Elsevier; 1976.

157. Menezes AH, Dlouhy BJ.  Neurenteric cysts at 
foramen magnum in children: presentation, imag-
ing characteristics, and surgical management-case 
series and literature review. Childs Nerv Syst. 
2020;36(7):1379–84.

158. Teufack S, Campbell P, Moshel YA. Intracranial neu-
roenteric cysts: two atypical cases and review of the 
literature. JHN J. 2011;6(1):6.

159. Cheng B, Li FT, Lin L. Diastematomyelia: a retro-
spective review of 138 patients. J Bone J Surg Br. 
2012;94(3):365–72.

160. Hidalgo JA, Tork CA, Varacallo M. Arnold Chiari 
malformation. Treasure Island, FL: StatPearls; 
2020. https://www.ncbi.nlm.nih.gov/books/
NBK431076/.

161. Saker E, Henry BM, Tomaszewski KA, et  al. The 
human central canal of the spinal cord: a compre-
hensive review of its anatomy, embryology, molecu-
lar development, variants, and pathology. Cureus. 
2016;8(12):e927.

162. Strahle J, Muraszko KM, Garton HJ, et  al. Syrinx 
location and size according to etiology: identifica-
tion of Chiari-associated syrinx. J Neurosurg Pediatr. 
2015;16(1):21–9.

163. Righini A, Parazzini C, Doneda C, et al. Fetal MRI 
features related to the Chiari malformations. Neurol 
Sci. 2011;32(Suppl 3):S279–81.

164. ISSVA.  Classification of vascular anomalies. 
Milwaukee, WI: ISSVA; 2018. https://www.issva.
org/classification. Accessed 31 May 2020.

165. Putra J, Al-Ibraheemi A.  Vascular anomalies of 
the head and neck: a pediatric overview. Head 
Neck Pathol. 2021;15:59. https://doi.org/10.1007/
s12105- 020- 01236- x.

166. Tekes A, Koshy J, Kalayci TO, et al. S.E. Mitchell 
vascular anomalies flow chart (SEMVAFC): a visual 
pathway combining clinical and imaging findings 
for classification of soft-tissue vascular anomalies. 
Clin Radiol. 2014;69(5):443–57.

167. Blei F, Bittman M.  Congenital vascular anoma-
lies: current perspectives on diagnosis, classifica-
tion, and management. J Vasc Diagn Intervent. 
2016;4:23–37.

168. Oliver ER, Coleman BG, DeBari SE, et  al. Fetal 
lymphatic malformations: more variable than we 
think? J Ultrasound Med. 2017;36(5):1051–8.

169. Martini S, Toni F, Paoletti V, Corvaglia L, Cordelli 
DM.  Teaching neuroimages: neurovascular fea-
tures of suspected antenatal-onset Sturge-Weber 
syndrome without skin involvement. Neurology. 
2020;95(22):e3070–1.

170. Sturge-Weber syndrome. 2020. https://ghr.nlm.nih.
gov/condition/sturge- weber- syndrome. Accessed 31 
May 2020.

171. Kortman H, Navaei E, Raybaud CA, et  al. Deep 
venous communication in vein of Galen malforma-
tions: incidence, Imaging, and Implications for treat-
ment. J Neurointerv Surg. 2021;13(3):290–3.

172. Zhou LX, Dong SZ, Zhang MF. Diagnosis of Vein of 
Galen aneurysmal malformation using fetal MRI. J 
Magn Reson Imaging. 2017;46(5):1535–9.

173. Doyle NM, Mastrobattista JM, Thapar MK, Lantin- 
Hermoso MR. Perinatal pseudocoarctation: echocar-
diographic findings in vein of Galen malformation. J 
Ultrasound Med. 2005;24(1):93–8; quiz 99.

174. Arangio P, Manganaro L, Pacifici A, Basile E, 
Cascone P.  Importance of fetal MRI in evalua-
tion of craniofacial deformities. J Craniofac Surg. 
2013;24(3):773–6.

175. Tessier P.  Anatomical classification facial, cranio- 
facial and latero-facial clefts. J Maxillofac Surg. 
1976;4(2):69–92.

176. Van Der Meulen CHJ. Oblique facial clefts: pathol-
ogy, etiology, and reconstruction. Plast Reconstr 
Surg. 1985;76(2):212–24.

177. Paladini D, Morra T, Teodoro A, Lamberti A, 
Tremolaterra F, Martinelli P.  Objective diagnosis 
of micrognathia in the fetus: the jaw index. Obstet 
Gynecol. 1999;93(3):382–6.

178. Laifer-Narin S, Schlechtweg K, Lee J, et al. A com-
parison of early versus late prenatal magnetic reso-
nance imaging in the diagnosis of cleft palate. Ann 
Plast Surg. 2019;82(4S Suppl 3):S242–s246.

179. Nyberg DA, Hegge FN, Kramer D, Mahony BS, 
Kropp RJ.  Premaxillary protrusion: a sonographic 
clue to bilateral cleft lip and palate. J Ultrasound 
Med. 1993;12(6):331–5.

180. Dabadie A, Quarello E, Degardin N, et  al. Added 
value of MRI for the prenatal diagnosis of isolated 
orofacial clefts and comparison with ultrasound. 
Diagn Intervent Imag. 2016;97(9):915–21.

181. König M, Due-Tønnessen B, Osnes T, Haugstvedt 
J-R, Meling TR. Median facial cleft with a fronto-
ethmoidal encephalocele treated with craniofacial 
bipartition and free radial forearm flap: a case report. 
Skull Base. 2010;20(2):119–23.

182. Wexler MR, Benmeir P, Umansky F, Weinberg A, 
Neuman R.  Midline cleft syndrome with spheno-
ethmoidal encephalocele: a case report. J Craniofac 
Surg. 1991;2(1):38–41.

183. Ganapathy A, Sadeesh T, Swer MH, Rao S. Occipital 
meningoencephalocele with cleft lip, cleft palate and 
limb abnormalities - a case report. J Clin Diagn Res. 
2014;8(12):AD03–5.

184. Gonçalves LF, Lee W, Mody S, Shetty A, Sangi- 
Haghpeykar H, Romero R.  Diagnostic accuracy 
of ultrasonography and magnetic resonance imag-
ing for the detection of fetal anomalies: a blinded 
case-control study. Ultrasound Obstet Gynecol. 
2016;48(2):185–92.

3 Neuroimaging in the Pregnant Patient

https://www.ncbi.nlm.nih.gov/books/NBK431076/
https://www.ncbi.nlm.nih.gov/books/NBK431076/
https://www.issva.org/classification
https://www.issva.org/classification
https://doi.org/10.1007/s12105-020-01236-x
https://doi.org/10.1007/s12105-020-01236-x
https://ghr.nlm.nih.gov/condition/sturge-weber-syndrome
https://ghr.nlm.nih.gov/condition/sturge-weber-syndrome


100

185. Feygin T, Khalek N, Moldenhauer JS.  Fetal brain, 
head, and neck tumors: prenatal imaging and man-
agement. Prenat Diagn. 2020;40(10):1203–19.

186. Herman TE, Siegel MJ. Cystic type IV sacrococcy-
geal teratoma. J Perinatol. 2002;22(4):331–2.

187. Avni FE, Guibaud L, Robert Y, et  al. MR imaging 
of fetal sacrococcygeal teratoma. Am J Roentgenol. 
2002;178(1):179–83.

188. Kocaoglu M, Frush DP. Pediatric presacral masses. 
Radiographics. 2006;26(3):833–57.

189. Nosher JL, Murillo PG, Liszewski M, Gendel V, 
Gribbin CE. Vascular anomalies: a pictorial review 
of nomenclature, diagnosis and treatment. World J 
Radiol. 2014;6(9):677–92.

190. Nagaraj UD, Bierbrauer KS, Peiro JL, Kline-Fath 
BM. Differentiating closed versus open spinal dys-
raphisms on fetal MRI.  AJR Am J Roentgenol. 
2016;207(6):1316–23.

191. Sumi A, Sato Y, Kakui K, Tatsumi K, Fujiwara 
H, Konishi I.  Prenatal diagnosis of anterior 

sacral meningocele. Ultrasound Obstet Gynecol. 
2011;37(4):493–6.

192. Braczynski AK, Brockmann MA, Scholz T, Bach 
J-P, Schulz JB, Tauber SC.  Anterior sacral menin-
gocele infected with Fusobacterium in a patient with 
recently diagnosed colorectal carcinoma  – a case 
report. BMC Neurol. 2017;17(1):212.

193. Danzer E, Hubbard AM, Hedrick HL, et al. Diagnosis 
and characterization of fetal sacrococcygeal tera-
toma with prenatal MRI.  AJR Am J Roentgenol. 
2006;187(4):W350.

194. Sheth S, Nussbaum AR, Sanders RC, Hamper UM, 
Davidson AJ.  Prenatal diagnosis of sacrococcy-
geal teratoma: sonographic-pathologic correlation. 
Radiology. 1988;169(1):131–6.

195. Murphy JJ, Blair GK, Fraser GC.  Coagulopathy 
associated with large sacrococcygeal teratomas. J 
Pediatr Surg. 1992;27(10):1308–10.

S. H. Sundararajan et al.



101

4Medicolegal Aspects 
of Neurological Disorders 
in Pregnancy, the Fetus, 
and the Newborn

Fareed Jumah, Michael S. Rallo, 
Sanjeev Sreenivasan, Jonathan Lowenthal, 
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 Introduction

Rates of medical litigation in the USA have 
reached rampant proportions in the last two 
decades. In 2013 alone, the total cost of malprac-
tice payout was 3.7 billion USD [1]. Obstetrics, 
neurology, and neurosurgery are in the top league 
of high-risk medical specialties. Obstetrics has 
the highest litigation settlement payments among 
medical specialties [2]. Up to 85% of obstetri-

cians and gynecologists have been named in a 
lawsuit; 24% were sued once and 62% two to five 
times [3], and it is estimated that 74% will face a 
claim by the age of 45 [4]. Similarly, 19.1% of 
neurosurgeons face a malpractice claim each year, 
the highest percentage among all specialties, with 
indemnities averaging $350,000 [4]. A 2019 
report shows that 62% of neurologists have been 
involved in at least 1 lawsuit [5]. These daunting 
trends pose a significant psychological and finan-
cial burden on physicians and the healthcare sys-
tem as a whole. The constant fear of litigation has 
given rise to the practice of “defensive medicine,” 
which raises the healthcare expenditure by esti-
mates of $60 billion each year [6].

There is considerable overlap between the 
childbearing years and the time of onset of many 
female-predominant neurological diseases. Due 
to the complex nature of pregnancy, owing 
mainly to the mother-infant dyad, and its dynamic 
interplay with neurologic disease, certain medi-
colegal issues may arise. As these issues may be 
further compounded by the high-risk nature of 
neurological and obstetrical care [4, 7], it is 
imperative that physicians be knowledgeable and 
vigilant when dealing with such cases, and take 
the steps necessary to avoid litigation.

This chapter is divided into three sections. The 
first outlines some of the medicolegal principles 
that physicians need to be familiar with, such as 
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the physician’s duty of care and informed consent. 
These principles will serve as precursors to under-
standing the process of litigation that ensues once 
a lawsuit has been filed, and the  elements which 
underpin a court’s determination that medical neg-
ligence has occurred. The two sections that follow 
outline various medicolegal and ethical aspects in 
selected neurological disorders in the pregnant or 
childbearing woman (section “Medicolegal and 
Ethical Issues in Selected Neurological Disorders 
in Pregnancy”), as well as in the fetus and the new-
born (section “Medicolegal Issues in the Fetus and 
the Newborn”). The work presented in this chapter 
is intended solely for educational purposes and is 
by no means all-inclusive or a replacement for for-
mal legal counsel.

 General Principles

 The Physician’s Duty of Care

Pregnancy holds an interesting dynamic with neu-
rologic disease. It can affect the natural history of 
a disease by alleviating or worsening it. 
Conversely, the course of pregnancy, delivery, or 
labor can in turn be jeopardized by pre-existing 
neurological conditions. Similarly, drugs used to 
treat neurologic disease may affect a woman’s fer-
tility, contraceptive use and efficacy, and the fetus’ 
prenatal development. In order to achieve optimal 
patient care and minimize medical errors, physi-
cians in neurology and neurosurgery should 
familiarize themselves with disease management 
in the setting of obstetric and perinatal care, and 
similarly, obstetricians should have a neurological 
background sufficient to achieve the same goal.

Nevertheless, regardless of the specialty, the 
responsibility of the physician remains universal: 
to act with “due care,” that is to provide medical 
care according to the accepted standards. A physi-
cian is also obligated to provide information nec-
essary so that the patient may fully understand the 
impact of their medical condition in order to make 
an informed decision about their care [8].

The potential for legal liability against a phy-
sician depends on several important factors. First, 
the plaintiff must prove in court the existence of a 

doctor–patient relationship. Although physicians 
are under no obligation to treat a patient unless 
they choose to (with certain exception like emer-
gencies), a relationship is established when an 
action is taken in a patient’s care by examining, 
diagnosing, treating, or agreeing to do so [9]. 
Importantly, the physician might be unaware that 
a relationship had been established, putting them-
selves at risk of liability. This is shown in Mead v. 
Adler’s case in Oregon when an on-call neurosur-
geon was consulted for a patient with low back 
pain. The surgeon advised that the patient did not 
need surgery. Four days later, the patient suffered 
permanent disability which could have been pre-
vented by surgical intervention. The physician’s 
decision to give an opinion regarding the patient’s 
care inferred the formation of a doctor–patient 
relationship which, in this case, held the physi-
cian legally liable [10].

After proving that a doctor–patient relation-
ship existed, it must be shown that, in providing 
medical care, the physician breached the duty of 
care. The standard of care by which this breach is 
judged is specialty-specific, but is usually deter-
mined by how a “reasonably prudent” physician 
would have acted in the given situation, which 
requires the plaintiff to provide the court with a 
testimony from an expert. Medical negligence 
can be in the form of poor medical care, breach of 
confidentiality, or failure to obtain informed con-
sent. Lastly, the plaintiff must demonstrate the 
nature and magnitude of the damaged incurred, 
and that this damage was a result of the physi-
cian’s negligence [8, 11].

 Informed Consent

Obtaining a patient’s informed consent is one of 
the key components in providing high-quality, 
ethical medical care. Doctors have a legal obliga-
tion to obtain informed consent to medical treat-
ments, and the patient in turn has the right to gain 
information and ask questions which would allow 
them to make independent, well-studied health-
care decisions. The process of obtaining consent 
must take into account discussing the benefits 
and risks of the medical treatment and all of its 
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reasonable alternatives, including the option of 
non-treatment and its outcomes. Clear communi-
cation between the physician and the patient is 
key to developing trust in the doctor–patient rela-
tionship and to mitigating medicolegal risk. In 
fact, studies have shown that the strongest reason 
for filing medical lawsuits against a physician is 
inadequate explanation of the potential impact of 
a treatment and the treatment alternatives to a 
patient [12].

At the same time, this does not mean doctors 
have to disclose every single risk no matter the 
likelihood, but only those that are material and 
are commonly known to the medical community. 
For example, when counseling a multiple sclero-
sis patient considering pregnancy, the doctor is 
not legally obligated to share the slightly 
increased risks of intrauterine growth restriction 
or caesarian section [13]. Although it varies 
between jurisdictions, a material risk is defined 
as that which a reasonably prudent patient would 
want to know in order to adequately assess the 
risks and benefits of the medical treatment at 
hand [8, 11]. Therefore, a physician might 
unknowingly fail to disclose a particular risk 
because they perceive the risk as arbitrary, put-
ting themselves in jeopardy of liability further 
down the line. Therefore, perhaps a more prudent 
approach would be to share as much reasonable 
information with the patient and allow them to 
judge for themselves.

 Medicolegal and Ethical Issues 
in Selected Neurological Disorders 
in Pregnancy

The following discussion outlines certain medi-
colegal and ethical considerations involved in 
selected neurological diseases in pregnancy. The 
medicolegal risks that will be discussed fall under 
one of the following four general themes. As dis-
cussed previously, the concept of informed con-
sent is of particular importance, especially in 
cases where the mother lacks the capacity to 
make informed decisions. In other situations, 
legal liability may arise if the physician fails to 
diagnose a neurological disorder that develops 

during pregnancy. Medicolegal claims may also 
result from failure to anticipate and properly 
counsel the patient about the potential effects of 
pregnancy on a pre-existing neurological condi-
tion, or vice versa. Similarly, negligence or igno-
rance can result in failure to avoid the teratogenic 
effects of certain medications used in treating 
neurological diseases.

 Seizures and Epilepsy

Women with epilepsy have an increased risk of 
obstetric and perinatal complications compared 
to that of the general population. Seizures can 
lead to maternal and/or fetal injury by several 
pathways such as trauma, hypoxia, or the effects 
of antiepileptic drugs (AEDs) during gestation 
and breastfeeding. Although the majority of 
adverse events are not due to medical malpractice 
[14], clinicians that are involved with this subset 
of patients, including obstetricians, neurologists 
and neurosurgeons, are often faced with the pos-
sibility of a lawsuit if an adverse outcome should 
occur.

Antiepileptic treatments can pose certain 
medicolegal risks during a female’s reproductive 
years. It is well recognized that no AED is entirely 
safe during pregnancy. However, some drugs are 
highly teratogenic and should be prescribed with 
caution in a female of childbearing potential. 
Besides the physician’s duty to ensure optimal 
seizure control, they must also anticipate the pos-
sibility of pregnancy, especially an unplanned 
one. When optimizing a treatment regimen, the 
physician must thoroughly discuss the available 
treatment options, with the benefits and risks of 
each, including the option of non-treatment. If a 
medication with high teratogenicity, such as val-
proate, is prescribed, contraception and often 
folic acid supplements should be recommended 
to the patient [11, 15]. Proper documentation of 
the informed consent and verification of the 
patient’s understanding are paramount to avoid-
ing liability.

Informed consent is not always mandated, 
however. For example, while administering 
AEDs in a pregnant patient with status epilepti-
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cus might carry risks to the fetus, treatment of 
emergent, life-threatening conditions overrides 
the need to obtain informed consent in such sce-
narios. Therefore, it would not put the physician 
at risk of liability given that the protocols had 
been followed appropriately.

When a patient presents with convulsions, 
psychogenic non-epileptic seizures (PNES) 
should be on the list of differential diagnoses. 
Although they are uncommon, PNES are one 
of the primary seizure mimics and pose unique 
diagnostic and medicolegal challenges [16]. A 
prolonged PNES may resemble a status epi-
lepticus, leading to unnecessary administra-
tion of teratogenic AEDs. On the other hand, 
suspicion of PNES can result in withdrawal of 
AEDs, which is sometimes necessary to estab-
lish the diagnosis. Little is known about the 
optimal approach to these cases given their 
rarity and the difficulty in capturing this 
patient population. Nevertheless, proper rec-
ognition of clinical clues (e.g., post-ictal state, 
history of conversion disorder) and video-
electroencephalography monitoring can aid in 
diagnosis.

Sudden unexpected death in epilepsy 
(SUDEP) is another controversial aspect of epi-
lepsy management. It is estimated that SUDEP 
is responsible for 2–18% of deaths in epilepsy 
[17–21]. This raises the ethical and legal ques-
tion as to whether or not a pregnant patient 
should be told about the risk of SUDEP.  A 
national survey in London showed that 72% of 
patients wished to be informed of the risk of 
SUDEP early on in their diagnosis [22]. Others 
argue that disclosing this information is not 
preferable, unless the patient has risk factors for 
SUDEP, such as a young age at onset, frequent 
generalized tonic–clonic seizures, intractable 
epilepsy, and, most importantly, medication 
non-compliance [23]. In such cases, it would be 
appropriate to disclose the patient’s risk of 
SUDEP, and emphasize the importance of 
adhering to treatments and avoiding behaviors 
that increase seizure risk.

Clinical aspects pertaining to the management 
of epilepsy and prescribing of AEDs are dis-
cussed in Chap. 28.

 Multiple Sclerosis

The incidence of multiple sclerosis (MS) 
peaks during a female’s childbearing years, 
with a mean age of onset of 30 years. Currently, 
there are no unanimous guidelines that recom-
mend for or against pregnancy in MS. However, 
when counseling an MS patient who is consid-
ering pregnancy, a number of issues must be 
taken into account. The patient should be 
made aware that although the activity of MS 
tends to decrease during pregnancy, the 
chances of relapse are higher after delivery, 
especially in the first 3  months postpartum 
[24, 25]. MS also appears to increase the risk 
of complications during gestation and in the 
peripartum period. For example, studies have 
shown a slightly increased risk of intrauterine 
growth restriction, as well as an increased 
likelihood of undergoing cesarian delivery, 
induction of labor, and operative interventions 
during delivery [13, 26]. Inversely, pregnancy 
in itself does not affect the long-term morbid-
ity caused by MS [27–29]. However, patients 
considering in-vitro fertilization should be 
warned of the potential of worsening MS 
activity that is caused by assisted reproductive 
techniques [30]. In the context of breastfeed-
ing, MS is not a contraindication, and mothers 
who are able to forego disease-modifying 
drugs can breastfeed safely [31].

The considerations for evaluation and man-
agement of MS during pregnancy are reviewed in 
a unique question-answer format in Chap. 21.

 Headaches

Headaches are highly common in females of 
childbearing age, and include a wide differential 
diagnosis. The medicolegal concerns surround-
ing headaches in pregnancy are no different from 
those discussed previously. For instance, the fail-
ure to catch a serious diagnosis during pregnancy 
(e.g., pituitary apoplexy) or the prescription of a 
contraindicated medication (e.g., ergotamine for 
migraine) are two examples which can create a 
dangerous situation for the patient. Chapter 27 
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outlines the approach to headaches in pregnancy 
in detail, however, a few important points from a 
medicolegal perspective are discussed herein.

All headaches in pregnancy require careful 
investigation. Any headache presenting after 
20 weeks gestation must be promptly evaluated 
for pre-eclampsia, especially in the presence of 
hypertension. Delays in diagnosis and treatment 
could precipitate seizures, which would have 
catastrophic consequences on the mother and 
fetus. Certain presentations may require consult-
ing a neurologist or neurosurgeon, such as focal 
neurologic deficits or persisting headaches after 
the exclusion of pre-eclampsia. It is important to 
keep in mind that not all headaches are directly 
related to pregnancy. For example, clues such as 
the sudden onset of the headache should raise 
suspicion of subarachnoid hemorrhage, one of 
the main culprits of maternal death in hyperten-
sive emergencies.

Migraines, another cause of headaches in 
pregnancy, are extremely common in women of 
reproductive age, reaching up to 41% in some 
reports [32]. Although most cases are diagnosed 
before pregnancy, migraines could commence 
during pregnancy in a minority of patients, typi-
cally during the first trimester [33]. Pregnancy 
tends to alleviate migraines, with up to 70% of 
patients reporting symptom improvement [34]. 
Physicians should counsel their patients about 
the possibility of postpartum deterioration and 
encourage breastfeeding, which can aid in 
migraine control [33, 35]. Although migraines 
are relatively benign compared to pre-eclampsia 
and SAH, the literature on the optimal pharmaco-
therapy during pregnancy and lactation is scarce 
[32]. A study of 401 pregnant/postpartum 
migraineurs in Norway showed that two-thirds of 
patients reported their migraine to be sub- 
optimally treated, and expressed frustration 
regarding inconsistent information found in the 
patient educational materials [36]. Unfortunately, 
due to limited evidence, there are currently no 
medications that are “legally safe” for use during 
pregnancy and lactation [32]. This creates a 
pressing need for standardized guidelines on the 
treatment of migraines during pregnancy and 
lactation.

 Brain Tumors

While pregnancy in itself is not a risk factor for 
developing brain tumors, it can affect the course 
of some tumors such as meningiomas, vestibular 
schwannomas, and certain pituitary adenomas. 
At the same time, management of a new or pre- 
existing brain tumor could impact the outcome of 
pregnancy. Therefore, proper patient counseling 
and education is key to avoiding complications 
and legal liability. Several important issues 
should be discussed during prepregnancy coun-
seling. For example, brain tumors can often 
enlarge during pregnancy either due to increased 
peritumoral edema due to fluid retention, or 
hormone- mediated cellular proliferation [37, 38]. 
Additionally, depending on the size and location 
of a brain tumor, labor can be affected as well. 
Because intracranial CSF pressure can rise dan-
gerously during uterine contractions and labor, 
the patient should be made aware of the possibil-
ity of resorting to a cesarian section with general 
anesthesia [39]. Medical malpractice may also 
occur due to failure to anticipate or diagnose a 
brain-tumor related complaint. A classic example 
is a pregnant woman presenting with headache 
and visual loss due to pituitary apoplexy. Thus, a 
high index of suspicion must be maintained, 
especially in patients with pre-existing pituitary 
adenomas, and an MRI should be obtained in any 
trimester to rule out this possibility.

On the other hand, gliobastoma multiforme 
(GBM) is rarely diagnosed in pregnant women, 
mainly because GBM patients are rendered infer-
tile secondary to the chemoradiotherapy [40, 41]. 
However, when a GBM is discovered during 
pregnancy, in addition to the complex manage-
ment decisions involved, an ethical dilemma 
ensues [42, 43]. While chemotherapy and radia-
tion treatments are the only hope of improving 
maternal outcome in such a grim diagnosis, they 
can simultaneously be detrimental to the fetus, 
especially during the first trimester. The terato-
genic effects are broad and can include congeni-
tal anomalies, organ dysfunction, neurocognitive 
impairments as well as carcinogenesis [44, 45]. 
Therefore, the management of these delicate 
cases requires a multidisciplinary team approach 
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along with elaborate and documented discussions 
with the patient and family in attempt to balance 
the potential benefits to the mother against the 
risks to the fetus [45].

Chapters 32 and 33 provide detailed discus-
sion of the clinical aspects pertaining to evalua-
tion and management of brain and pituitary-region 
tumors, respectively.

 Brain Death in Pregnancy

The topic of brain death in pregnancy involves 
multiple ethical and legal dilemmas. While deter-
mining brain death and cessation of organ sup-
port can be ethically and legally complex, the 
matter becomes much more challenging in the 
setting of pregnancy. Advances in medicine and 
critical care now allow a fetus to be kept viable 
throughout an artificially-sustained pregnancy 
following maternal death. This procedure of 
maternal somatic support is, however, an 
extremely rare scenario. In a study of 252 brain 
deaths, only 5 (2.8%) occurred during pregnancy 
[46]. Nevertheless, physicians must be familiar 
with the various medical, ethical, and legal 
aspects involved in managing brain death in 
pregnancy.

Brain death in pregnancy is most commonly 
caused by subarachnoid hemorrhage, hyperten-
sive intracranial hemorrhage, and anoxic brain 
injury secondary to cardiac arrest [47, 48]. 
Delivery of a viable fetus through maternal 
somatic support is governed by important factors 
such as the gestational age at the time of brain 
death and the duration of maternal cardiac arrest 
[49, 50]. Additionally, fetal well-being may be 
affected by a potpourri of complications during 
somatic support such as hemodynamic and meta-
bolic disturbances, acid-base imbalances, panhy-
popituitarism, coagulopathy, infections, and 
terminal cardiac rhythms, to name a few [46, 
51–56].

On the same front, ethical and legal questions 
arise when dealing with these cases. For exam-
ple, are the mother and fetus considered one or 

two separate entities? [48, 52] And if they are 
separate, whose wishes should be honored? 
Should the child of a dead mother be delivered 
and suffer physical, social, and psychological 
consequences later in life? [49, 51, 54, 57] In 
cases where the mother has an advanced direc-
tive, the decision might be clearer, however, this 
is rarely the case. If the mother’s wishes are 
unknown, who is responsible for deciding the 
fate of the fetus? Understanding the ethical con-
cepts involved herein is crucial in order to ana-
lyze the various factors involved in this complex 
decision-making process.

Various obstetric organizations have worked 
towards addressing some of these issues. The 
American College of Obstetricians and 
Gynecologists Ethics Committee and the 
International Federation of Gynecology and 
Obstetrics both consider the mother, not the fetus, 
the primary patient whose wishes take prece-
dence over consequences to the fetus [48, 54]. In 
the absence of an advanced directive, the FIGO 
recommends the most relevant surrogate make 
the decision whether to continue maternal 
somatic support, whether it be the spouse, adult 
child, or other next of kin. In cases of disagree-
ment between family members, the final verdict 
is delegated to court. Once the maternal wishes 
have been decided, the likelihood of fetal survival 
should be determined based on the aforemen-
tioned factors [54, 58].

Almost 60% the USA have established laws 
that protect the fetuses in cases of maternal 
injury, however, none address maternal brain 
death [57]. There are, however, a limited num-
ber of institutional brain-death policies address 
the issue of pregnancy [58]. Therefore, develop-
ing statutes that address the social and ethical 
challenges surrounding brain death in preg-
nancy is important for guiding clinical decision-
making and protecting physicians against 
medicolegal liability.

Considerations for neurocritical care of the 
expectant with brain death or others forms of 
altered consciousness are discussed in detail in 
Chap. 16.
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 Medicolegal Issues in the Fetus 
and the Newborn

 Hypoxic-Ischemic Encephalopathy

Hypoxic-ischemic encephalopathy (HIE) is the 
most common reason for medical litigation 
among pediatric lawsuits, with an average indem-
nity of $524,047 [1]. The general notion is that 
brain damage is caused by hypoxia during birth, 
which results in cerebral palsy (CP) or neurode-
velopmental delay. However, lawsuits involving 
HIE account for some of the most complex and 
challenging cases in the legal arena for a multi-
tude of reasons. First, establishing the timing and 
duration of asphyxia is of utmost importance. 
However, the ability to prove the time of occur-
rence of neonatal asphyxia remains elusive, and 
is limited by non-specific markers such as non- 
reassuring fetal heart activity, low scalp pH and 
diminished fetal movements. Indeed, the plain-
tiffs will try to prove that that asphyxia occurred 
intrapartum, while the defendant will claim that it 
occurred prenatally or after birth. The duration of 
the hypoxic insult is another critical factor. A 
window of 10–25 min is usually the standard in 
medicolegal cases [59]. In addition to the afore-
mentioned points, even if intrapartum asphyxia 
did occur, the absence of studies which establish 
the correlation between asphyxia and CP contin-
ues to plague these scenarios. Therefore, our 
understanding is remains based on observational 
[60–66] and animal studies [67, 68]. This is 
mainly due to the unfeasibility of performing 
studies on human fetuses. Moreover, the advent 
of therapeutic hypothermia for neuroprotection 
following HIE has opened the door for more law-
suit cases, such as claiming delayed initiation of 
hypothermic therapy [69].

As such, a number of practices can be adopted 
to help mitigate malpractice litigation in these 
cases [1]. The newborn’s status at birth should be 
documented in detail, including the degree of 
neonatal depression, muscular tone, reflexes, and 
the need for resuscitation. Recording the infant’s 
umbilical cord gases and the presence of micro-
cephaly can also be supportive. A joint task force 
between the American Academy of Pediatrics 

and the American College of Obstetricians and 
Gynecologists developed a checklist that aids in 
establishing a rational link between an intrapar-
tum asphyxia and the resultant neurologic injury 
[70]. Furthermore, it is important that physicians 
be aware of the facility’s lack of hypothermic 
capabilities, and if needed, coordinate with cen-
ters that could provide this therapy in a timely 
manner.

Imaging evaluation of neonatal hypoxic isch-
emic injury may be achieved through both intra-
cranial ultrasound and MRI, both of which can 
assist physicians in determining the onset of the 
initial injury as well as predicting overall progno-
sis. Neonatal ultrasound is often the initial imag-
ing study such situations due to its portability, 
low cost, and ability to easily be repeated, thus 
making it the practical first line choice for fragile 
neonates being monitored in intensive care set-
tings [71–73]. The delay of approximately 
24–48 h between the injury itself and the appear-
ance of detectable brain edema on ultrasound is 
one means by which physicians can attempt to 
time the initial injury [71, 73–76]. Some studies 
have even extended this time frame, suggesting 
that it may take up to 72 h for findings of HII to 
become apparent on ultrasound [76]. Thus most 
sources recommend obtaining an initial neonatal 
ultrasound within 24 h of birth, as this maximizes 
the ability to differentiate between hypoxic isch-
emic injuries that occurred in the prenatal period 
and those that occurred during the birth itself. For 
instance, positive findings on an ultrasound 
obtained at 12 h suggest that the injury occurred 
at least 24 h prior, and thus in utero rather than 
during the birth process.

However, ultrasound can be limited a com-
paratively low sensitivity for subtle findings of 
hypoxic ischemic injury as well as inter-operator 
variability [77, 78]. Magnetic resonance imaging 
represents the most sensitive imaging modality 
for evaluating hypoxic ischemic injury, and is 
thus the gold standard in this setting [71, 73, 79]. 
It is also another means by which physicians can 
attempt to differentiate between prepartum and 
intrapartum injuries—specifically, by evaluating 
findings on conventional T1/T2 MRI sequences 
and diffusion weighted imaging. It is important 
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to keep in mind that for this technique to be effec-
tive, MRI must be obtained after 24 h but within 
the first week of life. Specifically, the American 
College of Obstetricians and Gynecologists rec-
ommends an initial MRI for the purposes of tim-
ing the injury within the first 24–96 h of life, with 
a second MRI obtained later on at 7–21 days for 
purely prognostic purposes [80]. Some sources 
recommend obtaining an MRI at 3–5 days if only 
one MRI is to be performed, as this timeframe 
provides the best opportunity to obtain both tim-
ing and prognostic data in a single study [78, 81]. 
Despite this, many physicians choose to delay 
performing an initial MRI until after the first 
week, possibly due to a reluctance to transport 
such fragile neonates outside the strictly con-
trolled environment of the intensive care unit. 
Nevertheless, this hesitancy should be weighed 
again the fact that delaying MRI may result in a 
loss of valuable diagnostic information, which 
can have important legal implications in the set-
ting of a lawsuit. While some hospitals have 
begun implementing MRI machines in their neo-
natal ICU units, the practice has yet to become 
widespread [71].

Prognostic evaluation through both ultrasound 
and MRI is predicated on the fact that the brain 
preferably shunts oxygenated blood to highly met-
abolic deep brain structures when confronted with 
hypoxic ischemic injury, at the expense of more 
peripheral watershed zones [77, 78]. In severe 
hypoxic ischemic injury, these protective mecha-
nisms are overcome, and deep brain structures are 
unable to escape being damaged. Multiple studies 
have demonstrated that imaging patterns with 
involvement of these deep brain structures (includ-
ing the basal nuclei, thalami, and brainstem) indi-
cate that a more severe hypoxic ischemic injury 
has occurred, and patients with such imaging pat-
terns invariably demonstrate a poorer outcome 
[72, 75, 77, 80, 82–87].

 Cerebral Palsy

Cerebral palsy (CP) is one of the most common 
reasons behind obstetrician malpractice litigation 
in the USA, and 60% of obstetric malpractice 

insurance premiums are dedicated to CP allega-
tions [88, 89]. A diagnosis of CP puts a signifi-
cant emotional and financial burden on the family 
and child. It has been estimated that the lifetime 
care of a patient with CP in 2003 cost $921,000 
(approximately $1.2 million after adjustment for 
inflation) [90], which is one of the main motives 
behind seeking malpractice lawsuits. Typically, 
the plaintiff would attempt to prove, through 
expert testimonials, that the brain injury was 
caused by intrapartum asphyxia, and would have 
been prevented by timely cesarian delivery. 
However, that school of thought was replaced by 
studies showing that lack of oxygen during deliv-
ery causes only a minority of CP cases [91–94] 
and that prematurity, low birth weight, fetal 
stroke, and intrauterine infections are more 
important risk factors [95, 96]. Furthermore, 
none of these factors have a causal relationship 
with CP, rendering the etiology of CP in most 
legal cases undetermined. In addition, no evi-
dence currently exists that immediate delivery 
upon discovering any of the aforementioned 
stressors does, in fact, prevent or ameliorate CP 
[96–99]. While less than 10% of plaintiffs are 
awarded compensation, the process of malprac-
tice litigation is extremely stressful and cumber-
some, and the constant fear of litigation has 
driven many obstetricians to restrict their practice 
to gynecology or even leave the field [100], jeop-
ardizing access to obstetrical care [101].

A number of solutions can help solve the 
problem of CP litigation. In the article “Who Will 
Deliver Our Grandchildren? Implications of 
Cerebral Palsy Litigation” McLennan et al. out-
line a number of proposed solutions including 
hospital self-policing, establishment of special 
health courts and no-fault compensation systems, 
and increasing public awareness [99].

 Spina Bifida

Spina bifida (SB) is a neural tube defect that 
occurs due to failure of neural tube closure by 
28  days of gestation. It can take one of three 
forms. Spina bifida occulta, the most common 
type, involves a defect within the vertebral bodies 
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without exposure of neural tissue underlying 
intact skin. Hydrocephalus and hindbrain malfor-
mation are usually absent, and neurological 
symptoms minimal. On the other hand, the bony 
defect in spina bifida aperta is accompanied by 
herniation of the meninges (meningocele) or the 
meninges and spinal cord (myelomeningocele). 
Myelomeningocele is the most common neural 
tube defect. Depending on the level of the lesion, 
patients usually suffer motor and sensory deficits 
as severe as complete paralysis and urinary and 
fecal incontinence. Chiari II malformation is a 
classic association, accompanied with varying 
degrees of hydrocephalus [102]. Importantly, 
studies have shown that the neurological deficits 
associated with spina bifida worsen throughout 
pregnancy [103, 104]. The “two-hit” hypothesis 
posits that the worsening neurological symptoms 
are a result of the neural tube defect itself com-
bined with the neurotoxic effect of the amniotic 
fluid in utero [102, 105–107]. Fortunately, mater-
nal fetal surgery (MFS) which has been practiced 
for the past two decades has offered hope to these 
patients and their families [108]. Results from the 
2011 MOMS trial showed that earlier repair of 
the spina bifida carries better outcomes than post-
natal repair [109].

The diagnosis of spina bifida carries signifi-
cant psychological and social distress to the fam-
ily, and more so to the child later in life. A myriad 
of medicolegal and ethical issues arise when 
dealing with such cases. For example, missing an 
antenatal diagnosis of spina bifida may cause the 
family to seek claims. In rare cases, children born 
with developmental disabilities due to missed 
prenatal diagnoses that could have been other-
wise aborted, can sue the physician for a “wrong-
ful life.” Such legal cases have been honored in 
countries like the USA, France, and the 
Netherlands [110]. The notion of the fetus being 
a “potential person” independent from its mother 
is a topic of ongoing legal and philosophical 
debate to this day. Although parents cannot refuse 
treatment for a child, the mother in this instance 
cannot be forced to receive treatment to her fetus 
[111]. Furthermore, open MFS carries consider-
able maternal morbidity even in healthy mothers. 
The procedure poses risks not only during sur-

gery, but can jeopardize the course of the current 
and possibly future pregnancies as well. Due the 
complex nature that the decision-making process 
entails in these situations, it is extremely impor-
tant to conduct thorough, in-depth counseling 
with the family in a non-directive manner. This 
should be done by a multidisciplinary specialty 
team of obstetricians, pediatric neurologists, neu-
rosurgeons, psychologists and physiotherapists 
who are experienced in the field of spina bifida 
[110, 112]. Counselling should cover detailed 
discussions of the natural history of the condi-
tion, management options such as open fetal sur-
gery or termination of pregnancy, and the risks of 
the maternal fetal surgery.

The success of fetal and early postnatal care 
for patients with spina bifida has increased the 
number of individuals with these conditions 
seeking to become pregnant. This presents a 
unique clinical scenario which is discussed in 
detail in Chap. 35.

 Conclusion

The presence of a neurological disorder or injury 
during pregnancy presents a precarious situation 
in which treating obstetricians, neurosurgeons, 
neurologists, and other providers must carefully 
balance maternal and fetal well-being. The poten-
tial for ethical or legal concerns to arise is 
extremely high in these scenarios owing to the 
profound morbidity and mortality of neurological 
ailments and the desire for delivery of a healthy 
newborn. Multidisciplinary collaboration, 
detailed communication with the patient and 
their family, and consultation with institutional 
ethics boards are imperative to promoting posi-
tive outcomes and mitigating the risk of 
litigation.
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5Cardiovascular 
and Cerebrovascular Changes 
During Pregnancy

Manan Shah and Kiwon Lee

 Introduction

Pregnancy is a dynamic process associated with 
significant physiologic, and mostly reversible, 
changes in the cardiovascular and cerebrovascu-
lar systems. The maternal cardiovascular system 
has to adapt to growing demands of both mater-
nal and dynamic fetal circulations. Failure to 
meet these hemodynamic changes can result in 
maternal and fetal morbidity, as seen in pre-
eclampsia and intrauterine growth restriction. 
The adaptation of cerebral circulation in preg-
nancy is unique from other vascular beds because 
of the need for a constant blood supply and the 
relative intolerance to increase in blood volume. 
Compared with other organs, we have a limited 
understanding of the adaptation of the cerebral 
circulation to pregnancy and the underlying 
mechanisms that drive it. While the adaptation of 
the cerebral circulation to pregnancy provides for 
relatively normal cerebral blood flow and blood–
brain barrier (BBB) properties in the face of sub-
stantial cardiovascular changes and high levels of 

circulating factors, under pathologic conditions, 
these adaptations appear to promote greater brain 
injury, including edema formation during acute 
hypertension, and greater sensitivity to bacterial 
endotoxin [1]. This chapter aims to shed light on 
the critical maternal cardiovascular and cerebro-
vascular adaptations during different stages of 
pregnancy. The sound understanding of these 
physiologic adaptations will also provide insight 
into the unified pathogenesis behind several cere-
brovascular complications of pregnancy, dis-
cussed later in the chapter.

 Cardiovascular Changes

The goal of the cardiovascular changes that occur 
during pregnancy is to provide adequate utero- 
placental perfusion for fetal development without 
compromising maternal function. These changes 
are the result of complex interplay between the 
nervous system, circulating humoral factors, and 
functional and structural alterations that occur in 
the heart and the vascular tissue. The cardiovas-
cular adaptations in pregnancy begin early, per-
sist postpartum, and appear to be enhanced by a 
subsequent pregnancy [2].

The major hemodynamic changes during 
pregnancy are outlined in Table  5.1. These 
changes begin as early as 4–5 weeks of gestation 
and tend to plateau during the end of the second 
or early third trimesters [3]. Major hemodynamic 
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Table 5.1 Cardiovascular changes during pregnancy

Parameter Adaptation Peak effect
Time of peak 
adaptation Comment

Blood 
pressure

↓ (−)10 mm 24 weeks ↓↓DBP > ↓SBP

SVR ↓↓ (−)20–30% 16–20 weeks –
Blood volume ↑↑↑↑ (+)40–60% 28–34 weeks Affected by RAAS activation, circulating pregnancy 

hormones
Plasma 
volume

↑↑↑↑ (+)40–60% 28–34 weeks –

RBC volume ↑↑ (+)20–30% Term ↑ Erythropoietin production, physiologic anemia of 
pregnancy

Cardiac 
output

↑↑↑↑↑ (+)50% 24 weeks Altered by maternal positioning during third trimester, 
↑ during labor and immediate postpartum due to 
autotransfusion

Stroke 
volume

↑↑ (+)25–30% 16–24 weeks ↑ Preload

Heart rate ↑↑ (+)10–20 
beats/min

32 weeks –

Ventricular 
mass

↑↑↑↑ Term –

Left (+)52%, 
(+)40%Right

Contractility ↔ – – ↔ejection fraction

DBP diastolic blood pressure, RAAS Renin-Angiotensin-Aldosterone system, SBP systolic blood pressure, SVR sys-
temic vascular resistance. ↑/(+) suggests relative increase, ↓/(−) suggests relative decrease and ↔ suggests no change 
in parameters from their pre-pregnancy values

changes include changes in blood pressure (BP), 
systemic vascular resistance (SVR), total blood 
volume (TBV), plasma volume, red blood cell 
(RBC) volume, cardiac output (CO), stroke 
 volume (SV), heart rate (HR), and cardiac 
contractility.

 Blood Pressure

Arterial pressures reach a nadir during the second 
trimester with the average mean arterial pressure 
(MAP) drop being about 10 mmHg, the majority 
of which occurs early in pregnancy (6–8 weeks 
of gestational age) [4]. In general, diastolic blood 
pressure (DBP) and MAP decline more than sys-
tolic blood pressure (SBP) during pregnancy. The 
reduction in blood pressure is thought to be 
related to the vasodilatory effect of nitric oxide 
(NO) as well as hormonal and other factors such 
as prostacyclin and relaxin that mediate a 
decrease in peripheral vascular resistance [5]. 

Arterial pressures start to increase during third 
trimester and return close to pre-pregnancy val-
ues during the postpartum period. Although the 
majority of studies have reported similar changes 
in BP during pregnancy, some have instead 
reported increase in blood pressure throughout 
gestation [6].

 Systemic Vascular Resistance

The reduction in SVR begins as early as 5 weeks 
of gestation and reaches a nadir by the middle of 
the second trimester (16–20 weeks) with subse-
quent plateau or slight increase for the remainder 
of pregnancy [7]. There is about 20–30% reduc-
tion in SVR from baseline. The SVR increases 
significantly postpartum, however, it may not 
return to its pre-pregnancy value until 1-year 
postpartum [2]. The decreased vascular resis-
tance is due to softening of collagen fibers and 
hypertrophy of smooth muscle, systemic vasodi-
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latation due to circulating progesterone and pros-
taglandins, and the addition of low-resistance 
utero-placental circulation [3, 5, 8].

 Total Blood Volume, Plasma Volume, 
and Red Blood Cell Volume

Total blood volume (TBV) is a combination of 
plasma volume and RBC volume. All three 
parameters undergo significant increase during 
pregnancy [9, 10]. The increase in circulating 
TBV begins by 6 weeks of gestation, increases 
rapidly by mid-pregnancy and then rises more 
slowly during the later half. Peak TBV is 
approached between 28 and 34 weeks, following 
which it plateaus or decreases slightly to term. 
Plasma volume contributes to about 75% of total 
blood volume. The increase in plasma volume 
parallels that of TBV with both increasing by 
40–60% of their respective nonpregnancy values 
[5, 8].

Both blood and plasma volume changes are 
influenced by circulating hormone effects, NO 
mediated vasodilatation, mechanical factors 
(blood flow in utero-placental vessels) and 
changes in the renal system leading to alterations 
in fluid and electrolyte homeostasis. In a normal 
pregnancy, there is substantial activation of the 
renin-angiotensin-aldosterone system (RAAS). 
The enhanced activity of RAAS occurs early in 
pregnancy, with increases in plasma volume 
starting at 6–8  weeks and rising progressively 
until 28–30  weeks. This activation maintains 
blood pressure and helps retain salt and water 
throughout gestation [11]. Furthermore, during 
pregnancy, relaxin stimulates increased vasopres-
sin secretion and thirst, resulting in enhanced 
water retention. Despite the increase in exchange-
able sodium, overall plasma osmolality is reduced 
and the hyponatremic hypervolemia of pregnancy 
ensues [12].

Red blood cell production and thus volume 
increases throughout pregnancy to a level that is 
20–30% higher than nonpregnant values. The 
change in RBC volume is mediated by increased 
production of maternal erythropoietin, which 
itself is stimulated by circulating progesterone, 

prolactin and placental lactogen [13]. The expan-
sion of plasma volume, however, outpaces RBC 
volume expansion, causing hemodilution and 
resultant physiologic anemia of pregnancy with 
hemoglobin values as low as 11 g/dl [7].

 Cardiac Output, Stroke Volume, 
and Heart Rate

Changes in HR and SV are reported as early as 5 
and 8  weeks of gestation, respectively. SV 
reaches its peak value of 25–30% above prepreg-
nant values by 16–24 weeks of gestation [5, 14]. 
SV subsequently declines during the third trimes-
ter and returns to the prepregnant range at term. 
The changes in SV are likely due to increased 
ventricular muscle mass and end-diastolic vol-
ume changes. Unlike other cardiovascular param-
eters, HR increases progressively throughout the 
pregnancy by 10–20 beats per minute, reaching a 
maximum in the third trimester at around 
32 weeks of gestation [4, 7]. HR becomes a dom-
inant factor in determining cardiac output during 
the later half of pregnancy.

CO, the product of SV and HR, is one of the 
most significant cardiovascular changes encoun-
tered during pregnancy. CO measurements are 
typically made with the mother in the left lateral 
decubitus position to avoid positional variation. 
CO is significantly increased during the first tri-
mester, with 125% of the pre-pregnancy values 
occurring by 8  weeks of gestation. It peaks to 
about 50% above the pre-pregnancy values by 
24 weeks of gestation [2, 15]. The third trimester 
has been associated with significant discrepan-
cies in the pattern of CO adaptation, with either a 
continual increase, decrease or plateau within the 
final weeks of gestation [16]. A recent large 
meta-analysis in 2016 distilled this data and 
showed that peak CO is achieved in the early 
third trimester, followed by a decrease towards 
term. One explanation for this pattern could be 
that compression of the inferior vena cava (IVC) 
as a result of considerable and progressive fetal 
growth occurring during the third trimester nega-
tively affects venous return. In addition, blood 
flow to the utero-placental circulation is at its 
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peak (approximately 12% of total CO) during the 
late third trimester in order to meet fetal meta-
bolic demands [17, 18]. Both factors could con-
tribute to a reduced cardiac preload and, therefore, 
a drop in CO during the late third trimester [19]. 
Change in maternal body position (especially in 
the third trimester) causes marked fluctuation in 
CO, with a 25–30% drop noted after a change 
from the left lateral decubitus to supine position-
ing. This drop is due to marked compression of 
the IVC by the gravid third trimester uterus, 
which causes a decrease in venous return, SV, 
and thus CO.  A progressive rise in CO is seen 
during the intrapartum period, peaking to 50% 
above pregnancy values during the second stage 
of labor. This increase in CO is caused by 
increases in both HR and SV, contributed to by 
(1) sympthathetic stimulation induced by pain 
and exertion, (2) uterine contraction causing 
enhanced venous return, and (3) increased circu-
lating blood volume. Overall, CO increases 
approximately 60–80% above prelabor values 
immediately after delivery, caused by relieved 
IVC compression and autotransfusion (of up to 
500 ml blood) from the utero-placental circula-
tion during placental separation. Cardiac output 
remains elevated for at least 48 h postpartum and 
gradually decreases to nonpregnant values by 
6–12 weeks in the majority of women [5, 20].

 Cardiac Remodeling and Contractility

During pregnancy, TBV expansion leads to an 
increase in ventricular preload and compensatory 
structural changes in the left ventricle (LV). Left 
ventricular wall thickness and wall mass increase 
by up to 28% and 52% of nonpregnant values, 
throughout the pregnancy, respectively [21]. 
Similarly, right ventricular (RV) mass seems to 
increase by 40% of nonpregnant values as mea-
sured by newer cardiac magnetic resonance 
imaging (MRI) techniques [22]. Progesterone 
has been shown to increase protein synthesis in 
cardiac muscle and can cause cardiomyocyte 
hypertrophy [23]. Physiologic hypertrophy of the 
ventricle is supported by coronary angiogenesis 
which is driven by placenta-derived vascular 

endothelial growth factor (VEGF) [24]. 
Interestingly, in spite of the significant alteration 
in multiple cardiovascular parameters, myocar-
dial contractility and LV/RV ejection fractions do 
not seem to change during pregnancy [22].

Overall, the cardiovascular adaptations during 
pregnancy begin early, peak by the end of the sec-
ond trimester and persist through the puerperium. 
Notably, these adaptations appear to be enhanced 
during subsequent pregnancies, suggesting the 
possibility of sustained improved compliance of 
the cardiovascular system from pregnancy [2]. It 
remains to be seen if this alteration in compliance 
has any long-term beneficial effects on the car-
diovascular health of multiparous women.

 Cerebrovascular Changes

The cerebrovascular changes during pregnancy 
are unique among all of the systemic hemody-
namic changes associated with this period. The 
brain has a relatively narrow capacity to tolerate 
changes in ion and water balance, and blood flow 
[25]. Being enclosed in the rigid container that is 
the skull, the brain is intolerant of any significant 
volume change. Therefore, any increase in vascu-
lar permeability or volume could result in detri-
mentally elevated intracranial pressure (ICP) that 
can cause serious neurological symptoms, brain 
herniation, and even death. Therefore, it is imper-
ative that the cerebrovascular system adapts 
throughout pregnancy to maintain relatively nor-
mal blood flow and water flux in the face of a 
40–60% increase in plasma volume and cardiac 
output. Unfortunately, there is a lack of robust 
information regarding cerebrovascular adapta-
tions during pregnancy due to limitations in per-
forming studies on cerebral blood flow (CBF) 
and cerebrovascular structure in human pregnant 
subjects. As such, animal models have been the 
primary source of data for characterizing the 
adaption of the cerebral circulation to pregnancy. 
Throughout this chapter, the effect of pregnancy 
on several aspects of the cerebral circulation will 
be discussed, including hemodynamics, cerebral 
autoregulation, and structure of the cerebral vas-
culature and BBB. This comprehensive review of 

M. Shah and K. Lee



121

Table 5.2 Summary of cerebrovascular changes during 
pregnancy

Adaptations
Cerebral blood 
flow

Probably unchanged

Cerebral 
autoregulation

Enhanced autoregulation, 
bi-directional extension of 
autoregulatory curve

Cerebral 
vascular 
resistance

Decreased

Vascular 
structural 
changes

Increased pial arterial reactivity to 
vasodilatation, outward hypotrophic 
remodeling of parenchymal arterioles 
and cerebral veins, increased 
capillary density

Blood brain 
barrier

No change in permeability, increased 
expression of efflux transporter 
protein

physiologic adaptations will lay the foundation 
for our understanding of several cerebrovascular 
complications encountered during pregnancy 
(Table 5.2).

 Cerebral Blood Flow and Cerebral 
Autoregulation

The measurement of CBF in pregnant patients 
poses a unique challenge, as gold standard tech-
niques including single photo emission comput-
erized tomography (SPECT), positron emission 
tomography, stable xenon computerized tomog-
raphy, and/or xenon 133 clearance techniques, 
employ ionizing radiation and therefore cannot 
be used. The non-invasive transcranial Doppler 
(TCD) has been increasingly used to estimate 
blood flow velocity, as a correlate for CBF, in 
human pregnancy studies [26–31]. Unfortunately, 
the results of these studies are of limited value 
since the correlation between blood flow veloci-
ties and CBF is not linear, especially during preg-
nancy where vascular tone is lower than in 
nonpregnant women. Some studies have used 
angle-independent dual-beam ultrasound with 
digital doppler to measure blood flow volume 
(BFV) in the internal carotid artery (ICA), as a 
correlate for CBF in the corresponding hemi-
sphere. One such study found an increase in cor-

responding CBF values from 44.4 ml/100 g/min 
in the first trimester to 51.8 ml/100 g/min in third 
trimester [32]. More recently, velocity-encoded 
phase contrast MRI has been used for accurate 
determination of absolute blood flow in the intra-
cranial, renal, and cardiopulmonary circulations 
[33–36]. Zeeman et al. found a ~20% decrease in 
CBF using this imaging technique for the middle 
cerebral (MCA) and posterior cerebral arteries 
(PCA) in ten pregnant women [37]. One very 
recent study using TCD showed lower blood flow 
velocity prior to delivery which increased to non-
pregnant values a day after delivery [38]. The dis-
crepancy in CBF values, reported in these studies, 
highlight the difficultly in measuring CBF in 
pregnant women. Several animal studies have 
shown absolute changes in CBF during preg-
nancy using invasive microsphere techniques 
[39–41]. One animal study in sheep showed 
decrease in CBF during late-pregnancy, [39] 
while another study in rats found little change in 
CBF at late-gestation compared with their non-
pregnant counterparts [41]. Overall, CBF values 
show no to minimal changes during pregnancy.

This phenomenon may be explained by cere-
bral autoregulation, an important mechanism that 
ensures relatively constant blood supply during 
fluctuation in cerebral perfusion pressure (CPP), 
the parameter which closely follows MAP 
changes during pregnancy [Recall: 
CPP  =  MAP  −  ICP]. In normotensive adults, 
CBF is ~50 ml/100 g/min provided that cerebral 
perfusion pressure is between ~60 and 160 mmHg 
[42, 43]. CBF becomes dependent on perfusion 
pressure linearly, above and below these CPP 
limits. The autoregulatory capacity can be 
assessed by using a combination of TCD and 
continuous non-invasive blood pressure measure-
ment, and it is often expressed as the autoregula-
tion index (ARI), with 0 being absent and 9 being 
perfect cerebral autoregulation [44]. Cerebral 
autoregulation appears to remain intact during 
normal pregnancy [45, 46]. In fact, a recent study 
by Van et al. showed further enhanced autoregu-
lation capacity during the second half of preg-
nancy compared with nonpregnant women [47]. 
In this case, pregnancy appears to extend both the 
upper and the lower limits of the CBF autoregula-
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tory curve (Fig. 5.1). This effect on the autoregu-
latory curve is confirmed in animal studies by 
inducing hypotension through controlled hemor-
rhage or hypertension by phenylephrine infusion 
in pregnant rats, coupled with continuous CBF 
measurements using laser Doppler flowmetry 
[48, 49]. This bi-directional extension of the 
autoregulatory curve is designed to provide pro-
tection against acute hypotension or hypertension 
episodes, especially those associated with partu-
rition [50]. One explanation for the observed 
maintenance and/or enhancement of cerebral 
autoregulation during pregnancy might be the 
increasing concentrations of estrogen and pro-
gesterone, which have important protective 
effects on endothelial function and cerebrovascu-
lar health [51, 52]. For example, estrogens are 
shown to increase cerebrovascular reactivity, [52] 
and have a direct vasodilator effect on the micro-
vasculature. Other factors that might be involved 
in the enhancement of autoregulatory capacity 
might include the RAAS [53], perivascular inner-
vation, vascular structure, or cytokines. 
Interestingly, all of these factors are known to be 

altered in preeclampsia, a condition character-
ized by impaired cerebrovascular regulation dur-
ing pregnancy [1].

 Cerebral Vascular Resistance 
and Vascular Structural Changes

Cerebral vascular resistance is an important fac-
tor that drives changes in CBF and thus influ-
ences cerebral autoregulation during pregnancy. 
Pregnant women appear to have higher diastolic 
velocity and lower cerebrovascular resistance in 
small-diameter cerebral arterioles, but not in 
larger cerebral arteries [54]. This selective change 
is related to different degrees of myogenic and 
chemical adaptations in arteries, arterioles, and 
capillary beds.

Cerebral pial arteries undergo minimal struc-
tural changes during pregnancy. They appear to 
have no change in basal myogenic tone during 
pregnancy, however, they do show enhanced 
myogenic response to changes in intravascular 
pressure. Relatedly, cerebral arteries from preg-
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nant rats had an exaggerated vasodilatation 
response to decreased intravascular pressure 
[48]. This exaggerated response is driven by 
increased sensitivity to nitric oxide (NO) and/or 
increased expression of inducible nitric oxide 
synthase (iNOS) on cerebral arteries during preg-
nancy [55].

The cerebral vasculature, like many other 
organ systems, undergo structural remodeling to 
accommodate physiologic adaptations of preg-
nancy, albeit in a selective manner. Only brain 
parenchymal arterioles that branch off pial 
arteries and perfuse the brain tissue, undergo 
outward hypotrophic remodeling during preg-
nancy, resulting in a larger vascular lumen and 
thinner vessel wall than in the nonpregnant state 
[41]. This selective remodeling is driven by 
increased peroxisome proliferator-activated 
receptor gamma (PPARγ) activation by circulat-
ing hormone relaxin. Relaxin, produced by the 
placenta during pregnancy, crosses the BBB and 
is thought to activate PPARγ on astrocytes and 
neurons, which in turn exert a paracrine effect 
on parenchymal arterioles to drive outward 
remodeling. This does not occur in pial vessels 
as they are not in direct contact of parenchymal 
cells [56]. The same mechanism is also linked to 
an increase in capillary density in the posterior 
cerebral cortex [41].

In conclusion, the combination of structural 
remodeling of parenchymal arterioles and 
increased capillary density coupled with physio-
logic anemia of pregnancy lead to decreased 
cerebral vascular resistance and potential for 
increased CBF. However, pial vessels resist any 
structural alteration and act as gate keeper in 
maintaining physiologic CBF.  The enhanced 
reactivity of these vessels to vasodilatation is 
important for protecting the brain against hypo-
tensive insults, especially those that may be 
encountered during parturition.

 The Cerebral Veins

Unlike the arterial side of the vasculature, in 
which blood is constantly in transit, 70–80% of 
cerebral blood volume resides on the venous side 

[57]. Therefore, changes in venous outflow can 
significantly affect cerebral blood volume and 
intracranial pressure. However, how pregnancy 
changes cerebral veins in addition to its effect on 
the coagulation cascade remain largely unknown. 
A recent study investigated the vein of Galen dur-
ing pregnancy and found a decreased level of 
basal tone in the smooth muscle layer of the vein 
during pregnancy compared to the nonpregnant 
state. The veins also seem to undergo outward 
hypotrophic remodeling, similar to arterioles 
[58]. The combined effect of the above-described 
changes may promote venous pooling or stasis. 
The venous stasis and hypercoagulable state of 
pregnancy are responsible for the increased inci-
dence of complications such as cerebral venous 
thrombosis, venous infarct, and intracerebral 
hemorrhage.

 Blood–Brain Barrier Alteration

The BBB, formed by a unique capillary endothe-
lium expressing high levels of tight junctions that 
is encircled by astrocytic end-feet and pericytes, 
is a complex interface that protects the delicate 
cerebral milieu by tightly regulating passage of 
molecules, including water. BBB permeability is 
modulated by limiting paracellular and transcel-
lular passage across the capillary endothelium 
owing to its unique properties such as high elec-
trical resistance tight junctions, lack of fenestra-
tions, and low rate of pinocytosis [59, 60]. 
Notably, BBB permeability does not increase 
during pregnancy nor does pregnancy seem to 
affect expression of mRNA encoding tight junc-
tion proteins [41]. Moreover, hydraulic conduc-
tivity, referring to water movement through the 
vessel wall in response to hydrostatic pressure, is 
maintained very low within the CNS and remains 
unchanged during pregnancy [61].

Pregnancy is, however, associated with a 
marked increase in circulating permeability fac-
tors to which the cerebral vasculature must 
become adapted. For example, VEGF and pla-
cental growth factor (PlGF), which are critical 
factors required for successful pregnancy, are 
secreted in large amounts by the placenta [62, 
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63]. Both are potent vasodilators and increase 
peripheral vascular permeability to serum protein 
and macromolecules, in preparation for angio-
genesis. The prevention of these permeability 
factors from altering BBB integrity is, therefore, 
a critical adaptation to ensure maintenance of 
brain homeostasis. Interestingly, despite elevated 
circulating VEGF and PlGF during pregnancy, 
exposure of cerebral vessels to pregnant plasma 
or serum does not increase BBB permeability. In 
fact, plasma from late-gestation rats prevents 
VEGF-induced increases in BBB permeability, 
[64] likely due to increased levels of soluble fms- 
like tyrosine kinase 1 (sFlt-1). The selective bind-
ing of VEGF and PlGF to sFlt-1 is important for 
regulating their bioavailability, thus limiting the 
permeability-promoting effects at the BBB dur-
ing pregnancy [65]. Additionally, increased 
expression of efflux transporter proteins such as 
p-glycoprotein during pregnancy prevents pas-
sage of circulating factors.

In addition to increased circulating factors, 
pregnancy is associated with production of large 
amounts of hormones and pro-inflammatory 
cytokines that have seizure-provoking potential. 
For example, neurons analyzed via in vitro slice 
culture studies in nonpregnant rat brains showed 
hyperexcitability upon exposure to serum from 
late-gestation rats without any seizure history 
[61]. Thus, preservation of BBB properties and 
adaptation of efflux transporters also seem to pro-
vide protection from potential seizure-inducing 
agents as well.

 Pathophysiology 
of Cerebrovascular Complications 
During Pregnancy

Pregnancy has been considered the ultimate 
stress test for women. The cerebrovascular 
changes accompanying pregnancy represent vital 
protective mechanisms that ensure homeostasis 
of cerebral blood flow and the brain milieu in the 
face of adverse hemodynamic scenarios encoun-
tered throughout pregnancy and more impor-
tantly during parturition. However, these 
adaptations are also complicit in the pathogenesis 

of several cerebrovascular complications of preg-
nancy such as posterior reversible encephalopa-
thy syndrome (PRES), preeclampsia/eclampsia, 
peripartum angiopathy (PPA), and reversible 
cerebral vasoconstriction syndrome (RCVS), 
which can lead to cerebral infarction, intracere-
bral hemorrhage, and/or seizures. The relation-
ship between cerebrovascular adaptations and 
these pathologies are discussed briefly below and 
in detail in dedicated chapters of this text.

 Placental Ischemia Model

The placental ischemia model is one of the 
widely cited theoretical models that integrates 
currently available clinical and basic science data 
to explain cerebrovascular dysfunction during 
preeclampsia. Cerebrovascular dysfunction, cou-
pled with endothelial dysfunction, seem to be a 
central mechanism in the pathogenesis of neuro-
logic manifestations of preeclampsia/eclampsia, 
including PRES.  Placental ischemia, caused by 
impairments in spiral artery remodeling, preex-
isting maternal vascular disease, or other factors, 
leads to production of antiangiogenic factors 
including TNF-α and sFlt-1. These factors, espe-
cially TNF-α, can act on vascular smooth mus-
cles and perturb myogenic tone, leading to 
derangement in cerebral autoregulation [66] 
(Fig. 5.2). This effect is confirmed in a clinical 
study by van Veen et al., where women with pre-
eclampsia had impaired dynamic CBF and an 
overall lower dynamic cerebral autoregulatory 
index compared to the healthy pregnancy group 
[67]. Failure of cerebral blood vessels to auto-
regulate in response to increases in blood pres-
sure leads to forced dilatation of cerebral arteries 
and increase in CPP. The outward hypotrophic 
remodeling of parenchymal arterioles transmits 
increased hydrostatic pressure further down-
stream causing cerebral hyperperfusion and 
increased BBB permeability due to increased 
hydraulic conductivity [41]. The elevated circu-
lating vasoactive factors, as described by the pla-
cental ischemia model, then trigger endothelial 
dysfunction and widespread BBB disruption. 
These processes lead to cerebral vasogenic 
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Fig. 5.2 Postulated 
mechanism for 
cerebrovascular 
dysfunction in 
preeclampsia. BBB 
blood-brain barrier, CBF 
cerebral blood flow, 
sFlt-1 soluble fms-like 
tyrosine kinase 1, TNF-α 
tumor necrosis 
factor-alpha. (Reprinted 
from Curr Hypertens 
Rep. 2019 Jul 
1;21(7):1–8(66))

edema, encountered in states such as preeclamp-
sia, eclampsia, and PRES.

From the cerebral perfusion standpoint, a type 
of cerebral hyperperfusion syndrome occurs dur-
ing these disease states which lead to predomi-
nantly white matter congestion. The edema and 
concomitant disruption of the cerebral 
 microenvironment may cause seizure, a common 
manifestation in PRES and eclampsia. An 
increase in peri-neural trigeminal innervation of 
posterior cerebral arteries (PCA) may also be 
related to the appearance of headache during 

PRES. [1, 68] Due to endothelial cell activation, 
fibrinoid necrosis of the vessels may occur lead-
ing to bursting of delicate microvessels with sub-
sequent microhemorrhages, particularly in the 
setting of generalized tonic-clonic seizure and 
concomitant neurovascular coupling-mediated 
local vasodilation. Similarly, the absence of 
endothelial-derived vasodilatory factors may lead 
to vasospasm, resulting in cerebral ischemia. The 
findings of cerebral artery narrowing, similar to 
RCVS, on vascular imaging studies is seen in 
over half the patients who present with eclampsia 
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and PRES, which further suggests a unifying dis-
ease process in these conditions [69].

 Posterior Reversible Encephalopathy 
Syndrome

PRES was first described as reversible posterior 
leukoencephalopathy syndrome (RPLS) in 1996 
by Hinchey et al. [70], in association with acute 
hypertension, eclampsia, renal disease, sepsis, 
and immunosuppressant therapy. The exact inci-
dence of PRES in pregnancy remains unknown, 
however, multiple studies have confirmed that 
nearly all patients with eclampsia have clinical 
and radiologic findings of PRES. [71–73] PRES 
is, increasingly, being considered an anatomic 
substrate of eclampsia with overlapping clinical/
radiologic findings and shared pathogenesis 
(described above). It is characterized by a variety 
of neurological symptoms, including headache, 
seizures, visual abnormalities, altered mental sta-
tus and sometimes, focal deficits such as hemipa-
resis. Cases of pregnancy-related PRES usually 
have milder symptoms like headache and visual 
disturbances when compared to nonpregnancy- 
related PRES. [64] Multiple small studies have 
reported a 15–25% incidence of intracranial 
hemorrhage in pregnancy-related PRES, the 
majority of which are either multifocal intrapa-
renchymal hemorrhage or sulcal subarachnoid 
hemorrhage [64, 71, 74]. Although the majority 
of PRES cases have a history of abrupt hyperten-
sion, 15–20% of patients with PRES are normo-
tensive or hypotensive, and even among those 
who are hypertensive, less than 50% have a docu-
mented MAP above the classically quoted upper 
limit of CBF autoregulation [75]. Therefore, the 
incitement of endothelial dysfunction by vasoac-
tive substances in preeclampsia, as described in 
the placental ischemia model, might explain the 
development of PRES in the absence of hyper-
tension. The hallmark radiologic findings of 
PRES include reversible T2/FLAIR hyperinten-
sities on brain MRI, typically located in bilateral 
parieto-occipital areas and subcortical white mat-
ter, suggestive of vasogenic edema.

Frontal lobe involvement has also been report-
edly frequently, usually in the posterior portion 
of the superior frontal gyrus (anterior cerebral 
artery distribution) and the precentral gyrus 
(middle cerebral artery distribution) [76]. The 
predilection for edema in the subcortical white 
matter of the posterior circulation is thought to be 
due to the relatively low density of vasoconstrict-
ing sympathetic receptors in the vessels of the 
posterior circulation [76]. The edematous lesions 
in pregnancy-related PRES less commonly 
involve the brain stem and follow-up imaging 
shows resolution of edema in nearly all cases 
within 2 weeks. The overall clinical recovery rate 
tends to be better in PRES associated with preg-
nancy compared to that occurring in nonpregnant 
cohorts. Preeclampsia, eclampsia, and PRES are 
discussed in detail in Chaps. 23 and 33.

 Conclusion

Cardiovascular and cerebrovascular changes are 
arguably the most important physiologic adapta-
tions occurring within the maternal body, after 
utero-placental circulation. While the majority of 
cardiovascular parameters increase through the 
pregnancy and are aimed to accommodate grow-
ing maternal and fetal needs, the cerebrovascular 
changes tend to preserve normalcy of cerebral 
blood flow in order to protect the brain microen-
vironment. Knowledge of these physiologic 
changes is essential to achieving a better under-
standing of several cardiac and neurological 
complications that can result in substantial 
maternal-fetal morbidity and mortality.

References

1. Cipolla MJ. The adaptation of the cerebral circulation 
to pregnancy: mechanisms and consequences. J Cereb 
Blood Flow Metab. 2013;33:465–78.

2. Clapp JF, Capeless E. Cardiovascular function before, 
during, and after the first and subsequent pregnancies. 
Am J Cardiol. 1997;80:1469.

3. Fu Q, Levine BD.  Autonomic circulatory control 
during pregnancy in humans. Semin Reprod Med. 
2009;27(4):330–7.

M. Shah and K. Lee



127

4. Mahendru AA, Everett TR, Wilkinson IB, Lees CC, 
McEniery CM. A longitudinal study of maternal car-
diovascular function from preconception to the post-
partum period. J Hypertens. 2014;32(4):849–56.

5. Blackburn S. Maternal, fetal, & neonatal physiology. 
4th ed. Elsevier; 2012.

6. Nama V, Antonios TF, Onwude J, Manyonda IT. Mid- 
trimester blood pressure drop in normal pregnancy: 
myth or reality? J Hypertens. 2011;29(4):763–8.

7. Sanghavi M, Rutherford JD. Cardiovascular physiol-
ogy of pregnancy. Circulation. 2014;130(12):1003–8.

8. Monga M. Maternal cardiovascular, respiratory, renal 
adaptation to pregnancy in Maternal–fetal medicine: 
principles and practice. 6th ed. Creasy R, Resnik R, 
Iams JD, Lockwood C, Moore TR, editors. Elsevier; 
2009.

9. Pritchard JA.  Changes in the blood volume dur-
ing pregnancy and delivery. Anesthesiology. 
1965;26:393–9.

10. Chesley LC. Plasma and red cell volumes during preg-
nancy. Am J Obstet Gynecol. 1972;112(3):440–50.

11. Lumbers ER, Pringle KG.  Roles of the circulating 
renin-angiotensin-aldosterone system in human preg-
nancy. Am J Physiol Regul Integr Comp Physiol. 
2014;306:91–101.

12. Brunton PJ, Arunachalam S, Russell JA.  Control of 
neurohypophysial hormone secretion, blood osmolal-
ity and volume in pregnancy. J Physiol Pharmacol. 
2008;59:27.

13. Jepson JH, Montreal MA.  Endocrine control of 
maternal and fetal erythropoiesis. Can Med Assoc J. 
1968;98:844.

14. Roberts J, Cunningham F, Lindheimer M. Chesley’s 
hypertensive disorders in pregnancy. 2nd ed. 
NewYork: Appleton and Lange; 1999.

15. Robson SC, Hunter S, Boys RJ, Dunlop W.  Serial 
study of factors influencing changes in cardiac 
output during human pregnancy. Am J Physiol. 
1989;256(4):H1060.

16. Bader RA, Bader ME, Rose DJ, Braunwald 
E. Hemodynamics at rest and during exercise in nor-
mal pregnancy as studied by cardiac catheterization. J 
Clin Invest. 1955;34(10):1524–36.

17. Thaler I, Manor D, Itskovitz J, Rottem S, Levit N, 
Timor-Tritsch I, et al. Changes in uterine blood flow 
during human pregnancy. Am J Obstet Gynecol. 
1990;162(1):121–5.

18. Dowell R, Kauer C.  Maternal hemodynamics and 
uteroplacental blood flow throughout gestation in 
conscious rats. Methods Find Exp Clin Pharmacol. 
1997;19:613–25.

19. Meah VL, Cockcroft JR, Backx K, Shave R, Stöhr 
EJ. Cardiac output and related haemodynamics dur-
ing pregnancy: a series of meta-analyses. Heart. 
2016;102(7):518–26.

20. Abbas AE, Lester SJ, Connolly H.  Pregnancy 
and the cardiovascular system. Int J Cardiol. 
2005;98:179–89.

21. Robson SC, Dunlop W, Moore M, Hunter 
S.  Haemodynamic changes during the puerperium: 

a Doppler and M-mode echocardiographic study. 
BJOG. 1987;94(11):1028–39.

22. Ducas RA, Elliott JE, Melnyk SF, Premecz S, Dasilva 
M, Cleverley K, et  al. Cardiovascular magnetic 
resonance in pregnancy: insights from the cardiac 
hemodynamic imaging and remodeling in preg-
nancy (CHIRP) study. J Cardiovasc Magn Reson. 
2014;16(1):1.

23. Goldstein J, Sites CK, Toth MJ. Progesterone stimu-
lates cardiac muscle protein synthesis via receptor- 
dependent pathway. Fertil Steril. 2004;82(2):430–6.

24. Umar S, Nadadur R, Iorga A, Amjedi M, Matori H, 
Eghbali M.  Cardiac structural and hemodynamic 
changes associated with physiological heart hyper-
trophy of pregnancy are reversed postpartum. J Appl 
Physiol. 2012;113(8):1253–9.

25. Siegel GJ, Albers RW, Brady ST, Price DL. Basic neu-
rochemistry: molecular, cellular, and medical aspects. 
Am J Neuroradiol. 2006;27(2):465.

26. Belfort M, Giannina G, Herd JA.  Transcranial and 
orbital Doppler ultrasound in normal pregnancy and 
preeclampsia. Clin Obstet Gynecol. 1999;42(3):479.

27. Belfort MA, Tooke-Miller C, Allen JC, Saade GR, 
Dildy GA, Grunewald C, et  al. Changes in flow 
velocity, resistance indices, and cerebral perfusion 
pressure in the maternal middle cerebral artery distri-
bution during normal pregnancy. Acta Obstet Gynecol 
Scand. 2001;80(2):104–12.

28. Williams K, MacLean C. Transcranial assessment of 
maternal cerebral blood flow velocity in normal vs. 
hypertensive states. Variations with maternal posture. 
J Reprod Med. 1994;39(9):685–8.

29. Broderick J, Brott T, Zuccarello M.  Management 
of intracerebral hemorrhage. In: Batjer HH, editor. 
Cerebrovascular disease. Philadelphia: Lippincott- 
Raven; 1997. p. 611–27.

30. Demarin V, Rundek T, Hodek B.  Maternal cerebral 
circulation in normal and abnormal pregnancies. Acta 
Obstet Gynecol Scand. 1997;76(7):619–24.

31. Zunker P, Happe S, Georgiadis AL, Louwen F, 
Georgiadis D, Ringelstein EB, et al. Maternal cerebral 
hemodynamics in pregnancy-related hypertension. A 
prospective transcranial Doppler study. Ultrasound 
Obstet Gynecol. 2000;16(2):179–87.

32. Nevo O, Soustiel JF, Thaler I. Maternal cerebral blood 
flow during normal pregnancy: a cross-sectional 
study. Am J Obstet Gynecol. 2010;203:475.e1–6.

33. Marks MP, Pelc NJ, Ross MR, Enzmann 
DR.  Determination of cerebral blood flow with a 
phase-contrast cine MR imaging technique: evalua-
tion of normal subjects and patients with arteriove-
nous malformations. Radiology. 1992;182(2):467–76.

34. Enzmann DR, Marks MP, Pelc NJ.  Comparison of 
cerebral artery blood flow measurements with gated 
cine and ungated phase-contrast techniques. J Magn 
Reson Imaging. 1993;3(5):705–12.

35. Hundley WG, Li HF, Hillis LD, Meshack BM, Lange 
RA, Willard JE, et al. Quantitation of cardiac output 
with velocity-encoded, phase-difference magnetic res-
onance imaging. Am J Cardiol. 1995;75(17):1250–5.

5 Cardiovascular and Cerebrovascular Changes During Pregnancy



128

36. Hundley WG, Lange RA, Clarke GD, Meshack BM, 
Payne J, Landau C, et al. Assessment of coronary arte-
rial flow and flow reserve in humans with magnetic 
resonance imaging. Circulation. 1996;93(8):1502–8.

37. Zeeman GG, Mustapha H, Twickler DM.  Maternal 
cerebral blood flow changes in pregnancy. Am J 
Obstet Gynecol. 2003;189:968.

38. Batur Caglayan HZ, Nazliel B, Cinar M, Ataoglu 
E, Moraloglu O, Irkec C.  Assessment of maternal 
cerebral blood flow velocity by transcranial Doppler 
ultrasound before delivery and in the early postpartum 
period. J Matern Neonatal Med. 2019;32(4):584–9.

39. Gant N. Measurement of uteroplacental blood flow in 
the human. Ithaca: Perinatol Press; 1989.

40. Buelke-Sam J, Nelson CJ, Byrd RA, Holson JF. Blood 
flow during pregnancy in the rat: I. Flow patterns to 
maternal organs. Teratology. 1982;26(3):269–77.

41. Cipolla MJ, Sweet JG, Chan SL.  Cerebral vascular 
adaptation to pregnancy and its role in the neuro-
logical complications of eclampsia. J Appl Physiol. 
2011;110(2):329–39.

42. Kety SS, Schmidt CF. The nitrous oxide method for 
the quantitative determination of cerebral blood flow 
in man: theory, procedure and normal values 1. J Clin 
Invest. 1948;27:476–83.

43. Hurn P. Overview of cerebrovascular hemodynamics. 
In: KMA W, Caplan LR, Reis DJ, Siesjo BK, Weir 
B, editors. Primer on cerebrovascular diseases. San 
Diego: Academic; 1997.

44. Tiecks FP, Lam AM, Aaslid R, Newell 
DW. Comparison of static and dynamic cerebral auto-
regulation measurements. Stroke. 1995;26(6):1014–9.

45. Janzarik WG, Ehlers E, Ehmann R, Gerds TA, Schork 
J, Mayer S, et al. Dynamic cerebral autoregulation in 
pregnancy and the risk of preeclampsia. Hypertension. 
2014;63(1):161–6.

46. Sherman RW. Cerebral haemodynamics in pregnancy 
and pre-eclampsia as assessed by transcranial Doppler 
ultrasonography. Br J Anaesth. 2002;89:687.

47. van Veen TR, Panerai RB, Haeri S, van den Berg PP, 
Zeeman GG, Belfort MA. Changes in cerebral auto-
regulation in the second half of pregnancy and com-
pared to non-pregnant controls. Pregnancy Hypertens. 
2016;6(4):380–3.

48. Chapman AC, Cipolla MJ, Chan SL. Effect of preg-
nancy and nitric oxide on the myogenic vasodila-
tion of posterior cerebral arteries and the lower limit 
of cerebral blood flow autoregulation. Reprod Sci. 
2013;20(9):1046–54.

49. Cipolla MJ, Bishop N, Chan SL.  Effect of preg-
nancy on autoregulation of cerebral blood flow in 
anterior versus posterior cerebrum. Hypertension. 
2012;60(3):705–11.

50. Johnson AC, Cipolla MJ.  The cerebral circulation 
during pregnancy: adapting to preserve normalcy. 
Physiology. 2015;30(2):139–47.

51. Reeves MJ, Bushnell CD, Howard G, Gargano JW, 
Duncan PW, Lynch G, et al. Sex differences in stroke: 

epidemiology, clinical presentation, medical care, and 
outcomes. Lancet Neurol. 2008;7:915–26.

52. Krause DN.  Influence of sex steroid hormones on 
cerebrovascular function. Artic J Appl Physiol. 
2006;101(4):1252–61.

53. Irani R, Xia Y.  Renin angiotensin signaling in nor-
mal pregnancy and preeclampsia. Semin Nephrol. 
2011;31(1):47–58.

54. Belfort MA, Saade GR, Snabes M, Dunn R, Moise 
KJ, Cruz A, et al. Hormonal status affects the reactiv-
ity of the cerebral vasculature. Am J Obstet Gynecol. 
1995;172(4):1273–8.

55. Cipolla MJ, Houston EM, Kraig RP, Bonney 
EA. Differential effects of low-dose endotoxin on the 
cerebral circulation during pregnancy. Reprod Sci. 
2011;18(12):1211–21.

56. Chan S, Cipolla MJ. Relaxin causes selective outward 
remodeling of brain parenchymal arterioles via activa-
tion of peroxisome proliferator-activated receptor-γ. 
FASEB J. 2011;25(9):3229–39.

57. An H, Lin W. Cerebral venous and arterial blood vol-
umes can be estimated separately in humans using 
magnetic resonance imaging. Magn Reson Med. 
2002;48(4):583–8.

58. Van Der Wijk AE, Schreurs MPH, Cipolla 
MJ.  Pregnancy causes diminished myogenic tone 
and outward hypotrophic remodeling of the cere-
bral vein of Galen. J Cereb Blood Flow Metab. 
2013;33(4):542–9.

59. Ueno M. Molecular anatomy of the brain endothelial 
barrier: an overview of the distributional features. 
Curr Med Chem. 2007;14(11):1199–206.

60. Zlokovic BV.  The blood-brain barrier in health 
and chronic neurodegenerative disorders. Neuron. 
2008;57:178–201.

61. Cipolla MJ, Pusic AD, Grinberg YY, Chapman AC, 
Poynter ME, Kraig RP. Pregnant serum induces neu-
roinflammation and seizure activity via TNFα. Exp 
Neurol. 2012;234(2):398–404.

62. Valdés G, Corthorn J.  Review: the angiogenic and 
vasodilatory utero-placental network. Placenta. 
2011;32(Suppl 2):S170–5.

63. Krauss T, Pauer H-U, Augustin HG. Prospective anal-
ysis of placenta growth factor (PlGF) concentrations 
in the plasma of women with normal pregnancy and 
pregnancies complicated by preeclampsia. Hypertens 
Pregnancy. 2004;23(1):101–11.

64. Liman TG, Bohner G, Heuschmann PU, Scheel M, 
Endres M, Siebert E.  Clinical and radiological dif-
ferences in posterior reversible encephalopathy syn-
drome between patients with preeclampsia-eclampsia 
and other predisposing diseases. Eur J Neurol. 
2012;19(7):935–43.

65. Schreurs MPH, Houston EM, May V, Cipolla 
MJ.  The adaptation of the blood-brain barrier to 
vascular endothelial growth factor and placen-
tal growth factor during pregnancy. FASEB J. 
2012;26(1):355–62.

M. Shah and K. Lee



129

66. Younes ST, Ryan MJ.  Pathophysiology of cerebral 
vascular dysfunction in pregnancy-induced hyperten-
sion. Curr Hypertens Rep. 2019;21(7):1–8.

67. Van Veen TR, Panerai RB, Haeri S, Griffioen AC, 
Zeeman GG, Belfort MA. Cerebral autoregulation in 
normal pregnancy and preeclampsia. Obstet Gynecol. 
2013;122(5):1064–9.

68. Aukes AM, Bishop N, Godfrey J, Cipolla MJ.  The 
influence of pregnancy and gender on perivascular 
innervation of rat posterior cerebral arteries. Reprod 
Sci. 2008;15:411–9.

69. Razmara A, Bakhadirov K, Batra A, Feske 
SK.  Cerebrovascular complications of pregnancy 
and the postpartum period. Curr Cardiol Rep. 
2014;16:1–8.

70. Hinchey J, Chaves C, Appignani B, Breen J, 
Pao L, Wang A, et  al. A reversible posterior leu-
koencephalopathy syndrome. N Engl J Med. 
1996;334(8):494–500.

71. Wen Y, Yang B, Huang Q, Liu Y. Posterior reversible 
encephalopathy syndrome in pregnancy: a retrospec-
tive series of 36 patients from mainland China. Ir J 
Med Sci. 2017;186(3):699–705.

72. Gao B, Lv C.  Posterior reversible encephalopathy 
syndrome in 46 of 47 patients with eclampsia: beyond 
it. Am J Obstet Gynecol. 2014;211(1):83–4.

73. Wagner SJ, Acquah LA, Lindell EP, Craici IM, Wingo 
MT, Rose CH, et al. Posterior reversible encephalopa-
thy syndrome and eclampsia: pressing the case for 
more aggressive blood pressure control. Mayo Clin 
Proc. 2011;86(9):851–6.

74. Sharma A, Whitesell RT, Moran KJ. Imaging pattern 
of intracranial hemorrhage in the setting of posterior 
reversible encephalopathy syndrome. Neuroradiology. 
2010;52(10):855–63.

75. Fugate JE, Rabinstein AA.  Posterior reversible 
encephalopathy syndrome: clinical and radiological 
manifestations, pathophysiology, and outstanding 
questions. Lancet Neurol. 2015;14:914–25. https://
doi.org/10.1016/S1474- 4422(15)00111- 8.

76. Beausang-Linder M, Bill A.  Cerebral circulation in 
acute arterial hypertension—protective effects of 
sympathetic nervous activity. Acta Physiol Scand. 
1981;111(2):193–9.

5 Cardiovascular and Cerebrovascular Changes During Pregnancy

https://doi.org/10.1016/S1474-4422(15)00111-8
https://doi.org/10.1016/S1474-4422(15)00111-8


131

6Pregnancy and Ischemic Stroke
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 Introduction

Ischemic stroke is a leading cause of death and 
long-term disability and is more common in men 
than in women except for in advanced age and 
from ages 20 to 39, where the incidence is higher 
in women [1]. In addition to known risk factors, 
such as taking oral contraceptive pills, pregnancy 
and puerperium contribute to the increased risk 
of stroke observed in the younger population. In 
fact, although the incidence of stroke in preg-
nancy and puerperium is only 11–34 per 10,000, 
there is a threefold increase in incidence of stroke 
in pregnant as compared to non-pregnant women 
of reproductive age [2–5].

A recent systemic review and meta-analysis 
demonstrated a pregnancy-related stroke inci-
dence of 30 per 100,000 deliveries with 12.2 per 
100,000 deliveries related to ischemic stroke, 
12.2 per 100,000 deliveries related to hemor-

rhagic stroke, and 9.1 per 100,000 deliveries 
related to cerebral venous sinus thrombosis [6]. 
Although the overall incidence of stroke in the 
US population has declined in recent years, inci-
dence of maternal stroke has increased due to 
increasing maternal age and rising trends in the 
prevalence of cardiovascular risk factors among 
young women [7]. In the USA, between 1994–
1995 and 2006–2007, there was a 47% increase 
in antenatal stroke admissions and 83% increase 
in postpartum stroke admissions [8]. In Canada, 
stroke incidence increased from 10.8 per 100,000 
deliveries in 2003–2004 to 16.6 per 100,000  in 
2015–2016.

The highest risk for stroke occurs peripartum, 
from 2 days before to 1 day following delivery 
(relative risk  =  33.8) and continues through 6 
weeks postpartum [9]. Kittner et al. demonstrated 
that the adjusted relative risk for cerebral infarc-
tion during pregnancy was 0.7 (95% confidence 
interval [CI], 0.3–1.6), but increased to 8.7 (95% 
CI, 4.6–16.7) for the postpartum period after a 
live birth or stillbirth [10].

 Pathophysiology

Physiologic and pathophysiologic processes 
related to pregnancy alter blood flow and the clot-
ting cascade in a way that can increase the risk of 
stroke during pregnancy and puerperium. 
Physiologic changes during pregnancy include 
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alterations in cardiovascular hemodynamics, 
coagulation factors, hormone levels, and vascular 
tone. Cardiovascular and hematologic changes 
accompanying pregnancy are discussed briefly 
below and in detail in Chap. 5.

 Coagulation Factors

In preparation for the tissue disruption and 
trauma that can accompany childbirth, evolu-
tion favors hemostasis with various changes 
occurring in the coagulation cascade. These 
include changes in levels of procoagulant fac-
tors, coagulation inhibitors, and other media-
tors of clot formation and lysis, including 
placental production of anti-fibrinolytics. This 
results in a state of hypercoagulability during 
late pregnancy that persists through 12 weeks 
postdelivery.

The levels of procoagulant factors I, VII, 
VIII, IX, X, and XII increase during pregnancy, 
while levels of factors II, V, and XI show little 
change [11]. The coagulation inhibitor anti-
thrombin III falls and is at its nadir in the third 
trimester. Total and free levels of the coagula-
tion inhibitor cofactor protein S are significantly 
decreased as well. Although levels of protein C 
remain unchanged, almost a third of women 
have functional activated protein C resistance 
during the third trimester [9]. These changes in 
coagulation mediators are summarized in 
Table 6.1.

 Vascular Tone

In addition to normal physiologic changes in 
pregnancy that can induce a hypercoagulable 
state, pathophysiologic processes such as pre-
eclampsia and eclampsia can induce structural 
changes in the vascular wall, such as endothelial 
dysfunction and impaired cerebrovascular auto-
regulation, that predispose pregnant women to 
hemorrhagic and ischemic stroke. Although the 
exact pathological mechanism of how preeclamp-
sia/eclampsia leads to hemorrhagic stroke is not 
clearly delineated yet, it likely involves endothe-
lial dysfunction leading to vasogenic edema due 
to the increase in permeability of blood vessels 
[12, 13]. Evidence suggests that placental antian-
giogenic factors, specifically soluble fms-related 
tyrosine kinase 1 and soluble endoglin are upreg-
ulated and disrupt the maternal endothelium, 
which can result in hypertension, proteinuria, and 
glomerular endotheliosis [14]. The regulation of 
these antiangiogenic factors in the placenta is 
unknown; however, this is an area of increased 
interest for the development of markers to predict 
and diagnose preeclampsia as well as identify 
therapeutic targets. Other possible mechanisms 
include reduced placental perfusion, aberrant tro-
phoblast (blastocyst cell) invasion into the uterus 
and uterine spiral arteries, and excessive intravas-
cular inflammatory response to placental tissue 
[15–17]. Fluctuating blood pressure may also 
play a significant role as it leads to variable 
degrees of vasospasm and vasodilation. 
Additionally, disturbance to the cerebral auto-
regulation system because of chronic hyperventi-
lation during pregnancy may lead to higher 
cerebral perfusion pressures and cause further 
blood vessel damage.

 Risk Factors

It is important to recognize that in addition to 
pregnancy-related stroke risk factors, women 
may have pre-existing vascular risk factors 
that can compound their likelihood of stroke. 
In fact, antecedent traditional vascular risk 
factors can increase the risk of stroke during 

Table 6.1 Changes in hemostatic factors during 
pregnancy

Hemostatic parameter
Change at term pregnancy 
(% change)

Factor I (Fibrinogen) Increases more than 100%
Factor VII Up to 1000% increase
Factor VIII, IX, X, XII, 
and VWF

Increase more than 100%

D-Dimer Up to 400% increase
Factor II and V No change
Protein C No change
Factor XI Variable
Protein S Up to 50% decrease
Factor XIII Up to 50% decrease
Platelet count Up to 20% decrease
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pregnancy. Women should be advised about 
the increased risk of stroke in pregnancy if 
they have a history of high blood pressure, 
smoking, migraine, arterial disease, hyperlip-
idemia, thrombophilia, infection, heart dis-
ease, paradoxical emboli or substance abuse. 
Additionally, those with maternal age over 
35  years, non-white race, and migraine with 
aura are too at higher risk [3]. Migraine in par-
ticular increases the risk of gestational hyper-
tension (OR 1.23–1.68) and preeclampsia (OR 
1.08–3.5), and is responsible for a 15-fold 
increased risk of pregnancy-related stroke 
(OR 15.05, 95% CI 8.26–27.5) [18].

Those who acquire stroke risk factors unique 
to pregnancy including peripartum infection, 
pregnancy-induced hypertension, cesarean deliv-
ery, and multiple gestation should be counseled 
that they are at higher risk of stroke as well [3, 
19–21]. Other conditions related to pregnancy 
including amniotic fluid embolus, postpartum 
angiopathy, and postpartum cardiomyopathy can 
also lead to ischemic stroke. Early identification 
and control of these risk factors and conditions is 
vital to prevent stroke related morbidity and 
mortality.

 Etiology

 Cerebral Venous Sinus Thrombosis 
(CVST)

CVST occurs in 9.1 per 100,000 pregnancies 
(95% CI of 4.3–18.9) [6]. The risk of CVST in 
pregnancy is increased, although pregnancy- 
associated CVST has a better prognosis than 
CVST from other etiologies. In the first trimester, 
the risk may be attributed to underlying thrombo-
philia, but the risk is most increased in the first 
4–8 weeks postpartum [6]. Cerebral venous sinus 
thrombosis disrupts cerebral venous outflow 
causing dangerous congestion that can result in 
non-hemorrhagic or hemorrhagic ischemia or 
intracerebral hemorrhage. Parenchymal lesions 
caused by CVST display specific anatomic pat-
terns that are determined by the site of venous 

occlusion. The sites most commonly affected 
according to the International Study on Cerebral 
Venous and Dural Sinuses Thrombosis (n = 624) 
are as follows: (1) Superior Sagittal Sinus: 62%, 
(2) Transverse (Lateral) Sinus: 41–45%, and (3) 
Straight Sinus: 18% [22]. Hemorrhages are com-
mon, particularly when involving the superior 
sagittal sinus resulting in parasagittal “venous” 
infarcts. The deep venous system can also be 
affected in 11%, as well as internal jugular vein 
in 12% of patients. If the deep cerebral vein (or 
the draining straight sinus) is involved, infarcts 
can involve the globus pallidi.

The most common clinical findings in CVST 
include:

• Intracranial hypertension (headache in 90% of 
patients, and papilledema).

• Focal neurologic deficits (e.g., motor weak-
ness, sensory deficit, aphasia).

• Encephalopathy.
• Seizures (30–50%).

Clinically, a patient with CVST presents with 
symptoms of increased intracranial pressure 
(ICP), a focal brain lesion, or both. A headache is 
one of the most common symptoms and in some 
cases, the only symptom. Other symptoms 
include craniofacial pain, seizures, motor weak-
ness, visual field loss, and sensory symptoms. A 
focused discussion of CVST in pregnancy is pro-
vided in Chap. 11.

 Hypertensive Disorders of Pregnancy

Hypertensive disorders of pregnancy are the 
leading cause of maternal stroke [23]. There are 
three different types of hypertensions that occur 
during pregnancy:

• Chronic Hypertension: High blood pressure 
(>140/90 mmHg) that is present before preg-
nancy, presents before week 20 of pregnancy, 
or that continues after delivery.

• Hypertension: High blood pressure that devel-
ops after week 20 of pregnancy and resolves 
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after delivery. Also referred to as pregnancy- 
induced hypertension (PIH).

• Preeclampsia: De-novo hypertension that 
presents after 20 weeks of gestation combined 
with proteinuria (>300 mg/day), other mater-
nal organ dysfunction, such as renal insuffi-
ciency, liver involvement, neurological or 
hematological complications, uteroplacental 
dysfunction, or fetal growth restriction [24].

Elevated SBP in particular has been shown to 
be a more important indicator in evaluating stroke 
risk than DBP. Martin et al. found that in 95.8% 
of the patients, the SBP was at or greater than 
160  mmHg right before the onset of a stroke 
while only 11% of patients exhibited DBP within 
the same severity range (≥110 mmHg) [25]. This 
emphasizes the importance of closely monitoring 
and controlling SBP to mitigate stroke risk.

 Preeclampsia and Eclampsia
Preeclampsia is a systemic syndrome that com-
plicates approximately 2–5% of pregnancies. 
Eclampsia is a complication of 1–2% of pre-
eclampsia cases in which the pregnant or recently 
delivered woman presents with new-onset sei-
zures or coma not due to any other underlying 
neurological cause [26]. It is well established that 
women with a history of preeclampsia, chronic 
hypertension, and gestational hypertension are at 
increased risk for preeclampsia recurrence. A 
recent large study which included 40,673 women 
has identified additional risk factors associated 
with preeclampsia during subsequent pregnan-
cies. These include obesity and diagnosis of ges-
tational diabetes mellitus, which are independent 
from their age and inter-pregnancy interval [27]. 
History of preterm delivery, perinatal mortality 
or low birthweight also showed association with 
higher risk for preeclampsia in subsequent preg-
nancies [28]. Preeclampsia and eclampsia are 
described briefly below and in detail in Chap. 12.

Clinically, preeclampsia classically manifests 
as new onset of hypertension with systolic blood 
pressure (SBP) at or over 140  mmHg and dia-
stolic blood pressure (DBP) at or over 90 mmHg 
on at least two occasions over a period of 4 h, and 

either proteinuria (>0.3  g protein in 24  h urine 
specimen) or end-organ dysfunction after 
20 weeks of gestation in a previously normoten-
sive woman. Preeclampsia remains a leading 
cause of maternal and neonatal morbidity and 
mortality. The criteria for diagnosis of pre-
eclampsia according to the American College of 
Obstetricians and Gynecologists (ACOG) and 
International Society for the Study of 
Hypertension in Pregnancy (ISSHP) are outlined 
in Table 6.2.

Systemic defects, including renal damage, are 
also important components of preeclampsia and 
eclampsia. In 2013, the ACOG removed protein-
uria as an essential criterion for diagnosis of pre-
eclampsia and included other maternal organ 
dysfunction (as outlined in Table 6.2). Moreover, 
the ISSHP endorsed that there should be no 
attempt to diagnose mild versus severe pre-
eclampsia clinically as all cases may become 
emergencies, often rapidly [25].

Severe features of preeclampsia indicating 
systemic dysfunction as outlined by ACOG are 
the following [26]:

• Thrombocytopenia (platelet count 
<100 × 109/L).

• Impaired liver function tests (to twice the 
upper limit of normal concentration) or severe 
persistent right upper quadrant or epigastric 
pain and not accounted for by alternative 
diagnoses.

• Renal insufficiency (Creatinine >1.1 mg/dL or 
doubling of Creatinine in absence of other 
renal disease).

• Pulmonary edema.
• New onset headache unresponsive to acet-

aminophen and not accounted for by alterna-
tive diagnoses or visual disturbances.

 Postpartum Angiopathy (PPA)

Postpartum angiopathy is generally grouped 
under the overarching category of reversible 
cerebral vasoconstriction syndromes (RCVS) 
and is characterized by narrowing of the cere-
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Table 6.2 Preeclampsia diagnostic criteria according to ACOG and ISSHP criteria

ACOG (2019 revision) [29] ISSHP (2018 revision) [26]
New onset, persistent 
hypertension ≥20 weeks in a 
woman with previously 
normal BP and

•  SBP ≥140 mmHg or DBP ≥90 mmHg on 2 occasions ≥4 h apart or
•  SBP of ≥160 mmHg or DBP ≥110 mmHg confirmed within a short interval 

(minutes)

Proteinuria ≥300 mg per 24-h urine collection or protein/creatinine ratio of ≥0.3 or urine 
dipstick reading of 2+

Or in absence of proteinuria, 
new onset of:

•  Renal insufficiency (serum creatinine 
>1.1 mg/dL or doubling of serum 
creatinine in absence of other renal 
disease)

•  Acute kidney injury (serum creatinine 
>1 mg/dL)

•  Impaired liver function (LFTs elevated 
twice normal)

•  Liver involvement (elevated LFTs with 
or without RUQ or epigastric pain)

• Thrombocytopenia (platelets <100) •  Hematological complications (platelets 
<150K, DIC, hemolysis)

•  New-onset headache (unresponsive to 
medication and not accounted for by 
alternative diagnoses or visual 
symptoms)

•  Neurological complications (eclampsia, 
altered mental status, blindness, stroke, 
clonus, severe headaches, persistent 
visual scotomata)

• Pulmonary edema •  Uteroplacental dysfunction (fetal 
growth restriction, abnormal umbilical 
artery Doppler wave form analysis, or 
stillbirth)

RUQ right upper quadrant, DIC disseminated intravascular coagulation, LFTs liver function tests, ACOG American 
College of Obstetricians and Gynecologists, ISSHP International Society for the Study of Hypertension in Pregnancy

bral arteries without the presence of inflamma-
tion. Previous terms for the same disorder 
include benign angiopathy of the CNS, Call-
Fleming syndrome, crash migraine, drug-
induced arteritis, eclampsia-associated 
vasoconstriction, drug- induced angiitis, 
migraine angiitis, and CNS pseudovasculitis. 
PPA has a variety of clinical presentations 
including headache, focal neurological deficit, 
and seizures, but most often presents as multiple 
attacks of bilateral throbbing thunderclap head-
aches. These headaches are a presenting feature 
in 94% of cases over a mean period of 1 week 
and may occur spontaneously or be triggered by 
cough, exertion, or Valsalva. Visual blurring, 
scotomas, and blindness are also commonly 
associated. The cerebral vasoconstriction of 
PPA is additionally associated with abnormal 
brain imaging. Both hemorrhage and infarction 
are common presentations, but vasogenic edema 
is also seen [30].

The diagnostic criteria for RCVS include:

• Thunderclap headache(s) with or without 
focal neurologic deficits or seizures.

• Monophasic course without new symptoms 
more than 1  month after initial onset of 
symptoms.

• Multifocal, multi-vessel, segmental vasocon-
striction of cerebral arteries.

• Absence of aneurysmal subarachnoid hemor-
rhage, Normal or near-normal cerebrospinal 
fluid (CSF); CSF Protein <100  mg/dL, CSF 
WBC <15 per mm3, CSF Glucose normal.

• Complete or substantial normalization of 
cerebral arteries within 12 weeks of symptom 
onset.

When clinical suspicion for RCVS is high 
despite normal vasculature on angiography per-
formed early after the onset of symptoms, repeat 
vascular imaging after several weeks is indicated 
in search of vasoconstriction. RCVS and PPA are 
discussed in detail in Chaps. 13 and 14, 
respectively.
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 Peripartum Cardiomyopathy (PPCM)

Cardiomyopathy is an established risk factor 
for cardioembolic stroke. Peripartum, or post-
partum, cardiomyopathy (PPCM) is an uncom-
mon cause of heart failure that develops during 
the last month of pregnancy or up to 5 months 
after giving birth in the absence of a pre-exist-
ing heart disease. It is estimated to occur in 
about 1  in 4000 pregnancies with approxi-
mately 1000–1300 women developing the 
condition in the U.S. each year. PPCM pro-
duces a dilated cardiomyopathy in which the 
heart’s chambers enlarge and muscle weakens. 
This causes a decrease in the percentage of 
blood ejected from the left ventricle of the 
heart with each contraction and a subsequent 
reduction in cardiac output. Decreased ejec-
tion fraction can lead to pooling of blood and 
subsequent formation of cardiac thrombi. The 
presence of left ventricular thrombi is com-
mon in PPCM and can result in peripheral 
embolization of the clots to the brain, causing 
thromboembolic stroke [31]. PCCM may be 
difficult to detect because symptoms of heart 
failure can mimic those of third trimester 
pregnancy, such as shortness of breath, swell-
ing in the feet, and legs. Echocardiogram is 
critical to detecting cardiomyopathy by uncov-
ering the decreased ejection fraction.

PPCM is diagnosed when the following three 
criteria are met [32]:

• Heart failure secondary to left ventricular sys-
tolic dysfunction towards the end of preg-
nancy or within 5 months of delivery.

• Ejection fraction (EF) is reduced less than 
45% (typically measured by an 
echocardiogram).

• No other cause for heart failure with reduced 
EF can be found.

PCCM is associated with high rate of recur-
rence so women with a previous history should 
be monitored closely during subsequent 
pregnancies.

 Other Causes of Embolic Stroke

Embolic stroke can result from a number of other 
pregnancy-related causes including venous 
thrombosis, air embolism, and amniotic fluid 
embolism. The physiologic hypercoagulability of 
pregnancy underlies an increased rate of venous 
thrombosis while fluctuating intrathoracic pres-
sure can increase the risk of a paradoxical 
embolus through a patent foramen ovale. Air 
embolism has been reported as a complication of 
obstetric procedures which frequently leads to 
hemodynamic collapse and death from pulmo-
nary embolism. Management typically involves 
hyperbaric oxygen [33]. Finally, amniotic fluid 
embolism can develop during delivery or post-
partum and, though rare, is associated with high 
mortality. This condition is associated with respi-
ratory distress, hemodynamic collapse, dissemi-
nated intravascular coagulation, and, in some 
cases, seizures [34].

 Diagnosis

 Brain Imaging

 Computed Tomography
Brain imaging is required when there is clinical 
suspicion for stroke. Given widespread access 
and rapid acquisition, non-contrast head com-
puted tomography (CT) is typically the first diag-
nostic study utilized for suspected stroke. 
Potential risks of fetal malformation are limited 
to the first few weeks of gestation [30, 35, 36]. 
Radiation exposure to the fetus related to head 
CT is 0.05  rad which is considered safe as the 
accepted limit for cumulative fetal radiation 
exposure during pregnancy is 5  rad [37]. 
Additionally, there is no evidence suggesting 
adverse effects on lactation [38].

Iodinated CT contrast is FDA class B, with no 
evidence of teratogenicity or mutagenicity in ani-
mal studies [39]. However, conflicting reports 
suggest some association with neonatal hypothy-
roidism and thyroid testing should be performed 
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during the first week in exposed neonates [40]. 
Despite lack of known fetal harm, iodinated con-
trast is only recommended if additional diagnos-
tic information will affect the care of the pregnant 
women or fetus. Postdelivery, minimal iodinated 
CT contrast enters the mother’s breast milk and is 
rarely absorbed across the normal gut; therefore, 
administration of iodinated contrast is not contra-
indicated during breastfeeding.

 Magnetic Resonance Imaging
Magnetic resonance imaging (MRI) is more sen-
sitive than CT in detecting early cerebral infarc-
tion, lacunar, and brainstem infarcts [41, 42]. 
There has been no evidence of adverse fetal 
effects with MRI exposure up to 3 T [43].

Gadolinium contrast is FDA class C and 
should be avoided during pregnancy. When 
 benefits clearly outweigh risks and gadolinium is 
essential, no specific monitoring tests are 
required. During breastfeeding, gadolinium 
administration is not contraindicated. Based on 
radiology consensus, lactation after MRI with 
gadolinium can be resumed immediately, given 
less than 0.04% of contrast dose is excreted into 
breast milk within 24 h, and infants absorb less 
than 1% of that amount [39].

 Evaluation for Stroke Mechanism

 Cranio-Cervical Vessel Imaging
Non-invasive vessel imaging is emergently war-
ranted if there is clinical suspicion for large ves-
sel arterial occlusion for evaluation for emergent 
mechanical thrombectomy.

Carotid ultrasound, CT angiography (CTA), 
CT venography (CTV), MR angiography 
(MRA), MR venography (MRV) or digital sub-
traction angiography (DSA) can be used to 
investigate the underlying mechanism of isch-
emic stroke. MRA and MRV with gadolinium 
should be avoided in pregnancy. As an alterna-
tive to contrast injection, imaging of the arterial 
and venous circulation can be performed using 
time-of-flight sequences.

 Echocardiogram
Transthoracic echocardiogram (TTE) is useful 
for detecting cardiac pathology. TTE non- 
invasively assesses cardiac structure, function, 
and EF.  TTE with agitated saline can detect 
shunts such as patent foramen ovale (PFO) or 
atrial septal defect (ASD). If right to left shunt is 
present, lower extremity venous duplex and 
venography of the pelvis should be obtained to 
assess for deep venous thrombosis (DVT).

If there is continued clinical suspicion for car-
diac pathology, invasive testing with transesoph-
ageal echocardiogram (TEE) may be considered 
if TTE is unrevealing. TEE is superior for evalu-
ating the aortic arch, ascending aorta, left atrial 
appendage, valves, and atrial septum [44].

 Laboratory Evaluation
Complete blood count, comprehensive metabolic 
panel including renal function and liver function 
testing should be completed. Laboratory testing 
for traditional modifiable risk factors for isch-
emic stroke should be completed including 
hemoglobin A1C and lipid panel.

Laboratory testing for inherited thrombophilia 
should be completed in all pregnant women pre-
senting with cryptogenic stroke as pregnancy 
does not influence a genetic thrombophilia panel, 
despite physiologic changes in coagulation fac-
tors. Acquired thrombophilia work-up, which 
looks for the presence of sickle cell disease, anti- 
phospholipid syndrome, and protein C/S defi-
ciencies, can also be pursued. Unfortunately, 
anti-phospholipid antibodies such as lupus anti-
coagulant and anti-cardiolipin antibodies can be 
falsely elevated during pregnancy and should be 
reevaluated postpartum [45].

 Management

 Acute Reperfusion

 IV Alteplase (tPA)
Tissue plasminogen activator (Alteplase; tPA) is 
not teratogenic based on animal studies and is too 
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large as a molecule to cross the placenta. It is, 
however, classified as category C as no random-
ized controlled trial has included pregnant 
women.

Any risk associated with IV tPA in pregnancy 
is thought to be due to bleeding. IV tPA has a 
short half-life of 4–5 min, with 10% concentra-
tion remaining after 20 min. However, pregnancy 
was an exclusion criterion in all randomized con-
trolled trials for IV tPA in stroke, therefore preg-
nancy classically been considered a relative 
contraindication to the use of IV tPA.

Data on intravenous thrombolytic therapy dur-
ing pregnancy are limited (28 reported cases). 
Case reports and series on the pregnancy out-
comes of women who received intravenous 
alteplase during all trimesters indicate that, gen-
erally, the mother experienced marked improve-
ment following treatment and delivered a healthy 
baby, while the incidence of symptomatic intra-
cerebral hemorrhage (sICH) was low, and com-
parable to non-pregnant patients. Overall, the 
safety profile appears similar to that of non- 
pregnant patient [46–56].

Treatment with thrombolytic agents in the 
early postpartum period (48 h) is more controver-
sial, given the increased risk of bleeding. 
Akazawa and Nishida documented 13 cases 
where thrombolytics were given to women dur-
ing this period [57]. The most common indica-
tion for treatment in this series was pulmonary 
embolus which usually requires a higher dose 
compared to stroke; only a single case of isch-
emic stroke was reported in this series. Blood 
transfusions were not required in all but one case 
[57]. Safety and efficacy of IV tPA within 14 days 
of delivery have not been well established [52, 
53, 57]. The Canadian Stroke Best Practice 
Consensus Statement currently states that it is 
reasonable to give IV tPA to pregnant women 
with ischemic stroke whom are otherwise candi-
dates for this intervention [58].

 Mechanical Thrombectomy
Since pregnant women were excluded from 
large-scale clinical trials evaluating the efficacy 
of mechanical thrombectomy in acute ischemic 

stroke, there is a paucity of prospective data 
examining this procedure in this population. 
There are four reported cases of women treated 
with mechanical thrombectomy during preg-
nancy, all of which occurred during the third tri-
mester [59, 60]. Second-generation devices were 
used in all cases. The maternal outcomes were 
good in three cases (modified Rankin Scale; mRS 
scores 0–1), with greater residual disability in the 
fourth case (mRS 2) [58]. The pregnancy was 
ongoing and healthy in one published report, 
while three women had delivered healthy babies. 
There were no cases of sICH.

Additionally, a recent, large, population-based 
analysis showed of 4590 pregnant and postpar-
tum (within 6 weeks) women between 2011 and 
2018, 3.9% (180) received mechanical thrombec-
tomy. When compared with a matched cohort of 
non-pregnant women with stroke, pregnant and 
postpartum women experienced lower rates of 
ICH and were less likely to have poor functional 
outcome at discharge. Additionally, no pregnant 
patients experienced mortality or miscarriage 
during hospitalization. This large-scale clinical 
data is helpful in aiding clinical decision making, 
but further prospective trials are necessary [61].

For women with large vessel occlusion who 
are eligible for endovascular thrombectomy, pro-
ceeding directly to this treatment with or without 
IV alteplase, depending on the timing of onset, 
could be considered. Collaborative care from 
vascular neurology, neuro-critical care, neurosur-
gery, and obstetrics is critical for making treat-
ment decisions regarding thrombolysis and/or 
thrombectomy. These interventions should cur-
rently be considered on a case-by-case basis.

 Secondary Prevention of Ischemic 
Stroke

Modification of risk factors to reduce the risk of 
subsequent infarction is a mainstay of ischemic 
stroke management. This is accomplished gener-
ally through administration of antithrombotics, 
control of blood pressure, and management of 
hyperlipidemia.
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 Antithrombotics
Aspirin at a low dose (60–150 mg/day) is consid-
ered safe after the first trimester, but efforts 
should be made to avoid higher doses. The safety 
of ASA after the first trimester is well-established 
from trials of its use in the prevention of pre-
eclampsia development in high-risk women, 
including those with recurrent fetal loss [62, 63]. 
Unfractionated heparin (UFH) or Low Molecular 
Weight Heparin (LMWH) are the agents of 
choice in cases requiring anticoagulation. 
Warfarin is contraindicated in the first trimester 
and not preferred during the rest of gestation due 
to its ability to cross the placenta and induce tera-
togenicity or promote fetal bleeding. The terato-
genic risks of various antithrombotic agents are 
summarized in Table 6.3.

 Hypertension
In the setting of preeclampsia or severe hyperten-
sion, the goal is to achieve an urgent and sus-
tained reduction of systolic and diastolic blood 
pressure to less than 160/110  mmHg to reduce 
the risk of maternal stroke. That can be followed 
by titration of medications to lower pressure 
below 140/90 mmHg. The impact of blood pres-
sure reduction on placental perfusion should be 
considered. Obstetrics/Maternal Fetal Medicine 
practitioners should be involved in ongoing 
assessments of the maternal-placental-fetal unit 
and decision making related to blood pressure 
lowering and the approach to fetal monitoring 
and surveillance where appropriate. Care must be 

taken to not cause hypotension or hypoperfusion 
[64, 65].

In pregnancy, first-line medications for blood 
pressure control are labetalol, methyldopa, and 
long acting nifedipine [66]. Selection of specific 
antihypertensive medication should consider 
side-effect profiles for the woman, fetus, or neo-
nate. Angiotensin-converting enzyme inhibitors 
and angiotensin II receptor blockers—two com-
mon classes of medications used in stroke pre-
vention—carry an increased risk of fetal 
complications (kidney injury) and low amniotic 
fluid, especially if used after the first trimester. 
These medications should be discontinued prior 
to pregnancy or as soon as a pregnancy is recog-
nized. If they have been inadvertently taken, 
prompt referral to a regional center for detailed 
fetal structural ultrasound and counseling is 
encouraged. Atenolol, angiotensin-converting 
enzyme inhibitors, and renin direct renin inhibi-
tors are contraindicated in pregnancy and should 
not be used (Class III; Level of Evidence C) [66]. 
Selected groups of antihypertensives are summa-
rized in Table  6.4 with consideration of their 
maternal and fetal adverse effects.

 Hyperlipidemia
Statins are contraindicated for use in pregnancy 
and lactation due to the lack of sufficient preg-
nancy data and concern for fetal/neonatal harm 
[67, 68]. There is no available information 
describing the effect of statins on breastfed 
infants or milk production. A recent systematic 

Table 6.3 Teratogenic risks antithrombotic therapies

Antithrombotic drugs Placental transfer First trimester Second and third trimester
Low-dose aspirin 
(60–150 mg/day)

Yes Contraindicated (risk of 
gastroschisis)

Not contraindicated

Other antiplatelets No data No data No data
Warfarin Yes Contraindicated 

(teratogenic)
Not preferred regular check 
of INR

UFH No data Not contraindicated risk 
of HIT

Not contraindicated risk of 
HIT regular check of aPTT

LMWH No data Not contraindicated Not contraindicated
DOAC Dabigaran: Yes rivaroxaban: Yes 

Apixaban: No data edoxaban: No 
data

No data No data

Unfractionated heparin (UFH), or Low Molecular Weight Heparin (LMWH). Direct Oral Anticoagulant (DOAC). 
Heparin-induced thrombocytopenia (HIT)
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Table 6.4 Summary of antihypertensive drugs used during pregnancy

Category Maternal side effects
Teratogenicity or fetal-neonatal adverse 
effects

Class/level 
of evidence

ACE Hyperkalemia Skeletal and cardiovascular 
abnormalities, renal dysgenesis, 
pulmonary hypoplasia

III/C

If prior use, refer to OB for fetal 
structural ultrasound, and counseling

β-Blockers (Atenolol) Headache Associated with fetal growth 
restriction.

III/B

β-Blockers (Labetalol, 
Metoprolol)

Headache, may provoke asthma 
exacerbation

Animal studies have failed to reveal 
evidence of teratogenicity. Possible 
neonatal bradycardia

IIa/B

Calcium Channel 
Blockers (e.g., 
Nifedipine)

Headache, possible interaction 
with magnesium sulfate; may 
interfere with labor

No I/A

Centrally acting 
α2-adrenergic agonist 
(e.g., Methyldopa)

Sedation, elevated LFTs, 
depression

No IIa/C

Hydralazine Reflex tachycardia, delayed 
hypotension

Neonatal thrombocytopenia, fetal 
bradycardia

III/B

Diuretics (thiazide) Hypokalemia No III/B

ACE indicated angiotensin-converting enzyme. LFTs liver function tests

review failed to demonstrate a clear relationship 
between congenital anomalies and statin use in 
pregnancy, suggesting that they may not be tera-
togenic. However, the authors concluded that 
until more information is available, statins should 
still be avoided in pregnancy [67].

 Disease-Specific Treatment

 Cerebral Venous Sinus Thrombosis
For acute CVST occurring during pregnancy, 
consider treatment with full therapeutic doses of 
anticoagulation (UFH or LMWH) even in the 
presence of a hemorrhage with continuation for 
the remainder of pregnancy and for at least 
6 weeks postpartum or until a postpartum switch 
to oral anticoagulation is feasible. Based on the 
guidelines of the European Federation of 
Neurological Societies (EFNS), in cases where 
patients are resistant to anticoagulation therapy, 
exhibit worsening of symptoms, do not have an 
intracranial hemorrhage, or are not at risk for 
 herniation, endovascular thrombolysis and sur-
gical thrombectomy may also be considered 
[69, 70].

A woman with a remote history of spontane-
ous CVST, not currently anticoagulated, can be 

considered for LMWH prophylaxis during preg-
nancy and for at least 6  weeks postpartum. 
Warfarin is potentially teratogenic and should be 
avoided especially between 6- and 12 weeks ges-
tational age. There are insufficient data on the 
safety of direct oral anticoagulants (DOAC) 
(apixaban, dabigatran, edoxaban, and rivaroxa-
ban) in pregnancy. Switching to LMWH is 
encouraged as soon as a pregnancy is identified 
or if pregnancy is planned. IV UFH could be con-
sidered in a hospitalized woman in place of 
LMWH if there is concern about need for urgent 
delivery or invasive procedures. A low dose, 
without bolus is the preferred dose in stroke 
patients including during pregnancy. Refer to 
Table  6.3 for data on relative risks of 
anticoagulants.

Anticoagulation should be suspended prior to 
administration of regional anesthesia or planned 
induction:

• If low-dose LMWH: stop at least 12 h prior to 
regional anesthesia or planned induction.

• If full-dose LMWH: stop at least 24 h prior to 
regional anesthesia or planned induction.

LMWH or UFH can be restarted at least 4–6 h 
after the removal of the neuraxial catheter if 
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bleeding is well controlled and there are no neur-
axial concerns. The regimen can then be contin-
ued for 6–12 weeks postdelivery.

If anticoagulation is required beyond 6–12 
weeks postdelivery, LMWH and warfarin are 
both considered safe options during breastfeed-
ing. The safety of DOACs in breastfeeding has 
not been established. The duration of anticoagu-
lation is determined by results of a thrombophilia 
panel. Long-term anticoagulation therapy should 
be reconsidered in cases where patients have 
recurrent episodes of CVST or those who have an 
episode of CVST with “severe” thrombophilia. 
Anticoagulation during pregnancy is discussed in 
detail in Chap. 15.

 Hypertensive Disorders of Pregnancy
The main goal for the treatment of preeclamp-
sia, eclampsia, and HELLP syndrome is to sta-
bilize the mother, prevent recurrent eclamptic 
seizures, and treat the severe hypertension to 
reduce or prevent cerebral edema and hemor-
rhage. First, prompt delivery is recommended 
as it is the definitive cure for preeclampsia, 
eclampsia, and HELLP. Antihypertensive ther-
apy is also suggested women with systolic 
pressures over 140 mmHg and diastolic pres-
sures over 90  mmHg. Magnesium sulfate 
(1–3  g/h) should be administered to prevent 
recurrent eclamptic seizures. Platelet transfu-
sion should be administered in HELLP syn-
drome patients with maternal bleeding or 
platelet count of <20,000 cells/μL.

 PPCM
Treatment of PPCM follows that of heart failure 
unrelated to pregnancy [32, 71]. Diuretic agents 
(e.g., loop diuretics) are the agents of choice for 
volume control. However, these agents can cause 
hypotension and impair uterine perfusion so cau-
tion is needed if used before delivery. 
Neurohormonal blockade with angiotensin- 
converting enzyme inhibitors or angiotensin 
receptor blockers should only be pursued in the 
postpartum due to fetal risks (see Table 6.4). A 
combination of organic nitrates and hydralazine 

can be used instead during gestation. β-blockers 
as well as digoxin can be safely used during preg-
nancy, although the role of digoxin in the treat-
ment of systolic heart failure is currently being 
debated [72, 73]. Antithrombotic agents with 
anticoagulation (with LMWH or UFH) are advis-
able during pregnancy and for the first 2 months 
postpartum given the high-risk of thromboembo-
lism [74–77].

 Intracranial Pressure (ICP) 
Management

In the setting of large vessel disease, rapid devel-
opment of cerebral edema leads to intracranial 
hypertension, a phenomenon known as malignant 
cerebral infarction or edema. Elevated intracra-
nial pressure and mass effect from intracranial 
hemorrhage can also result from CVST. Managing 
intracranial hypertension is critical to combat 
maternal morbidity and mortality and typically 
involves staged medical and surgical 
interventions.

Urgent management focuses on support of 
vital functions (Airway, Breathing and 
Circulation). Early intubation should be per-
formed for patients with impaired arousal due to 
the associated risk of aspiration, hypoxemia, and 
hypercarbia.

Efforts to reduce intracranial pressure include 
the following:

• Elevation of the head of the bed to 30°.
• Osmotherapy: Mannitol 20% 0.25–0.5  g/kg 

every 4  h, or Hypertonic saline with goal 
osmolarity of 320.
 – Mannitol is assigned a pregnancy category 

C by FDA.  Mannitol can cause maternal 
dehydration, which can lead to hypoten-
sion, uterine hypoperfusion, and fetal 
injury. Mannitol is only recommended for 
use during pregnancy when benefit out-
weighs risk.

• ICP monitor placement in patients with hydro-
cephalus or clinical deterioration secondary to 
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elevated ICP with goal ICP <20  mmHg and 
cerebral perfusion pressure

• (CPP) >70 mm Hg.
• External ventricular drainage (EVD) may be 

indicated in patients with or at risk for 
hydrocephalus.

• Neurosurgical evaluation for hemicraniec-
tomy that is refractory to the above-described 
measures.

 Preventing Secondary Brain Injury

 Glucose
Due to increased red cell turnover, hemoglobin 
A1C is slightly lower in normal pregnancy than 
in normal non-pregnant women [78]. The 
American Diabetes Association (ADA) recom-
mends a fasting glucose target <95 mg/dL and a 
2-h postprandial glucose <120  mg/dL [78]. 
Although pregnant women were excluded from a 
recent large randomized trial, which failed to 
support using intensive glucose control in acute 
ischemic stroke [79], it is reasonable to maintain 
a glucose level of 140–180 mg/dL for pregnant 
women with ischemic stroke. Insulin is the pre-
ferred medication for treating hyperglycemia 
during pregnancy. Other oral and non-insulin 
injectable glucose-lowering medications lack 
long-term safety data [78].

 Temperature
Fluctuations from normal temperature, including 
hyperthermia or hypothermia, should be avoided. 
To limit secondary injury related to fever, any 
concurrent infection including asymptomatic uri-
nary tract infection should be treated.

 Prevention of Other Medical 
Complications

Patients being treated for ischemic stroke may be 
hospitalized and/or immobile for extended peri-
ods, therefore increasing the risk of medical com-
plications such as venous thromboembolism 
(VTE) or nosocomial infection. For the preven-

tion of VTE formation and subsequent pulmo-
nary or paradoxical emboli, mechanical 
prophylaxis and/or chemoprophylaxis should be 
considered. As described above, LMWH or UFH 
are the preferred agents for VTE prophylaxis dur-
ing pregnancy. Preventative measures to reduce 
nosocomial infection should be taken such as 
minimizing use of indwelling catheters, weaning 
ventilation as soon as possible, and limiting anti-
biotic usage.

 Prognosis

Maternal stroke has severe consequences with in- 
hospital mortality of 10–16%. It accounts for 
7.4% maternal deaths in the USA [6, 20, 80, 81]. 
Non-fatal stroke in young women can lead to 
long-term disability, depression, and financial 
consequences, with half of the survivors having 
residual neurological deficits [80]. Pregnant 
women should undergo a similar rehabilitation 
program to those who are non-pregnant, with 
modifications as needed. The elements associ-
ated with improved functional outcome follow-
ing a moderately disabling stroke include 
adequate intensity of therapy, task-oriented train-
ing, and excellent team coordination. It is impor-
tant that the rehabilitation therapies be tailored to 
the tasks that need to be retrained and developed, 
as well as to the activities of the patient’s choice 
and oriented to their social roles. The need for a 
highly coordinated, specialized team, who meet 
regularly to discuss the rehabilitation goals and 
progress, is also vital. Rehabilitation should start 
early during acute care following current stan-
dards of rehabilitation for stroke patients [82].

 Stroke Secondary Prevention

Women who are postpartum and have previous 
history of stroke require education and monitor-
ing, especially in the first 6 weeks after delivery 
when recurrent stroke risk rates have been 
reported to be highest. Following a pregnancy- 
related stroke, a women may also be at risk for 
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complications in future pregnancies. The risk of 
recurrent stroke has been reported to be between 
0 and 1.8% in a subsequent pregnancy and 0.5% 
in the future outside of pregnancy. This higher 
risk of stroke further strengthens the need to 
closely monitor future pregnancies. For example, 
women should be monitored for the presence of 
certain conditions such as thrombophilia or use 
of blood thinning medications such as aspirin.

 Cerebral Venous Sinus Thrombosis

Guidelines for venous thromboembolism are 
most commonly followed (aspirin, or low molec-
ular weight heparin, or both). Vascular neurology, 
hematology, and/or maternal fetal medicine con-
sultation should be conducted prior to subsequent 
pregnancy.

 Prevention of Preeclampsia [65]

Women with one or more of the following risk fac-
tors: history of preeclampsia, multifetal gestation, 
chronic hypertension, pre-gestational type 1 or 2 
diabetes, renal disease, or autoimmune disease 
should initiate low dose aspirin (81 mg/day) start-
ing between the 12th and 28th weeks of pregnancy 
and continue until delivery (Class I; Level of 
Evidence A) [62, 63, 66, 83, 84]. Calcium supple-
mentation of ≥1 g/dL orally should be considered 
for women with low dietary intake of calcium 
(<600 mg/day) to prevent eclampsia [66].

Finally, preconception counseling should be 
offered to all women prior to a future pregnancy 
and should include the following:

• Counseling on healthy diet, regular exercise, 
achievement of healthy body weight, smoking 
cessation, alcohol cessation, and other life-
style factors that may increase recurrent stroke 
risk during pregnancy.

• Address risk factors assessment, and pharma-
cological management.

• Review stroke etiology, and optimal 
treatment.

• Review current medications to evaluate for 
potential teratogenicity using available refer-
ence databases.

• Multidisciplinary approach to maternal-fetal 
care, including maternal-fetal medicine spe-
cialists, and stroke neurologists.

 Delivery Considerations After 
Stroke

Delivery after pregnancy-related stroke should 
be guided by obstetric indications. History of 
stroke is not a contraindication for vaginal deliv-
ery. Valsalva-related hemodynamic changes can 
be minimized with an assisted second stage of 
labor and appropriate analgesia. Cesarean deliv-
ery has not been shown to improve outcomes and 
is associated with an increased risk of peripar-
tum stroke of all types [3]. Epidural anesthesia is 
safe with aspirin 81  mg. A multidisciplinary 
approach to maternal-fetal care after stroke is rec-
ommended, including maternal-fetal medicine 
specialists, stroke neurologists, and obstetric 
anesthesiologists.

 Contraceptive Options After Stroke

All hormones increase the risk of venous or 
arterial thromboembolism with the risk 
increased in women with underlying thrombo-
genic mutations. Although stroke risk with com-
bined oral contraceptive is 1.7–2.0 times that of 
non-users, progestin-only contraception includ-
ing pills, implants, injectables, and intrauterine 
devices did not show an increased risk. 
Progesterone-only pills, progesterone-only or 
non-hormonal intrauterine devices or barrier 
contraception are considered safe in women 
with history of stroke [70]. Further studies need 
to be done to understand the risk of other meth-
ods in women with prior stroke.
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 Summary

Understanding the various risk factors and eti-
ologies can lead to a better approach for diagno-
sis and disease-specific treatment strategies to 
address neurological conditions in pregnant 
women. Additionally, further understanding 
will allow healthcare professionals to better 
assist patients as they address these neurological 
conditions and obstetrics. Given the role of isch-
emic strokes in pregnancy-related morbidity 
and mortality, further assessment and careful 
monitoring of risk factors can help guide timely 
and effective interventions and treatment 
decisions.
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7Pregnancy and Hemorrhagic 
Stroke

Mena Samaan, Deepika Dhawan, Linda Ye, 
Ramandeep Sahni, and Fawaz Al-Mufti

 Introduction

Stroke is the most common cause of long-term 
disability and a leading cause of death. 
Intracranial hemorrhage during pregnancy is a 
rare, yet severe pathology that occurs in 0.002–
0.05% of all pregnancies [1–3]. In fact, intracra-
nial hemorrhage is responsible for 5–12% of all 
maternal deaths [4, 5]. Intracerebral hemorrhage, 
specifically, was demonstrated in a 2006 study to 
account for 7.1% of all pregnancy-related mortal-
ity [3, 5]. Though rare, pregnant women are more 
prone to developing strokes than their non- 
pregnant counterparts underscoring the impor-
tance of screening and controlling risk factors. 
This increased risk of stroke is highest during the 
puerperium.

 Pathophysiology

A number of physiologic and pathologic changes 
occurring during pregnancy contribute to the ele-
vated risk of hemorrhagic stroke. Alterations in 
vascular tone, coagulation factors, and cardiovas-
cular and cerebrovascular changes are briefly dis-
cussed below. Additional information on 
coagulation factors and cardiovascular changes 
accompanying pregnancy are provided in Chaps. 
20 and 5, respectively.

 Vascular Tone

Changes in connective tissue during pregnancy 
contribute to the increased risk of hemorrhagic 
stroke in pregnant women. Several animal mod-
els have shown that cerebrovasculature architec-
tural changes occur during pregnancy, leading to 
decreased collagen, elasticity, and distensibility 
[5]. Although unclear on how these changes 
translate to humans, the cerebral arteries may not 
be able to compensate for the hypervolemia and 
increased cardiac demands, which could theoreti-
cally lead to increased risk of hemorrhagic infarc-
tions [6].

Additionally, disturbance in the cerebral 
autoregulation system because of chronic hyper-
ventilation during pregnancy may lead to higher 
cerebral perfusion pressures and cause further 
blood vessel damage. During pregnancy, the 
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increased susceptibility to forced dilation of 
cerebral blood vessels may be due to a variety of 
factors. Gestation-induced changes in the 
smooth muscle calcium-activated potassium 
channels, channels that regulate the arterial tone 
and pressure at which forced dilation occurs, 
have been shown in the myometrium [7]. It is 
possible that the same changes occur in the 
cerebral circulation [7]. Another factor that may 
increase the susceptibility to forced dilation 
during pregnancy is alterations in the state of 
actin polymerization in cerebrovascular smooth 
muscle [7]. This may lower the pressure at 
which forced dilation occurs [7].

Preeclampsia and eclampsia, a spectrum of 
pregnancy-related syndromes that are major risk 
factors for hemorrhagic stroke, has been associ-
ated with altered cerebrovascular activity and 
autoregulatory failure that causes forced dilation 
of the cerebral arteries and arterioles [8]. Patients 
in late pregnancy and postpartum period have 
been found to have dilation of their posterior 
cerebral artery at much lower pressures when 
compared to non-pregnant patients [8]. These 
alterations also lead to decreased cerebrovascular 
resistance and hyperperfusion, which would 
thereby increase the pressure in the microcircula-
tion [8]. While these changes are more prominent 
in eclampsia patients, normal pregnancies also 
exhibit progressive increase in cerebral perfusion 
pressure, decreased cerebrovascular resistance, 
and a shifted autoregulatory curve to the lower 
range of pressures [8].

In preeclampsia, evidence suggests that pla-
cental antiangiogenic factors, specifically soluble 
fms-related tyrosine kinase 1 and soluble endog-
lin are upregulated and disrupt the maternal 
endothelium, which can result in hypertension, 

proteinuria, and glomerular endotheliosis [9]. 
The regulation of these antiangiogenic factors in 
the placenta is unknown; however, this is an area 
that is currently being tested to predict and diag-
nose preeclampsia as well as identify therapeutic 
targets. Other possible mechanisms include 
reduced placental perfusion, aberrant trophoblast 
(blastocyst cell) invasion into the uterus and uter-
ine spiral arteries, and excessive intravascular 
inflammatory response to placental tissue [7, 10, 
11]. Fluctuating blood pressure may also play a 
significant role as it leads to variable degrees of 
vasospasm and vasodilation.

 Coagulation Factors

Although the physiological changes favor the 
development of a hypercoagulable state, in late 
pregnancy these changes can contribute to that 
develops in late pregnancy to risk of cerebral 
venous sinus thrombosis which can present with 
hemorrhagic venous infarct. The role of the coag-
ulation cascade in stroke in pregnancy was 
described in greater detail in Chap. 6: (Pregnancy 
and Ischemic stroke).

 Cardiovascular Hemodynamics

Pregnancy is considered a stress test of the mater-
nal cardiovascular system. Changes in cardiovas-
cular hemodynamics include increased blood 
volume and cardiac output by 30–50%, lower 
peripheral vascular resistance due to increased 
compliance, and increased left ventricular mass 
with eccentric remodeling, in addition to changes 
in coagulation factors (Table 7.1) [10].
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Table 7.1 Hemodynamic changes in pregnancy [12]

Hemodynamic 
parameter

Change at term pregnancy  
(% change)

Cardiac Output  
(L/min)

Up to 45% Increase

Systolic Blood 
Pressure (mmHg)

Decreased in first and second 
trimester, increased in third 
trimester

Diastolic Blood 
Pressure (mmHg)

Decreased up to 10% in first and 
second trimester, increased in 
third trimester

Mean Arterial 
Pressure (mmHg)

Decreased up to 10% in first and 
second trimester, increased in 
third trimester

Sympathetic 
Vasomotor Activity

Increased baroreceptor 
sensitivity and responsiveness to 
alpha-adrenergic stimulation

Renin-Angiotensin- 
Aldosterone System

Decreased plasma osmolality 
and hyponatremic hypervolemia 
occurs

Atrial natriuretic 
peptide

Increase by 40% to third 
trimester and 50% first week 
postpartum

Total Blood Volume Average 45% increase up to 
100%

Red Blood Cell 
Mass

Up to 40% increase

Left Ventricular Wall 
Thickness

Up to 28% increase

Left Ventricular Wall 
Mass

Up to 52% increase

Right Ventricular 
Wall Mass

Up to 40% increase

 Risk Factors

The most common cause of subarachnoid hemor-
rhage (SAH) or intracerebral hemorrhage during 
pregnancy or the postpartum is due to either 
aneurysmal rupture or bleeding from an arterio-
venous malformation (AVM) [5]. One recent 
study found that of 154 cases of intracranial hem-
orrhage, 77% were due to ruptured aneurysm and 
23% were due to ruptured AVM. The incidence 
of aneurysmal ruptures increases progressively 
throughout the three trimesters of gestation, with 
the highest incidence rate during the third trimes-
ter [4, 5]. In detailing timing, it has been found 
that 55% of aneurysm ruptures in pregnancy hap-
pen during the third trimester, 31% in the second 
trimester, 6% in the first trimester, and 8% in the 
postpartum period [5].

The data surrounding the increased risk of 
aneurysm rupture during pregnancy is controver-
sial and numerous studies have attempted to 
determine the cause of increased risk. Autopsy 
and angiographic studies have documented a 
higher prevalence of cerebral aneurysms in 
women, as well as a higher risk of rupture [13–
15]. There is also a difference in the distribution 
of aneurysm locations in women versus men. A 
recent retrospective observational study found 
that aneurysms in women were more likely to 
occur at the internal carotid artery and the poste-
rior communicating artery, while aneurysms in 
men most commonly occurred in the anterior 
cerebral artery. These data suggest an influence 
of hormonal factors, which could contribute to a 
higher hemorrhage risk [16].

Similarly, whether pregnancy and the puerpe-
rium truly increase the risk of AVM rupture is a 
topic of ongoing debate. Some studies have 
reported the odds for rupture of AVM during 
pregnancy and puerperium being significantly 
lower compared with the control period [17]. In 
contrast, a recent retrospective cohort reported a 
significant increase in the risk of AVM rupture 
among women with AVM who became pregnant 
before obliteration. In this study, the annual rate 
of hemorrhage was 5.7% in pregnant women 
compared with 1.3% in non-pregnant women 
[18].

Other common causes of hemorrhagic stroke 
in pregnant patients are preeclampsia, eclampsia, 
and/or HELLP syndrome [5]. Preeclampsia or 
eclampsia account for roughly 30% of intracra-
nial hemorrhages during pregnancy [4].

 Etiology

 Aneurysms and Arteriovenous 
Malformations (AVMs)

Aneurysms result from the weakening of arterial 
walls, which leads to the enlargement or out-
pouching of affected vessels. Aneurysms can 
leak or rupture into their surroundings, leading to 
SAH. Aneurysmal SAH (aSAH) presents clini-
cally with thunderclap headache, nuchal rigidity, 
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nausea, vomiting, seizures, and decreased levels 
of consciousness. Patients with aSAH often have 
complex hospital courses with post-insult com-
plications including hydrocephalus and vaso-
spasm [10].

AVM is a congenital abnormality character-
ized by the formation of tangled, malformed 
vessels with bypassing of capillary networks. 
The direct connection of arteries and veins can 
result in higher pressures being transmitted to 
abnormally formed, weakened blood vessels 
which then rupture. AVMs are important causes 
of hemorrhagic stroke with one review demon-
strating that these malformations accounted for 
intracerebral hemorrhage in 3 out of 14 patients 
[19]. It is estimated that 50% of AVMs present 
with intracranial hemorrhage, with prior hemor-
rhage being associated with a high risk of 
rebleeding [18]. Hemorrhage can occur within 
the parenchyma of the brain (intracerebral hem-
orrhage), in the subarachnoid space (SAH), or 
in the ventricles (intraventricular hemorrhage; 
IVH). Symptoms can be similar to that of 
aSAH. Notably, SAH from AVM is usually less 
severe than aneurysmal SAH (aSAH) and only 
infrequently results in vasospasm. In patients 
younger than 45 years old presenting with lobar 
hemorrhage, the most likely cause is AVM rup-
ture. Among the 50% of patients without hemor-
rhage, the most common presentations are: 
seizures (16–53%), headache (7–48%), and 
focal progressive (stroke like symptoms 
1–40%), deficit.

Aneurysms and AVMs in pregnancy are dis-
cussed in detail in Chaps. 8 and 9.

 Cerebral Venous Sinus Thrombosis 
(CVST)

CVST occurs in 9.1 per 100,000 pregnancies 
(95% CI of 4.3–18.9) [20]. The risk of CVST in 
pregnancy is increased, although pregnancy- 
associated CVST has a better prognosis than 
CVST from other etiologies. In the first trimester, 
the risk may be attributed to underlying thrombo-
philia, but the risk is most increased in the first 
4–8 weeks postpartum [21]. When CVST occurs, 

it impedes venous outflow resulting in dangerous 
venous congestion and risk of non-hemorrhagic 
or hemorrhagic ischemia or intracerebral hemor-
rhage. Parenchymal lesions caused by CVST dis-
play specific anatomic patterns that are 
determined by the site of venous occlusion. The 
sites most commonly affected according to the 
International Study on Cerebral Venous and 
Dural Sinuses Thrombosis (n = 624) are as fol-
lows: (1) Superior Sagittal Sinus: 62%, (2) 
Transverse (Lateral) Sinus: 41–45%, and (3) 
Straight Sinus: 18% [21]. The deep venous sys-
tem can also be affected in 11%, as well as inter-
nal jugular vein in 12% of patients. If the deep 
cerebral vein (or the draining straight sinus) is 
involved, infarcts can involve the globus pallidi 
[22–24].

The most common clinical findings of CVST 
include:

• Intracranial hypertension (headache in 90% of 
patients, and papilledema).

• Focal neurologic deficits (e.g., motor weak-
ness, sensory deficit, aphasia),

• Encephalopathy.
• Seizures (30–50%)

Clinically, a patient with CVST presents with 
symptoms of increased intracranial pressure 
(ICP), a focal brain lesion, or both. A headache is 
one of the most common symptoms and in some 
cases, the only symptom. Other symptoms 
include craniofacial pain, seizures, motor weak-
ness, visual field loss, and sensory symptoms.

CVST and ischemic stroke is discussed in 
Chap. 20. A detailed discussion of CVST in preg-
nancy is provided in Chap. 11.

 Hypertensive Disorders of Pregnancy

Hypertensive disorders of pregnancy are the 
leading cause of maternal stroke [25]. There are 
three different types of hypertension that occur 
during pregnancy:

• Chronic Hypertension: High blood pressure 
(>140/90 mmHg) that is present before preg-
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nancy, presents before week 20 in pregnancy, 
or that continues after delivery.

• Gestational Hypertension: High blood pres-
sure that develops after week 20 of pregnancy 
and resolves after delivery. Also referred to as 
pregnancy-induced hypertension (PIH).

• Preeclampsia: De-novo hypertension that 
presents after 20 weeks of gestation combined 
with proteinuria (>300 mg/day), other mater-
nal organ dysfunction, such as renal insuffi-
ciency, liver involvement, neurological or 
hematological complications, uteroplacental 
dysfunction, or fetal growth restriction [26].

Elevated SBP in particular has been shown to 
be a more important indicator in evaluating stroke 
risk than DBP. Martin et al. found that in 95.8% 
of the patients, the SBP was at or greater than 
160  mmHg right before the onset of a stroke 
while only 11% of patients exhibited DBP within 
the same severity range (≥110 mmHg) [27]. This 
emphasizes the importance of closely monitoring 
and controlling SBP to mitigate stroke risk.

 Preeclampsia and Eclampsia
Preeclampsia is a systemic syndrome that com-
plicates approximately 2–5% of pregnancies.

It is well established that women with a his-
tory of preeclampsia, chronic hypertension and 
gestational hypertension are at increased risk for 
preeclampsia recurrence. A recent large study 
which included 40,673 women has identified 
additional risk factors associated with preeclamp-
sia during subsequent pregnancies. These 
included obesity and diagnosis of gestational dia-
betes mellitus, which are independent from their 
age and inter-pregnancy interval. History of pre-
term delivery, perinatal mortality or low birth-
weight also showed association with higher risk 
for preeclampsia in subsequent pregnancies [25, 
28]. Preeclampsia classically manifests as new 
onset of hypertension with systolic blood pres-
sure (SBP) at or over 140  mmHg and diastolic 
blood pressure (DBP) at or over 90 mmHg on at 
least two occasions over a period of 4  h, and 
either proteinuria (>0.3  g protein in 24  h urine 
specimen) or end-organ dysfunction after 

20 weeks of gestation in a previously normoten-
sive woman. Preeclampsia is a leading cause of 
maternal and neonatal morbidity and mortality 
and can progress into the devastating condition, 
eclampsia. Guidelines for diagnosis of pre-
eclampsia are summarized in Table 7.2.

Eclampsia is a complication of 1–2% of severe 
preeclampsia cases in which the pregnant or 
recently delivered woman presents with new- 
onset seizures or coma in addition to preeclamp-
sia symptoms [27]. The frequency of hemorrhagic 
stroke in patients with eclampsia is high, with 
one studying finding that 89% of women with 
preeclampsia/eclampsia had hemorrhagic stroke. 
Eclampsia accounts for roughly one-third of all 
hemorrhagic strokes during pregnancy and is the 
main cause of intraparenchymal hemorrhages 
during pregnancy largely due to severe hyperten-
sion [31]. One study of 31 subjects found that 
eclampsia accounted for 44% of intraparenchy-
mal hemorrhages, often with poor maternal prog-
nosis [31]. Additionally, preeclampsia/eclampsia 
can be complicated by HELLP Syndrome, which 
involves a constellation of hemolysis, elevated 
liver enzymes, and low platelets from which the 
syndrome is named. Preeclampsia and eclampsia 
are described in detail in Chap. 12.

Clinical presentation of stroke during pre-
eclampsia/eclampsia most commonly includes 
severe headache. It is a key symptom in the early 
diagnosis of stroke in the puerperium period. 
Impairment of consciousness is another common 
symptom of preeclampsia-associated hemor-
rhagic stroke.

In 2013, the American College of Obstetricians 
and Gynecologists (ACOG) removed proteinuria 
as an essential criterion for diagnosis of pre-
eclampsia and included other maternal organ 
dysfunction (as outlined in the Table  7.2). 
Moreover, the International Society for the Study 
of Hypertension in Pregnancy (ISSHP) endorsed 
that there should be no attempt to diagnose mild 
versus severe preeclampsia clinically as all cases 
may become emergencies, often rapidly [30].

Severe features of preeclampsia indicating 
systemic dysfunction as outlined by ACOG are 
the following: [29]
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Table 7.2 Preeclampsia diagnostic criteria from ACOG and ISSHP criteria

ACOG (2019 Revision) [29] ISSHP (2018 Revision) [30]
New onset, persistent 
hypertension ≥20 weeks in a 
women with previously 
normal BP and

• SBP ≥140 mmHg or DBP ≥90 mmHg on 2 occasions ≥4 h apart or
•  SBP of ≥160 mmHg or DBP ≥110 mmHg confirmed within a short interval 

(minutes)

Proteinuria ≥300 mg per 24-h urine collection or Protein/Creatinine ratio of ≥0.3 or Urine 
Dipstick reading of 2+

Or In absence of proteinuria, 
new onset of:

•  Renal insufficiency (Serum Creatinine 
>1.1 mg/dL or doubling of serum 
Creatinine in absence of other renal 
disease)

•  Acute kidney injury (Serum Creatinine 
>1 mg/dL)

•  Impaired liver function (LFTs elevated 
twice normal)

•  Liver involvement (elevated LFTs with 
or without RUQ or epigastric pain)

• Thrombocytopenia (Platelets < 100) •  Hematological complications (platelets 
<150K, DIC, hemolysis)

•  New-onset headache (Unresponsive to 
medication and not accounted for by 
alternative diagnoses or visual 
symptoms)

•  Neurological complications 
(eclampsia, altered mental status, 
blindness, stroke, clonus, severe 
headaches, persistent visual scotomata)

• Pulmonary edema •  Uteroplacental dysfunction (fetal 
growth restriction, abnormal umbilical 
artery Doppler wave form analysis, or 
stillbirth)

RUQ right upper quadrant, DIC disseminated intravascular coagulation, LFTs liver function tests, ACOG American 
College of Obstetricians and Gynecologists, ISSHP International Society for the Study of Hypertension in Pregnancy

• Thrombocytopenia (Platelet count 
<100 × 109/L),

• Impaired liver function tests (to twice the 
upper limit of normal concentration) or severe 
persistent right upper quadrant or epigastric 
pain and not accounted for by alternative 
diagnoses.

• Renal insufficiency (Creatinine >1.1 mg/dL or 
doubling of Creatinine in absence of other 
renal disease)

• Pulmonary edema.
• New-onset headache unresponsive to acet-

aminophen and not accounted for by alterna-
tive diagnoses or visual disturbances.

 Postpartum Angiopathy (PPA)

Postpartum angiopathy is generally grouped 
under the overarching category of reversible 
cerebral vasoconstriction syndromes (RCVS) 
and is characterized by narrowing of the cerebral 

arteries without the presence of inflammation. 
Previous terms for the same disorder include 
benign angiopathy of the CNS, Call–Fleming 
syndrome, crash migraine, drug-induced arteritis, 
eclampsia-associated vasoconstriction, drug- 
induced angiitis, migraine angiitis, and CNS 
pseudovasculitis. PPA has a variety of clinical 
presentations including headache, focal neuro-
logical deficit, and seizures, but most often pres-
ents as multiple attacks of bilateral throbbing 
thunderclap headaches. These headaches are a 
presenting feature in 94% of cases over a mean 
period of 1 week and may occur spontaneously or 
be triggered by cough, exertion, or Valsalva. 
Visual blurring, scotomas, and blindness are also 
commonly associated. The cerebral vasoconstric-
tion of PPA is additionally associated with abnor-
mal brain imaging. Both hemorrhage and 
infarction are common presentations, but vaso-
genic edema is also seen [32].

The diagnostic criteria for RCVS include the 
following:
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• Thunderclap headache(s) with or without 
focal neurologic deficits or seizures.

• Monophasic course without new symptoms 
more than 1  month after initial onset of 
symptoms

• Multifocal, multi-vessel, segmental vasocon-
striction of cerebral arteries.

• Absence of aneurysmal subarachnoid hemor-
rhage, Normal or near-normal cerebrospinal 
fluid (CSF); CSF Protein < 100 mg/dL, CSF 
WBC <15 per mm3, CSF Glucose normal.

• Complete or substantial normalization of 
cerebral arteries within 12 weeks of symptom 
onset.

When clinical suspicion for RCVS is high 
despite normal vasculature on angiography per-
formed early after the onset of symptoms, repeat 
vascular imaging after several weeks is indicated 
in search of vasoconstriction. RCVS and PPA are 
discussed in detail in Chaps. 13 and 14, 
respectively.

 Posterior Reversible Encephalopathy 
Syndrome (PRES)

Also known as reversible posterior leukoenceph-
alopathy (RPLE), PRES is a relatively new brain 
disorder that predominantly affects the cerebral 
white matter with edematous lesions particularly 
involving the posterior parietal and occipital 
lobes, though they may spread to basal ganglia, 
brain stem, and cerebellum [33]. Involvement of 
midline structures including the thalami, basal 
ganglia, and brainstem are characteristic of the 
Central Variant of PRES. RCVS is quite common 
(24%) in PRES patients. Purported causes of 
PRES include uncontrolled hypertension with 
abrupt increase in blood pressure, preeclampsia 
and renal failure. It classically presents with 
encephalopathy, headache, nausea, vomiting, 
visual impairment and seizures and may be asso-
ciated with hydrocephalus. PRES is also dis-
cussed in Chap. 12.

 Collagen Type IV, Alpha 1 (COL4A1) 
Associated Syndrome [34]

This syndrome is caused by mutations in the 
COL4A1 gene encoding the type IV collagen 
alpha 1 chain. It is classically associated with 
porencephaly and infantile hemiparesis, but has 
more recently been recognized as a monogenic 
cause of small vessel disease that can present in 
adulthood. Stroke is often the first presentation of 
the disease with a mean age of onset of 36.1 years 
(SD, 12.95; range, 14–49). Hemorrhages, often 
recurrent, have been associated with physical 
trauma and activity and anticoagulant therapy. 
Migraine (with and without aura) was reported in 
ten subjects, with a mean age at onset of 31.7. 
Systemic features are also frequent, affecting the 
eye (10/21, 47.6%), kidney (15.4%), and muscle 
(15.4%). MRI often demonstrates leukoaraiosis 
(63.5%), microbleeds that are usually subcortical 
(52.9%), lacunar infarction (13.5%), and dilated 
perivascular spaces (19.2%). Extensive leukoara-
iosis was seen in a number of asymptomatic adult 
mutation carriers. Asymptomatic intracranial 
aneurysms were also common (44.4% of 18 with 
angiography).

 Diagnosis

 Brain Imaging

The use of computer tomography (CT) in the 
workup of stroke in pregnancy is described in 
detail in Chap. 20.

 Magnetic Resonance Imaging
The use of magnetic resonance imaging (MRI) in 
the workup of stroke in pregnancy is described in 
detail in Chap. 20.

 Lumbar Puncture
As SAH may be missed on CT, lumbar puncture 
may be used to make or confirm the diagnosis. A 
lumbar puncture (LP) significant for xanthochro-
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mia, a pink or yellow tint in the CSF representing 
hemoglobin degradation products, can be used to 
diagnose suspected subarachnoid patients with a 
normal CT scan [6]. The classic lumbar puncture 
findings for SAH are an elevated opening pres-
sure, an elevated red blood cell (RBC) count, and 
xanthochromia. While the presence of xantho-
chromia may confirm the diagnosis of SAH, the 
absence of xanthochromia does not exclude the 
occurrence of SAH as xanthochromia shows up 
at least 2  h after blood enters the CSF [35]. 
Therefore, if an LP is done soon after SAH onset, 
xanthochromia may not be visually detected in 
the specimen. In addition, while differential RBC 
counts between tube 1 through tube 4 have been 
used as a distinguishing feature between trau-
matic puncture and aSAH, a recent study showed 
that even in aSAH, a 25% reduction of RBC con-
centration may occur between first and fourth 
tube. Therefore, formal evaluation for the pres-
ence of a cerebral aneurysm via cerebral angio-
gram is still indicated [36].

 Evaluation for Hemorrhagic Stroke 
Mechanism

 Craniocervical Vessel Imaging
CT angiography (CTA), CT venography (CTV), 
MR angiography (MRA), MR venography 
(MRV) or digital subtraction angiography (DSA) 
can be used to investigate the underlying mecha-
nism of hemorrhagic stroke. MRA and MRV 
with gadolinium should be avoided in pregnancy. 
As an alternative to contrast injection, imaging of 
the arterial and venous circulation can be per-
formed using time-of-flight sequences.

 Diagnostic Cerebral Angiography
DSA is considered the gold standard to evaluate 
for vascular malformation or aneurysm in the set-
ting of SAH.  It is recommended to determine 
various characteristics of the lesion such as loca-
tion, size, flow rate, coexisting aneurysm, and 
type of venous drainage [36].

 Laboratory Evaluation
Complete blood count, comprehensive metabolic 
panel including renal function and liver function 
testing should be completed. Laboratory testing 
for inherited and acquired thrombophilia should 
be completed in pregnant women presenting with 
cerebral venous sinus thrombosis.

 Management

 Acute Management of Hemorrhagic 
Stroke

Goals for the acute management of hemorrhagic 
stroke include the following:

• Urgent support of vital functions (Airway, 
Breathing and Circulation).

• Prevention of hematoma expansion.
• Intracranial pressure management.
• Prevention of secondary brain injury.
• Prevention of medical complications.

 Urgent Support of Vital Function 
(Airway, Breathing and Circulation)
Early intubation is essential for patients with 
impaired arousal due to risk of aspiration, hypox-
emia, and hypercarbia.

 Prevention of Hematoma Expansion
Controlling blood pressure and reversing coagu-
lopathy is essential for preventing further hema-
toma expansion.

 Controlling Blood Pressure
In the setting of preeclampsia or severe hyperten-
sion with neurological symptoms, the goal is to 
achieve an urgent and sustained reduction of SBP 
and DBP to less than 160/110 mmHg to reduce 
the risk of maternal stroke. That can be followed 
by titration of medications to lower pressure 
below 140/90 mmHg. The impact of blood pres-
sure reduction on placental perfusion should be 
considered. Obstetrics/Maternal Fetal Medicine 
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practitioners should be involved in ongoing 
assessments of the maternal-placental-fetal unit 
and decision-making related to blood pressure 
lowering and the approach to fetal monitoring 
and surveillance where appropriate. Care must be 
taken to not cause hypotension or hypoperfusion 
[37, 38].

In pregnancy, first-line medications for blood 
pressure control are labetalol, methyldopa, and 
long acting nifedipine [39]. Selection of specific 
antihypertensive medication should consider 
side-effect profiles for the woman, fetus, or neo-
nate. Angiotensin-converting enzyme inhibitors 
and angiotensin II receptor blockers—two com-
mon classes of medications used in stroke pre-
vention—carry an increased risk of fetal 
complications (kidney injury) and low amniotic 
fluid, especially if used after the first trimester. 
These medications should be discontinued prior 
to pregnancy or as soon as a pregnancy is 
 recognized. If they have been inadvertently taken, 
prompt referral to a regional center for detailed 
fetal structural ultrasound and counseling is 
encouraged. Atenolol, angiotensin-converting 
enzyme inhibitor and renin direct renin inhibitors 
are contraindicated in pregnancy and should not 
be used (Class III; Level of Evidence C) [39]. 

Selected groups of antihypertensives are summa-
rized in Table  7.3 with consideration of their 
maternal and fetal adverse effects.

 Reversing Coagulopathy
In intracranial hemorrhage, evidence suggests 
that significant hematoma expansion usually 
occurs during the first 4 h after onset, making this 
the critical time window for a hemostatic treat-
ment [40–42]. In patients on anticoagulation 
medication, such as warfarin or direct oral anti-
coagulants (DOAC), prothrombotic strategies are 
typically employed to reverse the effects of these 
medications and thereby decrease hemorrhage 
and hematoma expansion [40–43]. Administration 
of an effective hemostatic agent at an early stage 
appears to accelerate the formation of a fibrin 
clot, which stops the bleeding. Specifically, for 
reversing heparin anticoagulation, protamine is 
the most effective treatment. The administration 
of protamine can rapidly and completely normal-
ize partial thromboplastin time (PTT) [43, 44]. 
Several treatment options can be considered for 
the reversal of warfarin anticoagulation with ele-
vated international normalized ratio (INR) which 
include fresh frozen plasma (FFP), prothrombin 
complex concentrates (PCC), and rF-VIIa [44]. 

Table 7.3 Summary of antihypertensive drugs used during pregnancy

Category Maternal side effects
Teratogenicity or fetal-neonatal 
adverse effects

Class/Level 
of Evidence

ACE Hyperkalemia Skeletal and Cardiovascular 
abnormalities, renal dysgenesis, 
pulmonary hypoplasia

III/C

If prior use, refer to OB for fetal 
structural ultrasound, and counseling

β-Blockers (Atenolol) Headache Associated with fetal growth 
restriction.

III/B

β-Blockers (Labetalol, 
Metoprolol)

Headache, may provoke asthma 
exacerbation

Animal studies have failed to reveal 
evidence of teratogenicity. Possible 
neonatal bradycardia

IIa/B

Calcium Channel 
Blockers (e.g. 
Nifedipine)

Headache, possible interaction 
with magnesium sulfate; may 
interfere with labor

No I/A

Centrally acting 
α2-adrenergic agonist 
(e.g. Methyldopa)

Sedation, elevated LFTs, 
Depression

No IIa/C

Hydralazine Reflex tachycardia, delayed 
hypotension

Neonatal thrombocytopenia, fetal 
bradycardia

III/B

Diuretics (thiazide) Hypokalemia No III/B

ACE angiotensin-converting enzyme, LFTs liver function tests
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Recent trials showed benefit of PCC over FFP 
where normalization of INR was achieved in 
77% of patients with PCC compared to 9% with 
FFP [44]. Also, PCC is capable of normalizing 
INR within minutes while FFP may require hours 
[44]. Moreover, there were no differences in 
thrombotic complications [45–48]. Vitamin K 
10 mg IV should be given for all life-threatening 
bleeding to reverse coagulopathy from warfarin 
administration and can be an adjunct to PCC 
reversal [45, 46]. Although there is minimal data 
with PCCs in pregnancy to inform decision- 
making regarding drug-associated maternal or 
fetal risk, it is classified as class “C” and should 
only be used if the benefits outweigh risks.

For DOAC-related Coagulopathy, typical 
coagulation tests (e.g., prothrombin time [PT], 
PTT, and INR) do not reflect the anticoagulant 
effect of these drugs. Specific anti-Xa assays are 
the preferred tests to evaluate the anticoagulant 
effects of factor Xa inhibitors (FXaIs), but these 
tests are not widely available. A recent trial eval-
uated reversal of rivaroxaban and apixaban by 
PCC and did show effective bleeding control, 
with few observed thromboembolic events [49]. 
Several novel DOAC reversal agents have been 
developed including idarucizumab, a monoclonal 
antibody fragment targeting dabigatran, and 
Andexanet alfa, a recombinant modified human 
factor Xa decoy protein that has been shown to 
reverse the inhibition of factor Xa [50, 51]. 
Unfortunately, studies evaluating these agents 
excluded pregnant women and many patients 
with severe ICH and poor prognoses. Furthermore, 
the reduction in anti-Xa activity associated with 
these agents was short-lived and returned to nor-
mal 4 h after completion of the infusion [52].

 Antifibrinolytic Therapy
The use of epsilon-aminocaproic acid resulted in 
decreased aneurysm rebleeding from 11.4% 
(non-treated patients) to 2.7% (treated patients); 
however, there was an eightfold increase in deep 
venous thrombosis in the treated group [53]. 
Tranexamic acid treatment is believed to reduce 
in-hospital morality in aSAH, although a recent 
study failed to show any difference in clinical 
outcome at 6 months as measured by the modi-
fied Rankin Scale [54, 55].

 Intracranial Pressure (ICP) 
Management
With intracerebral and subarachnoid hemor-
rhage, intracranial pressure (ICP) is increased 
given the mass effect of the clotted blood and 
secondary obstructive hydrocephalus that can 
complicate intracranial hemorrhage. Therefore, 
understanding how to identify and manage 
increased ICP is crucial.

Medical and surgical approaches to reducing 
ICP include: [56]

• Elevation of the head of the bed to 30°.
• Osmotherapy: Mannitol 20% 0.25–0.5  g/kg 

every 4 h.
 – Mannitol is assigned a pregnancy category 

C by FDA.  Mannitol can cause maternal 
dehydration, which can lead to hypoten-
sion, uterine hypoperfusion, and fetal 
injury. Mannitol is only recommended for 
use during pregnancy when benefit out-
weighs risk.

• ICP monitor placement in patients with hydro-
cephalus or clinical deterioration secondary to 
elevated ICP with goal ICP <20  mmHg and 
cerebral perfusion pressure (CPP) >70 mmHg.

• External ventricular drainage (EVD) may be 
indicated in patients with or at risk for 
hydrocephalus.

• Neurosurgical evaluation
 – Many patients with hemorrhagic stroke 

may need neurosurgical interventions (i.e., 
ventriculostomy; if there is evidence of 
hydrocephalus and for close intracranial 
pressure monitoring or hematoma evacua-
tion if there is significant mass effect).

 Prevention of Secondary Brain Injury

 Prevention of and Monitoring 
for Delayed Cerebral Ischemia (DCI)
Delayed cerebral ischemia (DCI) is a feared com-
plication of aneurysmal SAH (aSAH) and occurs 
in up to 30% of aSAH patients. DCI is defined as 
new infarct or neurological deterioration or both 
within 6 weeks of aneurysm rupture, regardless 
of presence of angiographic vasospasm. Large 
vessel vasospasm has historically been thought to 
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be the cause of DCI, but up to 70% of patients 
with aSAH present with angiographically evident 
narrowing of cerebral vessels, while only 20–30% 
of those patients have concomitant infarct or neu-
rological deterioration required for diagnosis of 
DCI [57].

Although there have been numerous trials to 
find effective pharmacological interventions to 
prevent DCI, nimodipine is the only agent that 
is associated with better outcome in SAH 
patients [58]. The standard regimen is 60  mg 
every 4 h for 21 days, but caution should be used 
in pregnant patients because although there is 
minimal data in humans, it has been linked with 
teratogenicity in some animal experiments [59, 
60]. Additionally, since nimodipine can cause 
hypotension, special care should be given to 
monitor hypoperfusion in the uteroplacental 
system to avoid detrimental effects on the fetus. 
In addition to pharmacologic intervention, 
patients should be maintained in a euvolemic 
state with normonatremia, as both hypovolemia 
and hyponatremia have been shown to increase 
the risk of development of DCI [58].

Early detection and diagnosis of DCI is vital 
for performing intervention and managing 
symptoms. Serial neurological examinations are 
required to monitor for presence of new-onset 
changes in neurological status. Transcranial 
doppler (TCD) can also be used to detect nar-
rowing of cerebral blood vessels and is non-
invasive and does not present any radiation 
exposure for mother or fetus. Additionally, mul-
timodal monitoring using ICP monitoring and 
parenchymal brain tissue oxygenation (PbtO2) 
can elucidate cerebral blood flow compromise 
and may be especially important in those 
patients who are intubated or sedated where a 
complete neurological exam may not be able to 
be performed [58]. Finally, clinical imaging to 
examine cerebral perfusion such CTA, CTP, or 
DSA should be considered and weighed with 
the risk of contrast and radiation exposure they 
present to mother and fetus. Further discussion 
of the risks and benefits of these imaging modal-
ities are discussed in Diagnosis: Brain Imaging 
section.

Glucose
Due to increased red cell turnover, hemoglobin 
A1C is slightly lower in normal pregnancy than 
in healthy non-pregnant women. The American 
Diabetes Association (ADA) recommends a fast-
ing glucose target <95 mg/dL and a 2-h postpran-
dial glucose <120 mg/dL [61]. Although pregnant 
women were excluded from a recent large, ran-
domized trial, which failed to support using 
intensive glucose control in acute ischemic 
stroke, it is reasonable to maintain a glucose level 
of 140–180  mg/dL for pregnant women with 
ischemic stroke. Insulin is the preferred medica-
tion for treating hyperglycemia during pregnancy 
[62]. Other oral and non-insulin injectable 
glucose- lowering medications lack long-term 
safety data [61].

Temperature
Fluctuations from normal temperature, including 
hyperthermia or hypothermia should be avoided. 
To limit secondary injury related to fever, any 
concurrent infection including asymptomatic uri-
nary tract infection should be treated.

Seizure Prophylaxis
Patients with intracranial hemorrhage including 
SAH have an estimated 30-day risk of clinically 
evident seizure activity of 8%, with lobar ICH 
(e.g., from AVM rupture) being an independent 
predictor of early seizure onset. Up to 2% of 
intracranial hemorrhage patients will develop 
convulsive status epilepticus after their index 
event, and status will be present in up to 28% of 
continuously monitored stuporous or comatose 
patients. Although prophylactic AEDs are usu-
ally not advised in acute intracranial hemorrhage, 
oral levetiracetam (500–1000 mg) can be consid-
ered in pregnancy and the postpartum when indi-
cated [63].

Prevention Other Medical Complications
Patients being treated for ischemic stroke may be 
hospitalized and/or immobile for extended peri-
ods, therefore increasing the risk of medical com-
plications such as venous thromboembolism 
(VTE) or nosocomial infection. For the preven-
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tion of VTE formation and subsequent pulmo-
nary or paradoxical emboli, mechanical 
prophylaxis and/or chemoprophylaxis should be 
considered. When indicated, chemoprophylaxis 
with low-molecular weight heparin (LMWH) or 
unfractionated heparin (UFH) is preferred. 
Chemoprophylaxis should be withheld for at 
least 24 h of stable hemorrhagic stroke, and ide-
ally for 2–3  days after hematoma size is stabi-
lized. Preventative measures to reduce nosocomial 
infection should be taken such as minimizing use 
of indwelling catheters, weaning ventilation as 
soon as possible, and limiting antibiotic usage.

 Disease Specific Treatment

 Intracranial Hemorrhage 
from Aneurysms and Arteriovenous 
Malformations (AVMs)
If the patient’s neurological and overall clinical 
status is stable, consider deferring treatment until 
the postpartum period. Current data seems to 
support no increased risk of aneurysmal sub-
arachnoid hemorrhage in patients with unrup-
tured intracranial aneurysm during pregnancy, 
delivery, and puerperium, although this topic still 
remains controversial [63]. Ruptured aneurysm 
should be treated urgently based on accepted 
standards of care. Intracerebral aneurysms and 
AVMs are generally managed via surgery or via 
endovascular treatment of the lesion. Generally, 
treatment for symptomatic, enlarging intracere-
bral aneurysms and AVMs are the same for both 
pregnant and non-pregnant women [5].

While endovascular coiling is well described 
for the management of unruptured and ruptured 
aneurysms, surgical clipping has often preferred 
for aneurysms with broad necks, a low neck-to- 
fundus ratio, distal segment lesions, or giant 
aneurysms. Although these lesions were previ-
ously not considered amenable to coiling, new 
devices including stents and flow diverters have 
permitted endovascular management of previ-
ously untreatable aneurysms [5]. Regardless of 
the modality, stabilizing the ruptured aneurysm is 
essential as multiple studies have found that 

interventional management of aneurysms is 
linked to lower maternal and fetal mortality rates 
compared to more conservative treatments [3, 4]. 
The procedure for surgical clipping is generally 
the same with a pregnant patient compared to a 
non-pregnant patient. However, additional pre-
cautions should be considered during pregnancy. 
The patient should be positioned supine, with her 
trunk rotated to the left side, on the operating 
table so that the fetus does not compress the infe-
rior vena cava [4]. Compression of the inferior 
vena cava can lead to decreased venous return, 
and, therefore, hypotension and shock [4]. 
Considerations for evaluation and management 
of unruptured and ruptured aneurysms in preg-
nancy are discussed in Chap. 8.

Compared to aneurysms, the treatment of 
AVMs tend to be less clear and more individual-
ized to each patient [4]. For symptomatic rup-
tured AVMs, treatment often involves surgical 
resection alone or staged embolization followed 
by surgical resection [5]. Evaluation of the mal-
formation’s angioarchitecture is typically done 
through non-invasive vessel imaging (CTA/
MRA) or conventional catheter angiography 
(DSA). This is essential to delineating key fea-
tures of the AVM including location of venous 
drainage and presence of any pre-nidal or intrani-
dal aneurysms that might be the source of the 
bleed [5]. When modalities employing ionizing 
radiation are used (i.e., CT/CTA/DSA), shielding 
of the abdominopelvic region should be in place 
to limit fetal radiation exposure.

Decisions regarding the approach to manage-
ment of an AVM, particularly one that is high- 
grade requiring multimodal treatment 
(combination of surgery, endovascular, or radio-
surgery), should be made with an interdisciplin-
ary team, including neurosurgery, neurology, 
radiology/radiation oncology, and specialists in 
maternal fetal medicine. Risks for endovascular 
and radiosurgical interventions include radiation 
and contrast exposure. Moreover, radiosurgical 
intervention is associated with a latency to oblit-
eration of 1–2 years and, therefore, will not afford 
protection during gestation. Although surgical 
resection lacks radiation risk, blood loss and use 
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of osmotic diuretics (e.g., mannitol) to reduce 
edema can result in both maternal and fetal 
compromise.

The hypertension that accompanies labor and 
delivery, specifically that corresponding to 
Valsalva in stage 2 of labor, has been considered 
a risk factor for aneurysm and AVM rupture. 
Therefore, control of hypertension and minimi-
zation in fluctuations of blood pressure is impor-
tant during this time [5]. Pregnant women who 
have had their aneurysms and/or AVMs definitely 
treated may undergo traditional vaginal delivery 
according to obstetric indications [4, 5]. Pregnant 
women who have not had their aneurysms and/or 
AVMs definitively treated may undergo either 
vaginal delivery or cesarean section depending 
on obstetric criteria and with modifications to 
prevent acute hemodynamic fluctuations [4, 5]. 
In most cases with residual lesions, women are 
able to undergo vaginal delivery without worsen-
ing symptoms. However, careful monitoring and 
meticulous care should be employed in these 
cases due to the risk of rupture [63].

 Cerebral Venous Sinus Thrombosis 
[64–66]
For acute CVST occurring during pregnancy, 
consider treatment with full therapeutic doses of 
anticoagulation (UFH or LMWH) even in the 
presence of a hemorrhage with continuation for 
the remainder of pregnancy and for at least 
6 weeks postpartum or until a postpartum switch 
to oral anticoagulation is feasible. Based on the 
guidelines of the European Federation of 
Neurological Societies (EFNS), in cases where 
patients are resistant to anticoagulation therapy, 

exhibit worsening of symptoms, do not have an 
intracranial hemorrhage, or are not at risk for an 
herniation, endovascular thrombolysis and surgi-
cal thrombectomy may also be considered [66].

For women with a remote history of spontane-
ous CVST, not currently anticoagulated, it is rea-
sonable to consider LMWH prophylaxis during 
pregnancy and at least 6 weeks postpartum.

Although the risk of recurring CVST in preg-
nancy is limited [67]. further counseling and 
assessment should be taken to help best evaluate 
individual risk in future pregnancies. Warfarin 
crosses the placenta, is potentially teratogenic, 
and can result in fetal bleeding and, therefore, 
should be avoided especially between 6- and 
12-weeks gestational age. There are insufficient 
data on the safety of direct oral anticoagulants 
(DOAC) (apixaban, dabigatran, edoxaban, rivar-
oxaban) in pregnancy. Switching to LMWH is 
encouraged as soon as a pregnancy is identified 
or if pregnancy is planned.

IV UFH could be considered in a hospitalized 
woman in place of LMWH if there is concern 
about need for urgent delivery or invasive proce-
dures. A low dose, without bolus is the preferred 
dose in stroke patients including during preg-
nancy. Table 7.4 provides a summary of relative 
fetal risks of anticoagulants.

Anticoagulation should be suspended prior to 
administration of regional anesthesia or planned 
induction:

• If low-dose LMWH: stop at least 12 h prior to 
regional anesthesia or planned induction.

• If full-dose LMWH: stop at least 24 h prior to 
regional anesthesia or planned induction.

Table 7.4 Teratogenic risks antithrombotic therapies

Antithrombotic drugs Placental transfer First trimester Second and third trimester
Low-dose aspirin 
(60–150 mg/day)

Yes Contraindicated (risk of 
gastroschisis)*

Not Contraindicated

Other Antiplatelets No data No data No data
Warfarin Yes Contraindicated 

(Teratogenic)
Not preferred Regular check 
of INR

UFH No data Not contraindicated 
Risk of HIT

Not contraindicated Risk of 
HIT Regular check of aPTT

LMWH No data Not contraindicated Not contraindicated
DOAC Dabigaran: Yes Rivaroxaban: Yes 

Apixaban: No data Edoxaban: No 
data

No data No data

UFH unfractionated heparin, LMWH low-molecular weight heparin, DOAC direct oral anticoagulant
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LMWH or UFH can be restarted at least 4–6 h 
after the removal of the neuraxial catheter if 
bleeding is well controlled and there are no neur-
axial concerns. The regimen can then be contin-
ued for 6–12  weeks post-delivery. If 
anticoagulation is required beyond 6–12  weeks 
post-delivery, LMWH, and warfarin are both 
considered safe options during breastfeeding. 
The safety of direct oral anticoagulants in breast-
feeding has not been established. The duration of 
anticoagulation is determined by results of a 
thrombophilia panel. Long-term anticoagulation 
therapy should be reconsidered in cases where 
patients have recurrent episodes of CVST or 
those who have an episode of CVST with 
“severe” thrombophilia. Newer anticoagulants 
have also been developed, although research on 
their use and effects in pregnant women is limited 
[68]. Oral direct thrombin inhibitors and factor 
Xa inhibitors have been developed recently. 
Some research has found trace levels of a direct 
thrombin inhibitor in breast milk [68]. Therefore, 
while further evidence is obtained, these types of 
anticoagulants should be avoided in women who 
are breastfeeding.

Aspirin is considered relatively safe at low 
doses (60–150  mg/day) after the first trimester. 
The safety of ASA after the first trimester is well- 
established from trials of its use in prevention of 
preeclampsia development in high-risk women, 
including those with recurrent fetal loss [69, 70]. 
Theoretical concerns over premature closure of 
the ductus arteriosus have not been borne out in 
trials. Additionally, aspirin is not excreted into 
breast milk and therefore considered safe for 
women during breastfeeding.

Anticoagulation during pregnancy is dis-
cussed in detail in Chap. 15.

 Hypertensive Disorders of Pregnancy
The main goal for the treatment of preeclampsia, 
eclampsia, and HELLP syndrome is to stabilize 
the mother, prevent recurrent eclamptic seizures, 
and treat the severe hypertension to reduce or pre-
vent cerebral edema and hemorrhage. Prompt 
delivery is recommended as it is the only definitive 
cure for preeclampsia, eclampsia, and HELLP.

Antihypertensive therapy is suggested for 
adult pregnant women with systolic pressures 
over 140  mmHg and diastolic pressures over 
90 mmHg. Magnesium sulfate 1–3 g/h should be 
administered to prevent recurrent eclamptic sei-
zures; the only known cure is delivery of the pla-
centa. Platelet transfusion should be administered 
in HELLP syndrome patients with maternal 
bleeding or platelet count of <20,000 cells/μL.

 Prognosis

Maternal stroke has severe consequences with in- 
hospital mortality of 10–16%. It accounts for 
7.4% maternal deaths in the USA [21, 22, 71, 
72]. The prognosis of hemorrhagic stroke occur-
ring during pregnancy or the postpartum seems to 
be more severe than ischemic stroke [5]. Adequate 
care in an intensive care environment can ensure 
a better prognosis [5]. Additionally, a hemor-
rhagic stroke during pregnancy requires the treat-
ing team to balance maternal care with 
considerations of fetal risk. Prognosis in the set-
ting of maternal stroke is discussed in more depth 
in Chap. 20.

 Stroke Secondary Prevention

• Described in greater detail in Chap. 20.

 Summary

Given the role of hemorrhagic strokes in 
pregnancy- related morbidity and mortality, fur-
ther assessment and careful monitoring of risk 
factors can help guide timely and effective inter-
ventions and treatment decisions.
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8Cerebral Aneurysms in Pregnancy: 
Considerations for Diagnosis 
and Management

Michael S. Rallo, Neil Majmundar, 
Sanjeev Sreenivasan, Arevik Abramyan, 
Priyank Khandelwal, Ashish Sonig, 
Sudipta Roychowdhury, Anil Nanda, 
and Gaurav Gupta

 Introduction

The management of cerebral aneurysms, both 
unruptured and ruptured, during pregnancy poses 
a unique challenge for clinicians not only in clini-
cal decision making, but also patient counseling. 

Cerebral aneurysms, when ruptured, represent a 
significant cause of morbidity and mortality in 
pregnant patients. This chapter focuses on (1) nat-
ural course, in particular the association of preg-
nancy and risk of rupture; (2) role of endocrinologic 
changes upon aneurysm formation and evolution; 
(3) management; (4) fetal risks and protective 
measures; and (5) mode and timing of delivery.

 Pathology and Pathogenesis 
of Aneurysms and Subarachnoid 
Hemorrhage

Cerebral aneurysms are acquired, degenerative 
cerebrovascular lesions that arise in areas of 
weakness within the arterial wall. The majority 
of aneurysms arise sporadically under the influ-
ence of genetic, hemodynamic, inflammatory, 
and endocrinologic factors [1]. Polymorphisms 
and mutations conferring increased risk of cere-
bral aneurysms have been identified in genes 
encoding collagen, elastin, matrix metalloprote-
ases (MMPs), vasoregulators (i.e., ACE and 
NOS5), and inflammatory factors (i.e., IL6) [2]. 
Cerebral aneurysms also occur in several syn-
dromes, most notably autosomal dominant poly-
cystic kidney disease (ADPKD) and 
Ehlers-Danlos [3, 4]. Endothelial dysfunction, 
incited by hemodynamic stress (i.e., as in hyper-
tension) and environmental influences (i.e., ciga-
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a b

Fig. 8.1 Illustration of normal cerebrovascular anatomy (a) and the presence of a cerebral aneurysm in the anterior 
communicating artery region (b)

rette smoke, alcohol), is thought to be the earliest 
pathogenic event in aneurysm formation [5–7]. 
This injury invokes a coordinated inflammatory 
response leading to further vessel weakening, 
growth of the aneurysm, and rupture [8, 9]. 
Figure 8.1 demonstrates the appearance of a cere-
bral aneurysm and localization to bifurcations.

Pregnancy has been purported as a risk factor 
for cerebral aneurysm rupture and subsequent 
subarachnoid hemorrhage (SAH) [10]. The risk 
is hypothesized to result from the cardiovascular 
hemodynamic changes that accompany preg-
nancy, particularly the increased cardiac output 
and blood volume that peaks in the third trimester 
and enhanced cerebral blood flow resulting from 
estrogen [11, 12]. A similar increase in risk of 
rupture has been reported during vaginal delivery 
and is thought to result from spikes in blood pres-
sure accompanying Valsalva in the second stage 
of labor [13, 14]. The notion of pregnancy and 
delivery increasing risk of aneurysm rupture has 
been opposed by more recent studies making this 
a topic of controversy; this will be discussed in 
more detail below [15].

Hormonal influence plays an important role in 
modulating aneurysm formation and growth across 
the lifespan and is thought to underly the disparity 
in aneurysm risk between males and females.

Epidemiologic studies have identified a female 
preponderance of cerebral aneurysms, particu-
larly in women over the age of 50, suggesting 
that estrogen deficiency associated with meno-
pause may influence aneurysm formation and 

growth [16, 17]. Focused analysis of aneurysms 
in cohorts of pre- and post-menopausal females 
has, indeed, demonstrated that the prevalence of 
aneurysms is higher following menopause and 
that menopause is associated with a trend toward 
increased aneurysm dome and neck size. 
Interestingly, aneurysms in premenopausal 
women displayed a trend toward a greater num-
ber of lobes [18]. Moreover, earlier age of meno-
pause has been associated with increased 
incidence of aneurysms [19]. Transcriptome 
studies have identified differential expression of 
genes related to the estrogen receptor pathway in 
cerebral aneurysm tissue providing a molecular 
basis for the observations from the above 
described epidemiologic studies [20]. Estrogen is 
thought to have an important role in maintenance 
of cerebrovascular homeostasis and vessel wall, 
particularly endothelial, integrity through its 
antioxidant and anti-inflammatory effects [21, 
22]. Relating to its role in inflammation, estrogen 
deficiency has been shown to increase risk of 
aneurysmal rupture through upregulation of 
IL-17A, IL-6, and circulating Th17 cells [23, 24]. 
This is supported by animal studies in which 
estrogen deficiency, induced by ovariectomy in 
females, increased the incidence of aneurysm 
formation and rupture. This effect was abrogated 
by administration of an estrogen receptor-β ago-
nist, although treatment with a nitric oxide syn-
thase inhibitor was sufficient to negate this 
protective effect [25, 26]. Of clinical relevance, 
there is evidence identifying reduced risk of 
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aneurysmal rupture in women treated with hor-
monal replacement therapy, however, future 
research is necessary before such therapy can be 
adopted [27]. The conflicting reports of elevated 
aneurysm risk in pregnancy, a high estrogen state, 
and in post-menopausal women, characterized by 
estrogen deficiency, further highlight the need for 
additional scientific evaluation of the role of sex 
steroids in cerebrovascular disease.

 Epidemiology, Presentation, 
and Natural Course

 Scope of the Problem

The prevalence of unruptured intracranial aneu-
rysms in the general population has been esti-
mated to be 3.2% with a mean age of 50 years old. 
Female sex is an important risk factor for aneu-
rysms, with females over the age of 50 having a 
twofold greater prevalence than males. Female 
sex is also associated with larger aneurysm size 
and presence of multiple aneurysms [17, 28, 29]. 
Based on this prevalence data, it is estimated that 
1.8% of women of childbearing age harbor an 
unruptured intracranial aneurysm [15].

Rupture resulting in SAH is the most feared 
outcome of cerebral aneurysm and carries sub-
stantial morbidity and mortality [30]. The devas-
tating consequences of aneurysmal SAH (aSAH) 
are reflected by the case fatality rate of 30–40% 
within the first 3 months following rupture [31, 
32]. In addition to female sex, larger aneurysm 
size, location of the aneurysm in the posterior cir-
culation, symptoms associated with the aneu-
rysm, and older age are all associated with higher 
risk of rupture [33]. Early studies indicate that 
the incidence of aneurysm rupture during preg-
nancy is significantly elevated, approximately 
3–11 per 100,000 pregnancies, resulting in sub-
stantial fetal mortality and maternal morbidity 
and mortality [10, 34, 35]. One study identified 
SAH resulting from aneurysm and AVM as the 
third leading cause of nonobstetric maternal 
death [35]. Another reported aSAH as the cause 
of nearly half of all intracranial hemorrhages dur-
ing pregnancy. The lack of a control group in this 
study, however, limits the generalizability of the 
results [10]. These findings are contrasted by 

more recent analyses demonstrating similar rates 
of aneurysm rupture in women during pregnancy 
and delivery compared with non-pregnant women 
of childbearing age. Importantly, these new stud-
ies included appropriate control groups and for 
the larger one was substantially more powerful 
[15, 36]. While this data is controversial, the inci-
dence of aneurysm rupture in late gestation is 
consistent with purported role for increased car-
diac output, plasma volume, and blood pressure 
underlying rupture risk [10, 23].

 Clinical Manifestations and Natural 
Course

Most cerebral aneurysms (approximately 85%) 
are located in the anterior circulation, mostly 
within the Circle of Willis reflecting their ten-
dency to form at bifurcations. Interestingly, there 
appears to be a great deal of gender discrepancy 
in  localization, with females more likely to 
develop aneurysms along the internal carotid 
artery (ICA), especially at the posterior commu-
nicating artery (PCOM) junction, and males 
more likely to develop them along the anterior 
cerebral artery (ACA) [37–39]. While unruptured 
aneurysms continue to grow under the influence 
of biologic and hemodynamic factors, they typi-
cally remain asymptomatic [40]. Rarely, they 
may produce symptoms of mass effect including 
headache or focal neurological deficit due to 
compression of surrounding structures including 
cranial nerves, optic or pyramidal tracts, or brain 
parenchyma [41–43]. Onset of new neurological 
deficit, especially acute, in any patient warrants 
neurological evaluation.

In patients whom aneurysmal rupture occurs, 
the classic complaint is the sudden onset of a 
headache which immediately reaches maximal 
intensity (i.e., “the worst headache of life”) [44]. 
Other symptoms include brief loss of conscious-
ness, nausea or vomiting, and those of meningeal 
irritation (meningismus), including nuchal rigid-
ity, neck or back pain, and photophobia [45]. The 
clinical setting of aSAH onset may be important; 
there are innumerable anecdotal reports and some 
larger studies describing onset of the headache 
associated with aSAH during or following peri-
ods of moderate or severe exertion (e.g., sneez-
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ing, micturition, exercise, strenuous work, sexual 
intercourse, and emotional shock). These are 
activities primarily involving rapid increase in 
blood pressure, and therefore increased aneu-
rysm wall stress, due to enhanced sympathetic 
tone or some form of Valsalva maneuver [46]. 
This is the physiological basis underlying sup-
posed risk of rupture during childbirth.

For the 80–85% of individuals with aSAH 
who survive until hospitalization, the clinical 
course is complicated. This is especially true in 
the setting of pregnancy, where consideration 
must be given to both maternal and fetal health. 
The earliest, most important cause of death in 
aSAH patients is aneurysm rerupture (3–4% 
risk in first 12 h; 1–2% daily risk in first month; 
3% risk in first year) [47]. Elimination of this 
risk is only accomplished through early inter-
vention either by surgical clipping or endovas-
cular occlusion [48]. Rebleeding from an 
untreated ruptured aneurysm is particularly con-
cerning during pregnancy, due to hemodynamic 
changes, and is a significant source of maternal 
mortality [10, 49]. Elevations in intracranial 
pressure (ICP) related to the initial hemorrhage 
volume, hydrocephalus, cytotoxic edema, and 
cerebral hyperemia have been reported to occur 
in up to 81% of patients with SAH [50]. 
Hydrocephalus presenting acutely is typically 
obstructive (non- communicating) due to 
impaired CSF circulation within the ventricular 
system (e.g., blood clots in cerebral aqueduct or 
outlets of fourth ventricle) [51, 52]. Ischemic 
complications of aSAH results acutely due the 
reduction in cerebral blood flow (CBF) accom-
panying elevations in ICP [53, 54]. These events 
contributing to early brain injury in SAH are 
also predictive of later complications, including 
the classic syndrome of delayed cerebral isch-
emia (DCI) [55]. Outside of the nervous system, 
SAH may exhibit manifestations including car-
diovascular, respiratory and endocrine dysfunc-
tion, hematologic and fluid/electrolyte 
disturbances, and gastrointestinal complications 
[56]. Future research is necessary to determine 
how the physiological changes accompanying 
pregnancy may modify the natural history of 
unruptured and ruptured cerebral aneurysms.

 Diagnostic Considerations 
for the Pregnant Patient

 Clinical Evaluation and Grading

Clinical evaluation of the pregnant patient with 
aSAH does not vary substantially from that of the 
general aSAH population. The most likely con-
cern regarding evaluation under these circum-
stances is radiation exposure and the potential 
risk to the fetus, which will be discussed in the 
following neuroimaging section. Though rare, 
these situations provide a unique opportunity for 
multidisciplinary collaboration of clinicians from 
a variety of specialties, including neurosurgery, 
neurology/neurocritical care, obstetrics/gynecol-
ogy, anesthesiologists, and radiology. Early con-
sultation and evaluation by this team is crucial to 
establishing a plan of care that ensures maternal 
and fetal safety.

While headache is the most common and clas-
sical presentation of SAH, it is a relative unspe-
cific finding. Indeed, headache is the most 
common neurological complaint reported by 
pregnant women in the emergency department 
and may represent a variety of conditions includ-
ing pre-eclampsia, reversible cerebral vasocon-
striction syndrome (RCVS), cerebral venous 
thrombosis [57]. It is critical for evaluating clini-
cians to consider SAH in all pregnant patients 
presenting with severe headache: this should 
include obtaining a noncontrast head computed 
tomography (CT) scan and performing a lumbar 
puncture if imaging is nondiagnostic but SAH is 
still suspected [58].

 Neuroimaging

The mainstay imaging modality for the detection 
of suspected SAH is noncontrast CT, which typi-
cally reveals hypderdense blood in the basilar 
cisterns that may extend within the subarachnoid 
space to the sylvian fissures, interhemispheric fis-
sure, interpeduncular fossa, and suprasellar, 
ambient, and quadrigeminal cisterns [59]. Of 
concern in the pregnant patient is the reliance of 
CT on ionizing radiation which poses potential 
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fetal risk. While it may be tempting to utilize 
MRI in evaluation of the pregnant patient with 
suspected intracranial hemorrhage, the speed and 
sensitivity of CT, and the exclusion of the abdo-
men from the field of scan makes it a more appro-
priate choice. Of course, all precautions must be 
taken to reduce fetal exposure (i.e., lead shielding 
of abdomen and pelvis) [60, 61].

Identification of the source of bleeding 
through angiography is the next step in the evalu-
ation of SAH.  CT and MR angiography (CTA/
MRA) are noninvasive modalities that are sensi-
tive to the majority of aneurysms, although they 
are less sensitive for detecting lesions less than 
three millimeters [62]. The benefit of CTA is that 
it can be performed rapidly and easily with the 
patient not even being required to move follow-
ing the initial noncontrast CT.  However, CTA 
exposes the patient to ionizing radiation and 
iodinated contrast. MRA is typically performed 
utilizing a gadolinium-based contrast agent 
which is also known to cross the placenta and 
accumulate in fetal tissues. However, certain 
MRI sequences (i.e., time of flight, TOF) which 
do not require contrast have demonstrated similar 
sensitivity to detecting aneurysms as conven-
tional MRA and CTA and therefore may provide 
an alternative in pregnant patients [63]. However, 
the logistical challenges associated with 
MR-based techniques, including scanning time 
and requirement for limited movement, may 
reduce its applicability in this setting. 
Conventional digital subtraction angiography 
(DSA) is considered the gold standard for identi-
fying the source of bleeding due to its high reso-
lution; DSA can identify even the smallest 
aneurysms and appraise their anatomic/morpho-
logic features [58]. DSA is often required for pre-
operative planning and permits immediate 
endovascular intervention if an aneurysm is iden-
tified and considered amenable to this approach. 
For these reasons, at some institutions, DSA is 
the first line angiographic imaging technique for 
evaluation of SAH. However, DSA requires arte-
rial catheterization, substantial exposure to ion-
izing radiation, and administration of iodinated 
contrast. These risks are not negligible and must 
be discussed with the patient or family. Despite 

these risks, pregnancy should not delay or deter 
performing DSA required for decision making or 
intervention. With appropriate shielding and lim-
itation of beam time, the estimated fetal radiation 
well below the accepted limit [64]. Considerations 
for neuroradiologic imaging in the pregnant 
patient is reviewed extensively in a separate 
chapter.

 Counseling and Management

The literature related to the management of preg-
nant patients with cerebral aneurysms is sparse 
consisting of single case reports or series and 
very few large-scale studies. There are no guide-
lines or consensus statements on this subject and 
the discussion below consists of reviews of 
reported cases and expert opinions.

 Counseling: Patients Planning 
to Become Pregnant and Hereditary 
Concerns

Previous reports of elevated risk of SAH second-
ary to aneurysm rupture have led some clinicians 
to counsel against childbearing in women with 
known aneurysms. In those women who chose to 
become pregnant, delivery via cesarean 
(C)-section was recommended. This is reflected 
by the disproportionate incidence of C-section in 
women with unruptured aneurysms (70% of 
deliveries) compared to the general population 
(25% of deliveries) [15]. However, these recom-
mendations do not appear to be supported by 
more recent evidence [15, 36]. Rather, an aneu-
rysm identified in a nongravid woman should be 
treated based on individual risk factors for rup-
ture. Treatment is generally safer prior to preg-
nancy as it limits the potential of fetal exposure to 
radiation in endovascular treatment or hypoxia 
that is risked by maintenance of reduced blood 
pressure in surgical clipping [65].

Counseling of women intending to become 
pregnant may also involve a discussion of the 
genetics of intracranial aneurysms as it relates to 
preconception screening and risk of hereditary 
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transmission. Familial clustering of intracranial 
aneurysms is well described: first-degree rela-
tives of individuals with intracranial aneurysms 
or sporadic SAH have a two to four-fold increased 
risk of developing an aneurysm compared to the 
general population [66, 67]. In addition, familial 
aneurysms rupture more frequently than sporadic 
aneurysms and demonstrate a tendency to rupture 
at younger age, often within the same decade in 
siblings, and at smaller sizes [68, 69]. For patients 
with aneurysm in the setting of ADPKD, where 
the incidence of aneurysm ranges from 5 to 10% 
throughout the lifespan, risk of rupture has been 
reported as high as 80% with rupture occurring 
before the age of 50 in 64% [70]. Screening for 
aneurysms by CTA or MRA in patients with fam-
ily history is, generally, recommended when 
there are two or more affected first-degree rela-
tives [68, 71]. Recommendations for screening in 
ADPKD patients currently remains limited to 
those at high risk, including family history of 
aneurysm or intracranial hemorrhage [72–74]. 
While no formal guidelines exists, we recom-
mend screening according to the above guide-
lines prior to conception in women intending to 
become pregnant to facilitate preconception 
intervention, if neurosurgically indicated. 
Patients concerned for the health of their expected 
child should be appropriately counseled on the 
current data regarding familial aneurysms, indi-
cating that the likelihood of hereditary transmis-
sion is relatively low, and reassured by modern 
ability to detect and treat these lesions.

 Management of Unruptured 
Aneurysms in Pregnancy

There is minimal evidence and no formal guide-
lines for decision making regarding management 
of unruptured aneurysms identified during preg-
nancy. The conventional dogma regarding unrup-
tured aneurysms in pregnancy is that they only 
warrant treatment if they are symptomatic or con-
tinually enlarging [75]. This is largely based on 
several studies of the natural history of unrup-
tured aneurysms identifying extremely low rates 
of rupture and hemorrhage in small, asymptom-

atic aneurysms, including both the International 
Study of Unruptured Intracranial Aneurysm 
(ISUIA), first published in 1998, and the 
Unruptured Cerebral Aneurysm Study (UCAS) 
Japan published nearly 10 years later [76–78]. 
Factors associated with increased risk of rupture 
include: larger (>7  mm) aneurysm size, aneu-
rysm growth, symptoms related to the aneurysm, 
presence of a daughter sac, localization to the 
posterior circulation, and previous history of 
SAH [77–80]. The overall conclusion of these 
studies has been that intervention is unlikely to 
alter the natural course for small, stable aneu-
rysms without symptoms, but has the potential to 
result in significant complication [78, 81]. 
Therefore, in the pregnant patient with a diag-
nosed, low risk (relatively small, asymptomatic) 
aneurysm, it is reasonable to recommend moni-
toring, preferably via noncontrast MRA, to detect 
changes in aneurysm size during gestation. This 
complements recommendations for screening for 
growth in the general population with unruptured 
aneurysms [74].

Large size, aneurysm growth, or development 
of symptoms should warrant strong consideration 
of intervention [15, 75]. A recent analysis has cri-
tiqued this approach suggesting that intervention 
for smaller aneurysms (6  mm) may be prudent 
due to their higher propensity for rupture in preg-
nant patients [82]. The choice of intervention 
remains controversial: there are significant risks 
to both endovascular and surgical therapies and 
both have been reported in the pregnant popula-
tion with success [83, 84]. Endovascular emboli-
zation offers shorter operating times, less 
anesthesia exposure, minimal impact on maternal 
hemodynamics, and shorter hospital stays com-
pared to surgical clipping [82, 84]. Moreover, the 
reported fetal dose of radiation associated with 
DSA during embolization is well below the 
established acceptable limits, thereby reducing 
concerns of undue fetal radiation [64]. 
Furthermore, as endovascular interventions tran-
sition toward a radial first approach, further stud-
ies regarding radiation exposure to the fetus with 
adequate protection will be interesting to follow. 
For these reasons, it appears reasonable to rec-
ommend endovascular embolization for the 
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 management of unruptured intracranial aneu-
rysms in the pregnant patient in accordance with 
neurosurgical indications. Delay of the procedure 
past the stage of organogenesis, when appropri-
ate, may help minimize fetal risk from radiation 
[75, 85]. Figures 8.2, 8.3 and 8.4 summarizes 
these available treatment modalities. However, 
this should not place the patient at undue risk of 
rupture. As with all medical decisions, thorough 
discussion of the intervention and potential com-
plications with the patient is essential. Regarding 
delivery, at this time there is insufficient evidence 
associating vaginal delivery with an increased 
risk of aneurysm rupture to support recommen-

dation of C-section [15, 36]. However, it has been 
suggested that these recommendations should be 
stratified: women at higher risk, for example, 
with aneurysm and concurrent gestational hyper-
tension, may benefit from C-section, while those 
at lower risk can undergo vaginal delivery [85]. 
Vaginal delivery should be accompanied by suf-
ficient analgesia as to limit maternal stress and 
acute hemodynamic changes [86]. The decision 
making process regarding intervention and mode 
of delivery in this setting should include multi-
disciplinary discussion with the interventionalist, 
obstetrician, and anesthesiologist to ensure the 
safest and most effective approach is chosen.

 Management of Ruptured Aneurysms 
in Pregnancy

The management of ruptured aneurysms and 
resultant aSAH is complex. This section will be 
limited to decision making regarding interven-
tion with little discussion of the aspects of neuro-
critical care which have been described elsewhere. 
In general, it is regarded that care of the pregnant 
patient with aSAH should occur in the same way 
as patients who are not pregnant; that is to say 
that neurosurgical considerations shall take pre-
cedence over obstetric considerations in an effort 
to preserve maternal vitality [65]. Multiple 

Fig. 8.2 Illustration of a coiling procedure for the 
treatment of a cerebral aneurysm

Fig. 8.3 Illustration of a microsurgical clipping 
procedure for the treatment of a cerebral aneurysm

Fig. 8.4 Illustration of the employment of flow diverter 
devices for the treatment of a cerebral aneurysm
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 studies have demonstrated improved maternal 
and fetal outcome in treated versus untreated 
aSAH [10, 15]. The two mainstay therapies for 
definitive management of ruptured aneurysm in 
the general population include surgical clipping 
and endovascular coil embolization. To date there 
have been few randomized trials directly compar-
ing endovascular versus surgical management of 
ruptured aneurysms. The largest and only multi-
center study, the International Subarachnoid 
Aneurysm Trial (ISAT), found that for patients 
with aneurysms suitable for either endovascular 
or surgical management, the endovascular arm 
showed significantly lower risk of disability [87]. 
However, endovascular management was associ-
ated with higher recurrence and rebleeding [88]. 
While the results of the ISAT prompted a general 
swing in management toward coiling in Europe, 
there was concern over its applicability to preg-
nant patients given the prolonged exposure to 
radiation. Importantly, it was subsequently 
proven that, even in relatively prolonged proce-
dures, the amount of radiation exposure during 
the procedure is well below the threshold of fetal 
harm [64]. The general strategy for management 
of ruptured aneurysms in pregnancy should 
involve early perinatal evaluation to determine 
fetal viability; if delivery is feasible (i.e., rupture 
in late third trimester), it should be performed via 
C-section prior to aneurysm treatment. When 
delivery is feasible, there are only few cases in 
which aneurysm treatment is so emergent that it 
must be performed prior to delivery, such as those 
in which compressive cerebral hematoma 
requires emergent evacuation for reduction in 
ICP [89–91]. One systematic review determined 
that clipping was the most common method for 
treatment of ruptured aneurysms [15], while a 
subsequent review several years later identified 
coiling more commonly [82]. This likely reflects 
more general trends in management of ruptured 
aneurysms toward coiling. Importantly, both 
techniques have been performed successfully 
with good maternal and fetal outcome [90, 92]. 
While the majority of aneurysm rupture during 
pregnancy occurs in the third trimester, endovas-
cular therapy may have an important role for 
management in cases occurring earlier in gesta-

tion where delivery is not feasible due to its 
shorter operative time, lower anesthetic expo-
sure, and minimal impact on maternal hemody-
namics [82].

Early medical management of aSAH focuses 
on airway surveillance and preservation, respira-
tory assistance, and circulatory control. Efforts 
to minimize the detrimental impact of post-rup-
ture complications such as rebleeding, intracra-
nial hypertension, and DCI/vasospasm are 
essential to limiting morbidity and mortality. 
Prior to definitive intervention, the occurrence of 
rebleeding is countered by control of acute 
hypertension. This must be balanced with the 
risk of cerebral ischemia secondary to reduced 
cerebral perfusion, and in the pregnant patient, 
with consideration of fetal sensitivity to changes 
in maternal blood pressure [47, 58]. Similar cau-
tion must be exercised in management of cere-
bral edema utilizing osmotic diuretics (i.e., 
mannitol) which are known to reduce cardiac 
output and uterine perfusion thereby posing risk 
of fetal hypoxia [49, 93]. Nimodipine, a calcium 
channel blocker thought to prevent/treat vaso-
spasm/DCI, is associated with improved out-
comes in aSAH [58]. While nimodipine has been 
found to be teratogenic in animal studies, a pro-
spective, multicenter study of exposure to cal-
cium channel antagonists in the first trimester of 
pregnancy showed no increase in the risk of 
major congenital malformations. Therefore, it is 
typically recommended for nimodipine to be 
given to all expectant women with aSAH. It may, 
however, be prudent to stratify treatment to 
patients at high risk for vasospasm (i.e., large 
volume of subarachnoid blood) [60]. Close fetal 
monitoring should be maintained to observe the 
impact of these interventions of fetal wellbeing 
and facilitate early intervention to counter fetal 
distress [91].

 Conclusion

Intracranial aneurysms harbor the potential to 
result in significant morbidity and mortality upon 
rupture and resultant aSAH. The management of 
unruptured and ruptured aneurysms is complex 
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and, in some cases, controversial; the additional 
concerns regarding preservation of fetal health in 
the setting of pregnancy make the complexity 
even more apparent. In general, decision making 
in this setting should involve multidisciplinary 
collaboration between the patient, family, obste-
tricians, and neurologists/neurosurgeons. While 
there is some evidence supporting pregnancy as a 
risk factor for aneurysm rupture, there is a gen-
eral consensus that the evidence is insufficient to 
definitively confirm this relationship. Nor does 
the evidence support recommendation of 
C-section, a surgical procedure with its own 
risks, to prevent rupture during delivery. For 
women diagnosed with a high risk unruptured 
aneurysm, it is reasonable to recommend inter-
vention prior to attempts at pregnancy. Those 
diagnosed with an unruptured aneurysm during 
pregnancy should be managed based on neuro-
surgical indications (i.e., risk of rupture); there 
may be a role for intervention in aneurysms that 
are not considered as high risk in the general pop-
ulation (i.e., smaller aneurysms) as some reports 
indicate an increased risk of rupture in these 
lesions. Mode of delivery should be based on 
obstetric indications in the women with a low 
risk unruptured aneurysm, with efforts made to 
reduce hemodynamic stresses during vaginal 
delivery. Women presenting with aSAH during 
pregnancy should be managed in an effort to 
reduce maternal and fetal morbidity and mortal-
ity; interventions taken should be in such a way 
as to reduce risk of fetal harm. When feasible, 
delivery via C-section prior to intervention is rec-
ommended in these cases to reduce the potential 
for fetal harm.
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 Introduction

Vascular malformations of the nervous system 
comprise a diverse range of pathologies that have 
classically been divided into several categories: 
arteriovenous malformations (AVM), dural arte-
riovenous fistulas (DAVF), cavernous malforma-
tion (CM), developmental venous anomaly 
(DVA), and capillary telangiectasia [1]. Cerebral 
vascular malformations are complex problems 
and, although their occurArence in pregnancy is 
rare, they pose a unique challenge to clinicians 
seeking to balance optimal neurosurgical and 
obstetric care.

Stabilizing these lesions is important due to 
the risk of significant maternal and fetal morbid-

ity and mortality, especially when associated 
with acute events such as rupture and hemor-
rhage. However, the natural history and indica-
tions for treatment of each type of lesion are 
unique and dependent on patient-specific factors. 
Therefore, decision making, and patient counsel-
ing require an intimate understanding of the lit-
erature and a collaborative approach between 
neurosurgical and obstetric providers. In this 
chapter, we will discuss in detail AVMs and CMs 
with particular attention to: (1) natural history, in 
particular the association of pregnancy and risk 
of rupture; (2) role of genetic and endocrinologic 
changes in malformation formation develop-
ment; (3) management; (4) fetal risks and protec-
tive measures; and (5) mode and timing of 
delivery.

 Arteriovenous Malformation

 Pathology and Pathogenesis 
of Arteriovenous Malformations

AVMs, more formally pial or parenchymal 
AVMs, are vascular anomalies characterized by 
abnormal, fistulous connections between arteries 
and veins bypassing the capillary network. These 
abnormal connections are typically tortuous in 
nature and form a localized cluster, termed the 
nidus, with a large, meningeal oriented base and 
a triangular, ventricular oriented apex. The lack 
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of resistance, typically offered by capillary beds, 
results in high-flow arteriovenous shunting pos-
ing substantial risk for rupture and life- 
threatening hemorrhage (Fig.  9.1) [2]. The 
majority of AVMs are thought to be congenital 
lesions that arise spontaneously during develop-
ment. This is supported by recent discovery of 
somatic mutations in genes of the Ras/MAPK 
pathway within AVM tissue [3, 4]. While caus-
ative germline mutations underlying these 
lesions have not been definitively identified, 
there is evidence associating polymorphisms in 
components of the tissue growth factor-beta 
(TGF-β) pathway with risk of AVM development 
[5, 6]. Moreover, polymorphisms in inflamma-
tion-related genes, including the interleukin-6 
(IL-6) and tissue necrosis factor- alpha (TNF-α), 
correspond to the increased risk of AVM hemor-
rhage [7]. Familial cases of AVMs have also 
been described; however, it is unclear if these 
cases are coincidental, owing to the relative rar-
ity of these lesions, or truly inherited [8, 9]. 
Finally, despite the widely held view that AVMs 
represent congenital lesions owing to dysfunc-
tional processes during development, there is 

accumulating evidence implicating insults to the 
brain, such as stroke, injury, infection, and even 
surgery, as a cause of de novo AVMs [10, 11]. In 
a minority (2–5%) of AVM patients the lesion 
can be syndromic in origin. AVMs are most often 
associated with hereditary hemorrhagic telangi-
ectasia (HHT), capillary malformation-arterio-
venous malformation (CM-AVM) syndrome 
and, less commonly, Wyburn-Mason syndrome 
[2, 12, 13]. Screening guidelines for syndromic 
AVMs will be discussed in the “Counseling and 
Management of Arteriovenous Malformations” 
section.

 Influence of Pregnancy and Sex 
Hormones on Arteriovenous 
Malformation Pathogenesis
The maternal cardiovascular and hemodynamic 
changes accompanying pregnancy include a 
40–50% increase in plasma volume, a compa-
rable increase in cardiac output, and a signifi-
cant reduction in systemic vascular resistance 
and blood pressure. These changes are critical 
for placental-fetal development and begin early 
in gestation, reaching a nadir during the second 

Artery supplying
oxygen-rich blood
from heart to brain

Normal

Healthy capillaries
slowly deliver oxygen

to surrounding tissues

Vein carrying
oxygen-depleted
blood away from

brain

AVM

AVM

ba

Fig. 9.1 (a) Normal vascular anatomy demonstrating 
capillary beds connecting high pressure arteries with low 
pressure veins. Hydrostatic pressure is gradually reduced 
across capillaries. (b) An AVM represents a tangle of 

blood vessels that results in direct, high-flow connections 
between arteries and veins without intervening capillary 
beds. As a result, veins are subjected to abnormally high 
pressure
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trimester, before gradually returning to base-
line [14]. Unlike other organs, such as the kid-
ney, ovaries, and uterus in which perfusion is 
substantially increased, cerebral blood flow is 
 maintained relatively constant during gestation 
due to the cranial cavity’s relative intolerance 
to increased volume [15]. Mild estrogen-medi-
ated increase in cerebral blood flow and trans-
mission of hemodynamic force has been 
thought to underlie the reported risk of AVM 
hemorrhage during pregnancy. This is sup-
ported by the occurrence of rupture during the 
second and third trimesters, mirroring hemo-
dynamic changes [16, 17]. Pregnancy is also 
associated with the release of a number of hor-
mones and signaling factors including inflam-
matory mediators, chemokines, steroids, and 
growth factors which may influence AVM evo-
lution. Moreover, animal studies have demon-
strated heightened angiogenic activity in AVM 
tissues during late pregnancy, although there 
were no detectable differences in key angio-
genic molecules or receptors [18]. The cere-
brovascular and cardiovascular changes 
accompanying pregnancy are discussed in 
detail in Chap. 5.

 Epidemiology, Presentation, 
and Natural Course of Arteriovenous 
Malformations

 Scope of the Problem
Cerebral vascular malformations are relatively 
uncommon representing 5–9% of all intracra-
nial space-occupying lesions; however, they 
are an important cause of neurologic morbidity 
and mortality in younger adults [19]. 
Developmental venous anomalies are consid-
ered the most common of these vascular mal-
formations with a reported incidence of 
approximately 2% based on autopsy studies. 
However, these, along with capillary telangiec-
tasias, exhibit a low tendency for neurological 
sequelae [20]. AVMs are relatively uncommon 
with prevalence between 10 and 20 per 100,000 
[21–23]. While AVMs do not exhibit sex predi-
lection, their tendency to present in young 

adulthood, most commonly in the third decade 
of life, makes them a significant concern in 
women of childbearing age [24].

 Clinical Manifestations and Natural 
Course of Arteriovenous Malformations
AVMs can cause an array of neurological mani-
festations related to either mass effect or hemor-
rhage. AVMs are the most aggressive 
cerebrovascular lesions, with annual rupture 
rates reported between 2% and 4% [25]. 
Hemorrhage is, by far, the most common and 
devastating clinical manifestation of AVMs, 
accounting for 40–65%, followed by seizures in 
18–35%, and chronic headache or focal neuro-
logical deficit in a small proportion [26–28]. 
Notably, hemorrhagic presentation has been 
shown to occur disproportionately in the young-
est (<10  years) and oldest (>50) age groups, 
while presentation with seizures spikes between 
the ages of 20–29 [29]. Risk of hemorrhage 
increases substantially with previous hemor-
rhage and older age at diagnosis, in addition to 
morphologic features of the AVM including 
deep anatomic location, exclusive deep venous 
drainage, and associated aneurysms [25, 30].

Contrasting the predominance of ischemic 
stroke in the general population, hemorrhagic 
stroke—such as that resulting from rupture of 
vascular lesions—is the most common type dur-
ing pregnancy [31]. In fact, the most common 
cause of intracerebral hemorrhage in the expect-
ant patient is rupture of an AVM [32]. There is a 
body of evidence demonstrating an association 
between pregnancy and/or vaginal delivery and 
risk of aggressive behavior (i.e., growth, rupture/
hemorrhage) of AVMs [27, 33–36]. One recently 
published report utilizing State Inpatient 
Databases and employing a cohort-crossover 
design demonstrated a greater than threefold 
increase in the rate of intracranial hemorrhage 
during pregnancy among patients with AVMs 
[37]. This is considered a consequence of the 
hemodynamic stress that evolves through preg-
nancy and peaks during the second stage of labor. 
However, there is substantial opposing evidence, 
including a systematic review which was not suf-
ficient to support increased risk of AVM hemor-
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rhage in pregnancy [17, 38]. Therefore, there is a 
need for enhanced, more rigorous future research, 
specifically through execution of a multicenter, 
prospective, case crossover study.

 Diagnostic Considerations 
for Arteriovenous Malformations 
in the Pregnant Patient

Initial diagnosis of AVMs is typically via non- 
invasive imaging during workup for the present-
ing cause (i.e., intracranial hemorrhage, seizures, 
etc.). Advancements in and availability of imag-
ing have also increased the rate of incidental 
diagnosis of these pathologies [28, 39]. The pres-
ence of multiple AVMs should raise suspicion of 
a syndromic cause [40]. Multiple AVMs occur-
ring in association with recurrent epistaxis, and 
pulmonary/hepatic AVMs are indicative of HHT 
[2]. While most pregnancies occur normally in 
patients with HHT, the potential complications 
including heart failure, intracranial hemorrhage, 
pulmonary hemorrhage, and stroke (related to 
paradoxical emboli) make such pregnancies 
“high risk” [41].

 Neuroradiological Features 
of Arteriovenous Malformations

In the pregnant patient, acquisition of the neces-
sary data for clinical decision making must be 
balanced with the concern of ionizing radiation 
exposure to the fetus. Computed tomography 
(CT) relies on ionizing radiation thereby posing 
potential fetal risk; however, in head and neck 
CT the fetus is out of the range of the scan and 
therefore exposed to limited radiation. In the 
pregnant patient, CT still remains the standard 
for the evaluation of suspected intracranial hem-
orrhage with precautions taken to reduce fetal 
exposure (i.e., lead shielding of abdomen and 
pelvis) [33, 42]. Hemorrhage from an AVM typ-
ically appears as hyperdensity in an intraparen-
chymal or lobar distribution, however, this is not 
sufficient for diagnosis. Therefore, MRI is often 
necessary to delineate the anatomical features, 

particularly the “tangle of signal voids” on 
T2-weighted imaging [43].

Vascular imaging, including both CT and MR 
angiography (CTA/MRA) is critical for the diag-
nosis and evaluation of AVMs [44]. Definitive 
diagnosis and treatment planning of a cerebral 
AVM is often reliant on conventional digital sub-
traction angiography (DSA), a catheter-based 
modality that utilizes ionizing radiation and 
iodinated contrast. DSA provides the highest spa-
tial and temporal resolution necessary to delin-
eate features of the AVM that are critical to 
management decision making. In addition to the 
radiation exposure, risks associated with DSA 
include thromboembolic complications (i.e., 
stroke) [45]. Despite such risks, DSA remains 
indicated in pregnant patients with appropriate 
shielding and limitation of beam time. The esti-
mated fetal radiation exposure during DSA is 
between 0.17 and 2.8  mGy, sufficiently lower 
than the accepted limit of 50 mGy. To reduce the 
overall radiation exposure time while acquiring 
the most relevant information, it is prudent for 
members of the cerebrovascular team contem-
plating treatment to perform the DSA [38, 45]. 
Considerations for neuroimaging in the pregnant 
patient are discussed in detail in Chap. 3.

 Counseling and Management 
of Arteriovenous Malformations

Diagnosis of an AVM is frightening for anyone, 
but particularly for the pregnant patient or the 
young adult patient, hoping to become pregnant. 
Such a diagnosis often leaves the expectant 
patient questioning how to manage both her preg-
nancy and the lesion in sync. Decision making 
regarding management in these settings is highly 
complex and dependent on anatomic and mor-
phologic features of the lesion itself in addition to 
the patient’s individual clinical factors. The 
occurrence of rupture and hemorrhage is a key 
pivotal point in decision making, with a tendency 
toward conservative management in unruptured 
or clinically silent AVMs and toward invasive 
management in those that have ruptured or are 
otherwise symptomatic. The approach to man-
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agement is especially complex in the pregnant 
patient due to the need to balance both maternal 
and fetal harm. Unfortunately, there is only 
scarce literature and no guidelines or consensus 
statements to inform this unique situation.

 Counseling: Patients 
with Arteriovenous Malformation 
Planning to Become Pregnant 
and Hereditary Concerns

Historically, the purported association between 
pregnancy and aggressive behavior of cerebral 
vascular malformations, particularly AVMs, has 
led women with such lesions to be sterilized, 
counseled against pregnancy, or to even have 
their pregnancies terminated. In those women in 
whom gestation did proceed, cesarean delivery 
was recommended due to concern for rupture 
[27, 46]. However, as described above, there is a 
lack of consensus on whether or not pregnancy 
truly confers increased risk for rupture. For a 
woman of childbearing age with a diagnosed 
AVM, a critical question may be: Should I 
undergo treatment before becoming pregnant? 
The patient should be counseled appropriately on 
the evidence regarding the association between 
pregnancy and risk of hemorrhage, which at this 
point is conflicting and insufficient. Therefore, 
the decision to treat an unruptured AVM prior to 
pregnancy should be consistent with the charac-
teristics of the lesion and clinical history (i.e., 
previous hemorrhage) [25, 30, 47]. In a woman 
with a high-risk lesion or one producing severe 
symptoms, in whom management of the malfor-
mation is indicated, it is certainly safer for treat-
ment to occur prior to pregnancy. It is important 
to note that, while radiosurgery remains an attrac-
tive approach for management of AVMs, particu-
larly in difficult to access regions of the brain, a 
major limitation is its failure to achieve immedi-
ate obliteration and reduction of hemorrhage risk 
[39, 48]. In a study of women who became preg-
nant during the latency period, 2 of 18 (11.1%) 
experienced AVM hemorrhage compared to 2.5% 
of nonpregnant women [49]. Based on this evi-
dence, albeit with limited sample size, we recom-

mend women who are treated with radiosurgery 
to await attempts at pregnancy until confirmed 
obliteration of the lesion.

Syndromic malformations represent another 
topic of concern in patients who are pregnant or 
considering becoming pregnant. In women who 
appear to suffer from AVMs associated with a 
syndromic cause, screening is warranted. HHT 
is one of the most common syndromes associ-
ated with cerebral AVMs and is characterized by 
the presence of cutaneous telangiectasias in 
addition to pulmonary, hepatic, and cerebral 
AVMs. HHT is transmitted in an autosomal 
dominant pattern, therefore the risk to one’s off-
spring is 50% [50]. Screening for cerebral and 
pulmonary AVMs is recommended in all off-
spring of parent’s with HHT, unless the disease 
is excluded by genetic testing. It has also been 
recommended that those screened for cerebral 
AVMs during infancy undergo a follow-up 
screen after puberty due to the potential for 
AVMs to grow and remodel throughout child-
hood [51]. Women with HHT are also recom-
mended to be screened and treated for pulmonary 
AVMs prior to pregnancy; asymptomatic pul-
monary AVMs identified during pregnancy 
should not be treated until after delivery. Finally, 
screening of the spine with MRI in women with 
HHT may be necessary to rule out spinal AVMs 
and thus permit regional anesthesia [41].

 Management of Unruptured 
Arteriovenous Malformations 
in Pregnancy

Management of unruptured AVMs is a highly 
contested topic, especially in the aftermath of the 
heavily critiqued “A Randomized Trial of 
Unruptured Brain Arteriovenous Malformations” 
(ARUBA) study published in 2014 which was 
terminated early due to superiority of medical 
management over interventional therapy [52]. 
The complex decision making in management of 
unruptured AVMs is further complicated in the 
setting of pregnancy, with additional concerns 
regarding modality for treatment and timing in 
relation to delivery. The currently available 
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Fig. 9.2 Treatment options available for treatment of AVMs includes: (a) microsurgical resection, (b) endovascular 
embolization, and (c) radiosurgical obliteration

modalities for AVM treatment include microsur-
gery, neoadjuvant endovascular embolization, 
and radiosurgical obliteration, each with their 
own risk/benefit profile (Fig.  9.2). Generally, 
unruptured AVMs presenting in pregnancy 
should be approached conservatively due to their 
relatively low risk profile, even despite some 
reports of elevated rupture risk in pregnancy [38, 
53]. Further supporting this, in a report of 12 

patients presenting with unruptured AVM during 
pregnancy, all managed conservatively, one 
(8.3%) developed bleeding during gestation. All 
patients were followed to full term, with ten 
undergoing cesarean section and two delivering 
vaginally [54]. As such, intervention during preg-
nancy should be based on neurosurgical indica-
tions while accounting for obstetrical concerns. 
However, due to the paucity of data on this topic, 
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we are unable to make specific recommendations 
on selection of patients for management of 
unruptured AVMs in pregnancy. An interdisci-
plinary team including a representative or repre-
sentatives specialized in microsurgery, 
radiosurgery, and interventional procedures, as 
well as obstetrics/gynecology and neurocritical 
care should be involved in the decision making 
process. Guiding factors in this process should 
include: (1) risk of catastrophic hemorrhage, (2) 
maternal-fetal risk of individual therapies, and 
(3) stage of pregnancy. Increased risk of hemor-
rhage is conferred by deep venous drainage, 
associated nidal aneurysms, and previous rupture 
and these patients may warrant intervention of 
their unruptured AVM [25, 30]. In considering 
microsurgical resection, the grade of the AVM 
can help to predict risk of complications; for 
example, Spetzler-Martin grade I or II lesions 
have relatively low surgical risk and high proba-
bility of complete resection and obliteration [55]. 
Similar grading models can be applied for pre-
diction of complications and outcomes in radio-
surgery or endovascular embolization [56]. There 
is precedent for delay of surgery for small, low 
risk, ruptured AVMs until fetal maturity and 
delivery has occurred; this may even be extended 
to 2 months following delivery to permit restora-
tion of normal cardiovascular and hemostatic fac-
tors [57, 58]. This same logic may be considered 
in dealing with unruptured AVMs identified dur-
ing pregnancy. As with all decisions made in the 
clinical setting, we must strive to achieve equi-
poise between the true risks of the lesion and the 
risks associated with therapy; in the setting of 
unruptured AVMs in pregnancy, the risks of ther-
apy compared to those of the lesion typically 
favor conservative management. In those in 
whom intrapartum intervention occurs, vaginal 
delivery in accordance with obstetric indications 
appears safe in patients with completely resected 
or obliterated AVMs [59].

Given that the most likely presentation of an 
unruptured AVM is seizures, it is of importance 
to briefly discuss the approach to management of 
seizures in pregnancy. Adequate control of sei-
zures is critical for preservation of maternal and 
fetal health: seizures induce lactic acidosis, 

increases in uterine pressure and blood flow, and 
are associated with maternal and fetal hypoxia 
[60]. It is established that many antiepileptic 
drugs increase risks of congenital anomalies, 
such as congenital heart disease, cleft palate, 
neural tube defects, and finger hypoplasia. 
Traditional antiepileptics, such as valproate and 
phenobarbital, exhibit the highest risk of major 
malformations while newer agents, such as 
lamotrigine and levetiracetam, are associated 
with lower risk profiles [61]. Major consider-
ations for administration of antiepileptics in the 
pregnant patient include supplementation of folic 
acid and use of monotherapy when possible for 
seizure control [54]. Considerations for the selec-
tion of antiepileptic agents during pregnancy are 
discussed in detail in Chap. 28.

 Management of Ruptured 
Arteriovenous Malformations 
in Pregnancy

Ruptured AVMs resulting in intracranial hemor-
rhage result in substantial maternal and fetal 
morbidity and mortality. Emergent restoration of 
normal blood pressure (<140 mmHg) in hyper-
tensive (150–220  mmHg) patients is recom-
mended in the setting of acute intracranial 
hemorrhage [62]; however, it is important to bal-
ance this with maintenance of uteroplacental 
blood flow and utilization of safe pharmacologic 
agents such as labetalol, hydralazine, or nifedip-
ine [63]. Diagnosis of the pregnant patient with 
intracranial hemorrhage from any cause, includ-
ing AVM, should warrant consult with specialists 
from obstetrics/gynecology.

After initial management related to the intra-
cranial hemorrhage, options for definitive man-
agement of the ruptured AVM include the same 
modalities as unruptured AVMs: microsurgical 
resection, endovascular embolization, radiosurgi-
cal obliteration, or a combination of the three. As 
in the case of unruptured AVMs, decision making 
in ruptured AVMs should be based on neurosur-
gical indications with special consideration to 
obstetrical concerns. After initial stabilization, 
the primary principle guiding management in the 
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setting of a ruptured AVM is reducing the risk of 
rebleeding. It is well established that prior hem-
orrhage is a significant risk factor for future hem-
orrhage, particularly in the first year following 
rupture where rebleed rates spike to double that 
of other time points [64]. Owing to the relatively 
low risk of immediate rebleeding (<1% per 
month) from ruptured AVMs, contrasting the risk 
in ruptured aneurysms, delayed intervention of at 
least 4 weeks has been proposed to permit reha-
bilitation following initial hemorrhage in the 
general population [65]. However, it is important 
to note that there is evidence of increased risk of 
rebleeding in pregnant patients, with reported 
rates near 25%, compared to an annual risk of 
rebleeding of 7.45% in a general cohort [33, 34, 
46, 57, 66]. In the pregnant patient, delayed man-
agement may be reasonable, particularly for 
patients in the late third trimester in whom deliv-
ery may be able to proceed prior to intervention. 
Delay is also supported in pregnant patients with 
small amounts of hemorrhage that are otherwise 
not at high risk for re-rupture until several weeks 
postpartum when maternal hemodynamics have 
been restored [57]. In such cases in which fetal 
maturity permits pre-intervention delivery, it is 
prudent to deliver via cesarean section [67]. If the 
fetus is not viable, the re-rupture risk is high, and 
the lesion is amenable to intervention, treatment 
during pregnancy is warranted [59]. Intervention 
during pregnancy has been reported successfully 
utilizing surgical [67], endovascular [68], and 
radiosurgical [69] means.

Each modality bears its own important risks. 
Microsurgical resection is substantially riskier in 
higher grade lesions [70]. In addition to the risk 
of neurological deficit associated with surgery, 
there is additional concern for fetal harm in the 
pregnant patient, particularly fetal hypoperfusion 
and hypoxia. Maintenance of adequate maternal 
hydration and hemodynamic status is critical for 
maintaining uterine and fetal perfusion but can be 
compromised in the setting of surgery via blood 
loss, diuresis, and even patient positioning. 

Diuretic agents, such as mannitol, are typically 
employed during microsurgical resection to min-
imize cerebral swelling but may cross the pla-
centa and result fetal hypovolemia and 
dehydration [54]. In a small cohort of patients 
undergoing craniotomy for various indications, 
mannitol was used without complication for 
brain relaxation suggesting that judicious use is 
safe and effective in the setting of pregnancy 
[71]. Moreover, maternal hypotension during 
surgery can result in fetal hypoperfusion and 
hypoxia [72]. Endovascular embolization, par-
ticularly as monotherapy, does not provide total 
obliteration of the AVM but does allow for elimi-
nation of high-risk features such as perinidal or 
intranidal aneurysms which increase the re- 
rupture risk [73]. In addition, exposure to ioniz-
ing radiation in pregnant patients is of particular 
concern due to the potential fetal harm that may 
result. Fortunately, most reports suggest that fetal 
exposure during cerebral diagnostic angiography 
and neuroembolization is far below the safety 
threshold [59]. To minimize the risk of fetal harm 
from ionizing radiation it is critical to maintain 
appropriate abdominal shielding; efforts should 
also be made to reduce fluoroscopy time (i.e., via 
selective angiography of targeted vessels) and 
beam angling [53, 58]. Although iodinated con-
trast is not contraindicated in pregnancy, utiliza-
tion of half strength contrast may also enhance 
procedural safety during embolization [53]. A 
major limitation of radiosurgery is the inability to 
achieve immediate obliteration of the AVM that 
would allow a patient to be freed from the risk of 
devastating intracranial hemorrhage. In fact, the 
latency of radiosurgery is typically considered to 
be 2 years from treatment completion; this would 
not warrant any protection to the pregnant patient 
if performed during gestation but would expose 
the fetus to potentially hazardous ionizing radia-
tion [39]. We conclude, in concordance with pre-
vious groups, that radiosurgery is not an 
appropriate intervention to be undertaken in the 
pregnant patient [58].
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 Cavernous Malformations

 Pathology and Pathogenesis 
of Cavernous Malformations

CMs, also known as cavernomas or cavernous 
angiomas, are malformations consisting of a 
cluster of thin-walled, dilated capillaries recog-
nizable by their characteristic “mulberry” appear-
ance. Histologically, the vessels, referred to as 
caverns, are constituted by a simple endothelial 
lining surrounded by a thin, fibrous adventitial 
layer [74]. CMs arise in two distinct forms: (1) 
sporadic, which are classically solitary lesions 
associated with a developmental venous anom-
aly, and (2) familial, which often presents with 
multiple lesions and a strong family history of 
neurological disease [75]. Mutations in three 
protein- encoding genes (CCM1, CCM2, and 
CCM3) have been identified as causative of CM 
and are transmitted in an autosomal dominant 
pattern. These proteins contribute to a larger sig-
naling pathway that regulates angiogenesis, ves-
sel formation, and cellular proliferation [76].

 Influence of Pregnancy and Sex 
Hormones on Cavernous Malformation 
Pathogenesis
While the hemodynamic changes of pregnancy 
may influence pathogenesis and hemorrhage of 
CMs, they are low-flow lesions and generally 
considered to be less subject to these stresses. 
Consistent with this, a recently published pro-
spective analysis of 367 deliveries demonstrated 
no instances of hemorrhage during this period in 
which acute hemodynamic stresses are expected 
to occur [77]. Like AVMs, CMs are influenced by 
circulating factors associated with pregnancy 
including growth factors and inflammatory medi-
ators. Elevated levels of vascular endothelial 
growth factor and basic fibroblast growth factor 
during pregnancy are thought to underlie growth 
and potentiate rupture of CMs [47].

 Epidemiology, Presentation, 
and Natural Course of Cavernous 
Malformations

 Scope of the Problem
CMs are the second most common vascular 
anomaly and have a reported prevalence ranging 
between 0.3% and 0.5% in both autopsy and 
imaging studies [78–80]. Assuming a prevalence 
of 0.4% and an estimated 114  million births 
worldwide, it is expected that over half a million 
pregnancies will occur in women with CM [81]. 
Similar to AVMs, CMs tend to present during 
young adulthood making them a concern in 
women of childbearing age [82].

 Clinical Manifestations and Natural 
Course of Cavernous Malformations
CMs rupture at an annual rate of 0.3–2.3%, mak-
ing them slightly less aggressive than AVMs [30, 
83]. Moreover, hemorrhagic CMs are typically 
less destructive due to the low flow nature of 
these lesions. Therefore, small hemorrhages in 
noneloquent tissue may be clinically silent. Any 
deficits related to hemorrhage are often transient 
and resolve within a period of days to weeks as 
blood is absorbed [30, 84]. Of note, there is some 
evidence supporting female sex as a risk factor 
for CM hemorrhage, although this is not conclu-
sive [83]. The most common presentation of CM 
involving the cerebral hemispheres is seizures, 
owing to the inherent epileptogenicity of iron 
found at the border of the lesions [82]. Similar to 
AVMs, there is previous evidence suggesting that 
pregnancy and/or vaginal delivery confers 
increased risk of aggressive behavior (i.e., 
growth, rupture/hemorrhage) of CMs [85]. This 
was postulated to result from cardiovascular and 
hemodynamic factors as well as pregnancy- 
associated hormones including progesterone and 
growth factors [47]. However, this is refuted by 
more recent evidence from several large prospec-
tive and retrospective cohorts [77, 81, 86].

9 Cerebral Vascular Malformations in Pregnancy: Considerations for Diagnosis and Management



186

 Diagnostic Considerations 
for Cavernous Malformations 
in the Pregnant Patient

The initial step in identification of a CM is via 
non-invasive imaging during the evaluation of 
headache, neurological deficit, or, most often, 
new-onset seizures. There is also an increased 
propensity for incidental detection with advance-
ments and widespread availability of neuroimag-
ing [39].

 Neuroradiological Features 
of Cavernous Malformations

Unless the lesion is large or recently bled, CMs 
are typically difficult to identify on head CT. This 
makes MRI the gold-standard for diagnosis of 
CMs due to the ability to delineate key anatomic 
and pathologic features. Classically, CMs exhibit 
a reticular core with a “berry” or “popcorn” 
appearance that is often surrounded by a low- 
intensity halo [84]. In contrast to AVMs whose 
angioarchitecture is highlighted on angiography, 
the most notable radiological feature of CMs is 
that they are angiographically occult: that is, they 
do not appear on these dedicated vascular imag-
ing studies [87].

 Counseling and Management 
of Cavernous Malformations

 Counseling: Patients with Cavernous 
Malformation Planning to Become 
Pregnant and Hereditary Concerns

Based on the most recently available and reli-
able data, there is no reason that the presence 
of a cavernous malformation should preclude a 
woman from considering pregnancy [77, 81, 
86]. Therefore, treatment should be guided by 
neurosurgical considerations including ana-
tomic location, presence of symptoms (i.e., 
seizures), and prior hemorrhage. When treat-
ment is indicated, it may be prudent to inter-
vene prior to conception to mitigate surgical or 

radiation risks posed to the fetus. In the setting 
of familial CM, which displays autosomal 
dominant inheritance, screening is recom-
mended via molecular genetic testing in those 
in whom the familial genetic variant is isolated 
or otherwise via MRI of the brain and spinal 
cord [88].

 Management of Cavernous 
Malformations in Pregnancy

The severity of CMs varies significantly: small 
hemorrhage may be clinically silent or produce 
transient neurological symptoms, while hemor-
rhage of brainstem CMs can be acutely debili-
tating and life-threatening. The clinical data 
regarding management of CMs in pregnancy is 
particularly limited. A treatment strategy has 
been proposed by Yamada et al. in which asymp-
tomatic and mildly symptomatic lesions are 
managed conservatively, while those with severe 
or progressive symptoms are surgically resected. 
Certain risk factors, such as previous hemor-
rhage or family history may warrant interven-
tion in a lesion that would otherwise be 
approached conservatively [47]. A review of 16 
cases of CM identified during pregnancy deter-
mined that neurosurgical intervention is seldom 
necessary [89]. When surgical management is 
necessary, it is recommended to occur after 
delivery so long as there is no substantial threat 
to maternal or fetal wellbeing [47]. However, in 
cases where maternal- fetal life is compromised, 
such as catastrophic hemorrhage, treatment pre-
ceding delivery can be accomplished without 
obstetric complication [89, 90]. Historic con-
cerns regarding CM hemorrhage in association 
with maternal hemodynamic changes during 
labor have led to a tendency for patients with 
asymptomatic and symptomatic lesions to 
undergo cesarean delivery. However, a more 
recent study found that vaginal delivery occurred 
without hemorrhagic complication in 149 of 
168 pregnancies in 64 female patients with CMs 
[81]. Therefore, choice of delivery method 
should be dictated by obstetrical considerations, 
rather than concern for hemorrhage.
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 Conclusion

Management of cerebral vascular malformations 
is especially complicated in the context of preg-
nancy and requires multidisciplinary collabora-
tion between the patient, family, obstetricians, 
and neurologists/neurosurgeons. While there is 
some evidence supporting pregnancy as a risk 
factor for aggressive behavior of vascular malfor-
mations (i.e., rupture, hemorrhage, progression), 
we do not find the evidence sufficient to defini-
tively confirm such a relationship. For women 
with vascular lesions seeking counseling on 
becoming pregnant, we conclude that those at 
high risk should be treated prior to attempts at 
pregnancy. Women diagnosed with an unruptured 
or asymptomatic/mildly symptomatic lesions 
during pregnancy should be managed based on 
neurosurgical indications in consult with a team 
of interdisciplinary and multimodal experts; 
intervention is typically not warranted. Women 
diagnosed with a hemorrhagic lesions during 
pregnancy should be managed in an effort to 
reduce maternal and fetal morbidity and mortal-
ity; interventions taken should be in such a way 
as to reduce risk of fetal harm. Vaginal delivery 
generally appears safe in unruptured or resected/
obliterated AVMs and CMs, while cesarean 
delivery is likely the safest approach to delivery 
in women with ruptured AVMs.
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10Pregnancy and Moyamoya

Arjun V. Pendharkar, Sohun S. Awsare, 
and Gary K. Steinberg

 Introduction

Moyamoya disease (MMD) is characterized by 
progressive stenosis and occlusion of the proximal 
intracranial circulation with concomitant prolifera-
tion and enlargement of fragile collateral perforat-
ing arteries termed “moyamoya vessels.” These 
collaterals give rise to the characteristic angio-
graphic “puff of smoke” signature for which the 
disease is named. Disease progression, namely the 
continued stenosis of the intracranial circulation 
and development of the fragile collateral network, 
are graded according to the Suzuki staging system 
(Fig. 10.1). MMD patients most commonly pres-
ent with transient ischemic attacks (TIA), ischemic 
stroke, or intracranial hemorrhage (intraparen-
chymal, intraventricular, and subarachnoid). The 
primary modality of treatment is neurosurgical—
involving cerebral revascularization via direct or 
indirect bypass providing extracranial blood flow 
to the intracranial circulation. Numerous non-ran-
domized studies have demonstrated the efficacy 
of cerebrovascular bypass in reducing future isch-
emic and hemorrhagic stroke risk compared to his-
torical controls [1–7]. Furthermore, a prospective 
randomized controlled trial showed the benefit of 

surgical revascularization in reducing hemorrhagic 
and ischemic strokes [8].

MMD is an overall rare clinical entity with an 
incidence of 0.54/100,000. However, because 
MMD carries a 2:1 female:male predilection and a 
peak incidence during reproductive years, the man-
agement of MMD and pregnancy is a common 
cerebrovascular clinical scenario. Pregnancy is 
characterized by multiple physiological changes 
including alterations in systemic vascular resis-
tance, blood pressure, volume status, and hemato-
logic parameters—all of which can affect the 
tenuous cerebrovascular perfusion in an MMD 
patient.

When considering the current body of litera-
ture regarding MMD and pregnancy, it is useful 
to stratify the evidence into outcomes concerning 
patients before or after bypass surgery. 
Furthermore, MMD may differ significantly in 
different ethnic subgroups. For example, multiple 
demographic studies have reported adult 
Caucasian patients tend to present with ischemia 
whereas adult Asian MMD patients overwhelm-
ingly present with hemorrhage [9]. Therefore, the 
studies summarized below must be interpreted in 
that context.
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Fig. 10.1 Graphic demonstrating the angiographic staging of Moyamoya disease according to Suzuki and Takaku

 Pregnancy in Untreated MMD 
Patients

Takahashi and colleagues conducted a retrospec-
tive survey of MMD patients in Japan. The 99 
patients who accounted for 202 deliveries were 
previously unaware of their diagnosis of MMD at 
childbirth and were only later diagnosed. The 
clinical diagnosis for the 99 women included 32 
(32.3%) with ischemic MMD and 26 (26.3%) 
with hemorrhagic MMD. Of the 202 deliveries, 
183 (90.6%) were vaginal deliveries. This group 
of individuals had four instances (2%) of cerebral 
events during delivery and puerperium. There 
was one event of syncope during delivery and 
one event of syncope during puerperium. This 
cohort did not experience any adverse events dur-

ing pregnancy. Finally, in this cohort there were 
two instances of TIA during puerperium. Of the 
99 women, 58 of them (58.6%) required bypass 
surgery after childbirth [10].

Two additional literature reviews have 
described a higher stroke risk in pregnant MMD 
patients not having undergone bypass. In the 
first literature review, Inayama and colleagues 
found 66 reports that included a total of 443 
pregnancies. Within this search, 54 (12.1%) 
cases of pregnancy related stroke were deter-
mined. There were 44 (9.9%) intracranial hem-
orrhages and 10 (2.2%) cerebral infarctions. 
The antepartum period showed the highest inci-
dence of intracranial hemorrhages with 39 
instances (88.6%) while the postpartum period 
had three cases (6.8%) followed by the intra-
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partum period (n = 2; 4.5%). The review noted 
that no patient with previously diagnosed MMD 
developed a stroke during delivery. There were 
34 instances (77.3%) of intracranial hemor-
rhage in patients with newly diagnosed 
MMD. The review also reported eight hemor-
rhage case deaths, of which seven (87.5%) had 
undiagnosed MMD at the time of the stroke. In 
the ten cerebral infarction cases, nine (90%) 
were previously undiagnosed MMD patients 
[11]. In the other literature review, Maragkos 
reported a similar event rate. Maragkos and col-
leagues classified the patients into three catego-
ries. The first group included patients with 
known MMD diagnosed before pregnancy. In 
this group, the 96 patients accounted for 101 
pregnancies. In these pregnancies, new hyper-
tension was observed in 16.3% and pregnancy 
toxemia in 11.1%. For these pregnancies, 
11.4% presented with ischemic or hemorrhagic 
cerebrovascular events. There were no residual 
neurological deficits in 95.2% of the reported 
cases. While two (4.7%) showed mild residual 
deficits, no patient had severe residual neuro-
logical deficits. The second group consisted of 
individuals who were diagnosed with MMD 
during pregnancy. There were 20 studies con-
tributing 23 cases. Pregnancy induced hyper-
tension occurred in four cases (17.4%), toxemia 
in three cases (13%) and neurologic events in 
six cases (26%). MMD presented with an isch-
emic event in 34.7% of the patients and 69.5% 
presented as hemorrhagic [12].

Finally, in a robust pooled analysis of previ-
ously reported cases, Fluss and colleagues 
reviewed 12 articles that totaled 270 pregnan-
cies after excluding patients who were diag-
nosed during or after delivery. In the follow-up 
of these patients there were 22 neurologic events 
recorded (9.8%). Twelve of the events were 
transient ischemic attacks and three events were 
seizures. In this cohort, there were six hemor-
rhagic strokes and one ischemic stroke, yielding 
a stroke risk of 3.1%. The remainder of the 
cohort had favorable neurological outcomes. 
These neurologic events included 15 instances 
during the pregnancy and seven instances in the 
postpartum period [13].

Indeed, the current body of evidence is limited 
by small sample size and retrospective nature of 
examination, but there is clearly an elevated risk 
of adverse cerebrovascular events in the untreated 
pregnant MMD patient.

 Pregnancy in Treated MMD Patients

The elevated stroke risk during pregnancy may 
be due to impaired cerebral vascular reserve 
(CVR). In two separate reviews, both Lee’s group 
and Park’s group found diminished CVR as 
observed on SPECT in MMD patients is associ-
ated with development of cerebrovascular events 
during pregnancy. Lee and colleagues reviewed 
the electronic medical records of patients and 
included 23 patients responsible for 27 pregnan-
cies. Ischemia was observed in 19 pregnancies 
(70.3%). In this cohort 23 had bilateral MMD 
(85.2%) while unilateral MMD was observed in 
four pregnancies (14.8%). There was a cerebro-
vascular event in 12 of the pregnancies (44.4%). 
Of the cerebrovascular events, 11 instances were 
TIA. In addition, this study explored the associa-
tion between CVE and CVR on Stress 
SPECT. The authors found 35 hemispheres expe-
rienced a decrease or defect in perfusion on ini-
tial basal SPECT. Furthermore, 30 hemispheres 
showed a decreased CVR on initial stress 
SPECT. Within this cohort, there were 16 hemi-
spheres that had revascularization surgery and 
within this group there was a decreased CVR on 
stress SPECT before surgery [14].

Lee’s group and Park’s group separately 
reported that diminished CVR as observed on 
SPECT in MMD patients is associated with 
development of cerebrovascular events during 
pregnancy [14, 15]. Since it improves cerebro-
vascular reserve, bypass may be protective. In a 
single center series, Inayama and colleagues 
report no adverse neurological events in 30 preg-
nancies in 20 women with MMD. All but five of 
the patients had already undergone bypass [11]. 
Similarly, Acker and colleagues report on a 
European cohort of treated MMD patients with 
no adverse cerebrovascular events during or after 
pregnancy. Acker’s group reviewed 31 patients 

10 Pregnancy and Moyamoya



194

resulting in 60 pregnancies. Within this group 
there were two subgroups: patients with pregnan-
cies prior to diagnosis and patients with pregnan-
cies after diagnosis. In the first group, 25 women 
were responsible for 50 pregnancies. In 92% of 
the women, a stroke or TIA represented the onset 
symptom. There was a cerebral ischemic event in 
8% of the patients. In the second group, there 
were six patients who accounted for ten pregnan-
cies. The patients all underwent a bilateral revas-
cularization operation prior to their pregnancy. 
No cerebral ischemic events occurred in these 
patients in the perinatal period [16]. Park’s group 
similarly noted this difference in his retrospective 
chart review of 26 pregnancies and deliveries 
among 21 patients. The patients were divided 
into two groups: Group 1 was defined as those 
diagnosed with MMD during pregnancy and 
puerperium and Group 2 were those diagnosed 
with MMD before pregnancy. In the first group, 
of three patients with three pregnancies, there 
was one case of a pregnancy related complication 
(severe pre-eclampsia) and two of the three 
patients had motor TIAs. One of the patients had 
an acute cerebral infarction just before delivery 
and another had an acute cerebral infarction dur-
ing puerperium. In these individuals, baseline 
SPECT and ACZ-SPECT revealed severely 
reduced regional CVR in more than one vascular 
territory in all the patients. The second group 
consisted of 20 patients with 23 pregnancies. 
Fifteen of these patients underwent more than 
one revascularization surgery and five patients 
did not undergo surgical revascularization before 
pregnancy. Neurologic deterioration occurred in 
only four cases of pregnancy, delivery and puer-
perium consisting of worsening TIAs. Within this 
group, there were statistically significant differ-

ences between those with versus without neuro-
logic decline. In 19 deliveries without 
deterioration, the frequency of TIAs was less 
than 10 per month while in the seven deliveries 
with deterioration, five had more than ten TIA 
events per month. Additionally, there was a sig-
nificant difference in the percentage of severely 
reduced rCVR in those without versus with neu-
rologic deterioration (10.5% vs. 100%) [15].

 MMD Treatment During Pregnancy

Although anecdotal, there is precedent for 
treating MMD during pregnancy. Fehnel and 
colleagues report the case of a 26-year-old 
patient at 12  weeks gestation who presented 
with progressive symptomatic MMD in the 
context of concurrent PHACES (Posterior fossa 
anomalies, Hemangioma, Arterial anomalies, 
Cardiac anomalies, Eye anomalies, and Sternal 
cleft and supraumbilical raphe) syndrome. She 
underwent uncomplicated indirect bypass 
(Fig. 10.2) with one self-limiting post-operative 
TIA and delivered at full term in an uncompli-
cated pregnancy without any further neurologi-
cal events. At 6-year follow-up, there were no 
new strokes or neurological deficits, and angi-
ography demonstrated successful revascular-
ization [17].

At our institution, the senior author (GKS) 
performed uncomplicated bilateral direct 
bypasses (Fig.  10.3) in a 25-year-old patient at 
10 weeks gestation. The patient experienced mild 
self-limiting post-operative TIA and went on to 
an uncomplicated full-term delivery. The patient 
subsequently completed two additional pregnan-
cies without issue.

A. V. Pendharkar et al.
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Fig. 10.2 Illustration of indirect bypass for Moyamoya 
disease via encephaloduroarteriosynangiosis (EDAS). (a) 
Craniotomy performed in the area of the parietal STA. (b) 

STA and vascular cuff placed over cortical surface. (c) 
Cranial flap is drilled to accommodate STA and secured 
with plates and screws
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Fig. 10.3 Illustration of direct bypass for Moyamoya 
disease. (a) Identification of the superficial temporal 
artery (STA) and incision in proximity. (b) Microsurgical 
dissection of STA and vascular cuff. (c) Incision of the 
temporal muscle and dura. (d) Reflection of dura to pro-

vide wide exposure over the Sylvian fissure. An M4 
branch of the middle cerebral artery is identified. (e) End- 
to- side anastomosis between distal STA and M4 branch. 
(f) Completion of anastomosis and close apposition of 
STA and vascular cuff to permit collateral formation
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 Mode of Delivery

Due to the physiological changes in pregnancy, 
there is a theoretical benefit to cesarean section; it 
may provide better control of blood pressure, as 
well as avoiding Valsalva and transient intracra-
nial pressure increases during vaginal birth. In 
contrast, there may be a detrimental effect from 
anesthesia and surgical blood loss from cesarean 
section. Indeed, there is an increase in prevalence 
of cesarean sections in pregnant MMD patients in 
the literature, indicating that many centers rec-
ommend this as a preferred delivery method [10, 
11]. However, Maragkos and colleagues con-
ducted a systematic review and demonstrated no 
superiority in mode of delivery [12].

 Stanford University Medical Center 
Experience

We have recently reported the outcomes of 59 
pregnancies in 56 MMD patients occurring 
after cerebral revascularization at our institu-
tion (Table 10.1). In this cohort of post-bypass 

MMD patients, there were five TIAs (8%) 
occurring during pregnancy or within 30 days 
of delivery but no MRI-confirmed strokes. The 
8% TIA rate is similar to reported TIA rates in 
non-pregnant post-bypass MMD patients. At 
1-year follow-up post-delivery, no patients 
had any residual neurological deficits nor any 
MRI-confirmed strokes. Furthermore, no 
patients experienced a hemorrhagic stroke. 
When examining obstetric outcomes, there 
were no second or third trimester miscar-
riages, however, there was an elevated rate of 
pre-eclampsia, possibly due to an association 
between MMD and hypertension. There was 
no statistical difference in mode of delivery 
and rates of TIA.  Interestingly, when com-
pared to a smaller cohort of pre-bypass preg-
nant MMD patients, post-bypass pregnancy 
was an independent factor (p  =  0.0061) for 
preventing perinatal stroke or TIA, suggesting 
bypass may be protective.

Taken together, our protocol at Stanford 
University Medical Center includes a prefer-
ence for multidisciplinary coordinated care with 
the patient’s obstetrician. We do recommend 
bypass in women with symptomatic MMD prior 
to conception. We recommend maintaining low-
dose aspirin and careful monitoring of blood 
pressure during pregnancy and delivery. 
Regarding blood pressure, we favor permissive 
hypertension and weigh the risk-benefit ratio 
against a trend towards elevated rates of pre-
eclampsia. We have no preference for vaginal or 
cesarean delivery. Cerebral bypass during preg-
nancy is reserved for symptomatic patients 
refractory to blood pressure augmentation. 
These recommendations are summarized in 
Fig. 10.4.

Table 10.1 Stanford series (GKS)

Pre-bypass 
pregnancy (12)

Post-bypass 
pregnancy (59)

3 (25%) Perinatal TIA 
Total

5 (8%)

2 (17%) MRI confirmed 
Stroke

0

1 (8%) Stroke w/Residual 
Deficit

0

0 Hemorrhagic 
Stroke

0

2 (17%) Preeclampsia 7 (12%)
1 (8%) Eclampsia 0
1 (8%) Cesarean 

Delivery
28 (46%)
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Fig. 10.4 Summary of the Stanford Protocol for the approach to management of Moyamoya disease in women of 
reproductive age

 Conclusions

MMD affects women in the age of fertility, and 
thus the pregnant patient with MMD is a com-
mon clinical scenario. Patients with untreated 
MMD undergoing pregnancy have a significant 
risk of post-partum neurological events. The data 
are somewhat limited, but suggest that bypass 
may be protective against pregnancy related 
strokes and TIAs due to improved cerebrovascu-
lar reserve. Careful monitoring of blood pressure, 
including not overtreating hypertension, is criti-
cal. There are no data to support the benefits of 
cesarean section compared to vaginal delivery. 
With closely coordinated care between neurosur-
gery and obstetrics, pregnant MMD patients can 
safely deliver without any long-lasting neurologi-
cal sequelae.
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11Cerebral Venous Sinus Thrombosis 
in Pregnancy

Hai Sun

 Introduction

Cerebral venous sinus thrombosis (CVST) is a 
rare but serious cerebrovascular disorder. The 
presence of a thrombus in one or more of the 
cerebral sinuses clinically defines the condition 
[1]. When accounting for all causes of stroke, 
CVST represents 0.5% of all etiologies [2]. 
Historically, the incidence of CVST was underes-
timated due to the clinical symptoms mimicking 
several other similar conditions and the reports 
documenting CVST were mostly based on 
autopsy series [2]. Today, the incidence of CVST 
in adults is estimated to be three to four cases per 
million while the incidence rises to seven cases 
per million in children and neonates [2]. A female 
predilection of CVST (i.e., women represent 
75% of adult cases) has been attributed to multi-
ple risk factors associated with this population 
[2]. CVST in the setting of pregnancy or puerpe-
rium is rare and this is reflected in its limited 
presence in the literature. However, available lit-
erature does suggest that CVST is more com-
monly clustered in these patients and must be 
addressed promptly. Advances in noninvasive 
diagnostic imaging methodologies allow for 
early detection and diagnosis of CVST thus facil-
itating timely intervention and improved out-

comes. Additionally, ongoing clinical trials 
continue to advance our understanding of the 
condition and help clinicians act promptly to this 
often-elusive diagnosis.

 Pathophysiology and Anatomy

The cerebral venous system is an extensive net-
work of interconnected veins that drain both the 
deep and superficial circulation of the brain, ulti-
mately emptying through the internal jugular 
vein (Fig.  11.1). CVST primarily affects the 
larger venous sinuses. The largest multicenter 
CVST clinical study, International Study on 
Cerebral and Dural Sinus Thrombosis (ISCVT), 
identified the anatomic location of the most com-
monly involved sinuses. The superior sagittal 
sinus (SSS) was most often affected (62%) fol-
lowed by the transverse sinus (41–44%), the 
straight sinus (18%), and the cavernous sinus 
(1%) [3]. Multiple sinuses can be affected in up 
to 30% of cases with the SSS and the transverse 
sinus being the most common sites [3].

The ISCVT study also found that pregnancy is 
a risk factor for development of CVST.  Many 
physiologic changes occur during pregnancy, 
including increase in prothrombotic proteins of 
the coagulation cascade, and a decrease in anti- 
thrombotic proteins, such as protein S.  These 
abnormalities are thought to last several weeks 
into the post-partum period. Additionally, during 
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Fig. 11.1 Lateral view of cerebral veins and venous sinuses

delivery dehydration and blood loss increase 
blood viscosity which contributes to thrombus 
formation. Pregnancy-related hypertensive dis-
eases such as pre-eclampsia, eclampsia, and 
HELLP (hemolysis, elevated liver enzymes, and 
low platelets) further contribute to a prothrom-
botic milieu [4]. In general, pregnancy and puer-
perium are associated with an increased risk of 
venous thrombotic events, such as deep venous 
thromboses (DVT) and pulmonary embolism 
(PE). While it has been suggested that CVST can 
be related to non-cerebral VTE, the ISCVT trial 
failed to identify a statistically significant corre-
lation. This lack of correlation suggests that sys-
temic and cerebral venous thrombosis may 
represent distinct pathophysiologic processes [3].

The pathophysiology leading to the develop-
ment of CVST can be summarized by two theo-
ries, which may be separately or concomitantly 
implicated [2]. Regardless of which theory pre-
vails, the outcome of CVST is the same: the lack 
of venous outflow causes buildup of blood proxi-
mally which ultimately leads to increased pres-
sure in the cerebral venous system (venous 

hypertension) and potential devastating conse-
quences including ICU elevations, venous 
infarcts, and intracranial hemorrhages [2].

 Edema and CSF Obstruction Theories

The first theory of CVST pathogenesis purports 
that the thrombosis of the cerebral veins along 
with the blood–brain barrier (BBB) disruption 
results in the development of both vasogenic and 
cytotoxic edema; both of which have been dem-
onstrated on MR imaging studies. The vasogenic 
edema is thought to be a direct result of the 
increase venous pressure and volume that induces 
widespread BBB disruption. Cytotoxic edema is 
a consequence of the decreased cerebral blood 
flow and perfusion which results in failure of the 
Na/K ATPase pump and impaired ionic hemosta-
sis. The second theory suggests a direct thrombo-
sis of the major cerebral venous sinuses. The 
thrombus causes increased pressure in the venous 
system which impedes the normal CSF flow pat-
terns from the subarachnoid space to the venous 
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circulation via the arachnoid granulations. 
Impaired absorption leads to the development of 
intracranial hypertension. Likely, these happen 
concomitantly.

 Risk Factors and Clinical 
Presentation

 Risk Factors

The risk factors for CVST are extensive and have 
been quoted to include more than 100 different 
underlying pathologic causes [5]. Just like other 
thrombosing pathologies, the Virchow triad 
(hematologic stasis, vascular endothelial dam-
age, and a hypercoagulable state) is central to the 
development and likelihood of CVST.  Broadly, 
the different etiological categories include hema-
tologic, prothrombotic states (both acquired and 
genetic), drugs, infections, mechanical causes, 
autoimmunity, malignancy, and other.

The previously mentioned ISCVT study fur-
ther elucidated common risk factors and epide-
miology. Multifactorial causes are identified in 
44% of cases while 15% of the reported cases 
have no underlying cause [3]. The most fre-
quently identified causes include genetic and 
acquired prothrombotic states, pregnancy and 
puerperium, and infections. In the general popu-
lation women experience more than three times 
the incidence of CVST than men. Young women 
are at particular risk given potential exposure to 
oral contraceptives as well as pregnancy. More 
generally, the reported incidence of non-cerebral 
venous thromboembolism (VTE) in pregnancy is 
approximately 13 per 1000 women [6]. 
Temporally, CVST risk is markedly increased 
during the last trimester of pregnancy and the 
immediate post-partum period. In a retrospective 
study of 113 patients with CVST, 59% presented 
during pregnancy or puerperium. The presence of 
CVST in pregnancy can be further influenced by 
infection, cesarean or instrumented delivery, 
advanced maternal age, excessive vomiting, and 
hyperhomocysteinemia. CVST accounts for 
30–60% of all pregnancy-related strokes [6]. A 
pregnant woman who as suffered a previous 

CVST is 80 times more likely to suffer an addi-
tional episode of CVST compared to a member 
of the general population according to some stud-
ies [6].

Finally, of the genetic or acquired prothrom-
botic states, antithrombin III, protein C, and pro-
tein S deficiencies are among the most common 
predisposing conditions. Factor V Leiden and 
prothrombin (20210) mutations are less common 
causes. The knowledge of these prothrombotic 
states warrant guideline specific interventions 
addressed later in management.

 Clinical Presentation

The diagnosis of CVST in pregnancy can be dif-
ficult given its commonly missed or overlapping 
symptomatology. Moreover, the clinical presen-
tation is highly variable and can often delay a 
swift diagnosis. The ISCVT study revealed a 
median delay from the onset of symptoms to 
diagnosis was 7 days.

The clinical entity of CVST can be grouped 
into four broad symptomatologic classes.

 1. Isolated Intracranial Hypertension. This clin-
ical presentation includes headache with or 
without vomiting, papilledema, visual distur-
bances, and possible sixth nerve palsy. In gen-
eral headache can occur in up to 89% of 
patients with CVST, however, this symptom 
has no localizing significance and provides no 
clue to the diagnosing physician [7]. This 
headache can be dull or present in an acute 
thunderclap fashion like subarachnoid hemor-
rhage. Most commonly, the headaches associ-
ated with CVST are described as dull, 
non-localizing, and aggravated by ICP elevat-
ing maneuvers. Papilledema may be seen in 
slowly developing CVST.

 2. Focal neurologic deficit and/or epilepsy. 
Hemiparesis or mono-paresis are the most fre-
quent focal neurologic signs. Depending on 
the specific focal symptomatology, one can 
infer the sinus that is thrombosed. Involvement 
of the SSS has a higher probability of causing 
bilateral motor or sensory deficits. Acute 
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aphasia can pinpoint a possible thrombosis in 
the left transverse sinus. Cognitive and neuro-
psychological deficits can be seen in straight 
sinus CVST. Seizures, either focal or general-
ized, are observed in 40% of patients, and 
CVST associated with intraparenchymal 
hemorrhage has an increased frequency of 
epileptic episodes [2].

 3. Encephalopathy. Alterations in levels of con-
sciousness, obtundation, coma, and multifo-
cal signs are associated with parenchymal 
lesions, deep venous occlusion, and extensive 
sinus thrombosis.

 4. Cavernous Sinus Involvement. This is the 
least common but portends the worst progno-
sis. It is characterized by oculomotor dysfunc-
tion, facial pain, trigeminal paresthesia, 
proptosis, and chemosis.

The most prevalent signs and symptoms from 
a pooled systematic review of CSVT in preg-
nancy and puerperium included headache (74%), 
seizure (50%), motor weakness (38%), coma or 
obtundation (45%), visual disturbances (24%), 
nausea (17%), and vomiting (23%) [8].

 Diagnostics and Imaging 
Characteristics

 Computed Tomography (CT)

Non-contrasted computed tomography (CT) 
may demonstrate hyperdense thrombus in a 
thrombosed dural sinus or vein, and is useful in 
identifying associated intracranial pathology 
(e.g., hemorrhage). Many times, thrombosed 
cortical veins appear as linear hyperdensities 
(Fig. 11.2). In some cases, hemorrhage is seen 
in the area associated with venous thrombosis. 
The most notable finding on CT scan (especially 
contrast enhanced CT) is the “delta sign”—this 
radiographic phenomenon is caused by a rela-
tively hypodense occluded sinus contrasted 
against hyperdense venous collaterals and men-
ingeal coverings [9]. The “cord sign” (denoted 
by thrombosed cortical or deep vein), and the 

“dense triangle sign” (direct visualization of the 
clot inside the vein) are also present in approxi-
mately 1/3 of patients [10] (Fig.  11.3). 
Unfortunately, routine CT is prone to false posi-
tive venous thrombus identification, the so-
called pseudo- delta sign, which can be 
secondary to subarachnoid hemorrhage (SAH) 
or subdural hematoma (SDH). Additionally, the 
radiation associated with CT scan is an impor-
tant consideration in the pregnant patient due to 
potential teratogenicity. For these reasons, other 
more sensitive imaging modalities are the main-
stay of imaging detection.
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Fig. 11.2 Pathophysiological correlates of cord and 
attenuated vein signs. (a) Cord sign is observed as hyper-
attenuation on non-contrast CT or hyperintensity on MR 
imaging. This sign localizes to thrombus within a specific 
area of the sinus. (b) Attenuated vein sign is observed as 
delta or empty delta signs on non-contrast and contrast- 
enhanced CT, respectively. These represent evolution of 
the thrombus into the deeper venous system
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 Magnetic Resonance Imaging (MRI)

Magnetic resonance imaging (MRI) and mag-
netic resonance venography (MRV) are the usual 
imaging modalities for diagnosis of 
CVST.  Understanding the varied appearance of 
sinus thrombosis on MRI is critical to its useful-
ness as a diagnostic tool. Acute thrombosis 
appears isointense on T1 weighted-imaging (WI) 
subacute thrombus appears hyperintense on 
T1WI and hypointense on T2WI (Figs. 11.4 and 
11.5). On gradient-refocused sequencing, throm-
bosis appears as a flow void. Additionally, time of 
flight (TOF) sequences allow MR to detect 
venous thromboses with high sensitivity. MRI 
also has the added benefit of detecting the size 
and extent of venous infarctions that often accom-
pany CVST. In most cases, these sequences obvi-
ate the need for traditional angiographic imaging; 
however, even MR imaging has some limitations 
if the pathology is expressed as a partial occlu-

Fig. 11.3 Noncontrast computed tomography head scan 
showing spontaneous hyperdensity of the right transverse 
sinus (Saposnik et al.)

a b

Fig. 11.4 Axial (a) and coronal (b) T1 weighted MR images after contrast administration showing a filling defect in 
the SSS (arrow) suggestive of sinus thrombosis (empty delta sign) (Filippidis et al.)
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a b c

Fig. 11.5 Sagittal (a) and axial (b, c) T1-weighted MR images obtained in a 26-year-old pregnant female showing a 
hyperintense right transverse sinus and SSS, indicative of sinus thrombosis (Filippidis et al.)

Fig. 11.6 Angiogram showing contrast in the last venous 
phase with an area of flow deficit in the left transverse 
sinus (arrow) consistent with thrombosis (Bentley et al.)

sion or, a normal anatomic variant, e.g., hypo-
plastic sinus [10]. Being non-reliant on ionizing 
radiation, MR-based imaging modalities have the 
added benefit of being safe during pregnancy.

 Cerebral Angiography

While digital subtraction angiography (DSA) is 
much more sensitive at detecting a true venous 
occlusion than noninvasive techniques, it poses a 

greater threat to the fetus due to ionizing radia-
tion. A thrombosed sinus appears as an empty 
vessel, not filling normally with contrast, sur-
rounded by engorged venous channels (Fig. 11.6). 
Thrombosed cortical veins adjacent to the main 
occlusion have a characteristic “hanging in 
space” appearance. Other times, the mark of 
thrombosis can be detected by abnormal dilation 
of collateral vessels. Although extremely sensi-
tive in detecting CVST, there are limitations to 
obtaining traditional angiograms [e.g., cost, 
available clinicians with said expertise, dangers 
of contrast administration (especially in preg-
nancy), and time]. For these reasons, magnetic 
resonance imaging (MRI) has become the typical 
diagnostic imaging modality.

 Treatment and Outcomes

 Treatment

Broadly speaking to VTE in pregnancy, the current 
recommendations are to start heparin-based anti-
coagulation to prevent sequelae from a thrombus 
with the risks of anticoagulation needing to be 
considered on an individual basis [11]. Similarly, 
the goals of treatment for CVST are to recanalize 
the sinus, prevent thrombus propagation, and pre-
vent pulmonary embolism. These goals are largely 
achieved by the initiation of heparin infusion, or 
weight-based low-molecular weight heparin 
(LMWH). Throughout the obstetrical and gyneco-
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logical literature, and even in the ISCVT trial, 
there are no guidelines put forth in regard to treat-
ment for CVST. The ISCVT does, however, men-
tion that over 80% of the patients enrolled in the 
study were treated with anticoagulants [3]. It is 
important to note that heparin administration is not 
contraindicated, even in patients with associated 
intracerebral hemorrhage. Currently, clinical trials 
are underway to determine if thrombolytic therapy 
has a role in reducing morbidity and mortality 
associated with CVST; as of yet, no such benefit 
has been shown [10]. For patients with transient 
risk factors, anticoagulation use should continue 
for 3–6 months; whereas patients with idiopathic 
CVST should remain on anticoagulation for 
6–12 months; and patients with severe thrombo-
philia or combined permanent risk factors should 
remain on lifelong anticoagulation. Naturally, 
symptomatic treatment should be provided for sei-
zures, cerebral edema, and hypertension to ensure 
the best clinical outcome. Even patients with cere-
bral edema requiring decompressive craniectomy 
have been shown to have good functional out-
comes [4, 10]. Regarding specific medications tra-
ditionally used to treat cerebral edema and 
intracranial hemorrhage in the non-pregnant 
patient; levetiracetam and lamotrigine are safe 
antiepileptics in pregnancy as are intravenous 
labetalol and hydralazine for blood pressure con-
trol. There is no controlled data in human preg-
nancy for the use of mannitol.

Additionally, the aforementioned prothrom-
botic diagnoses warrant the use of anticoagula-
tion during and after pregnancy given the 
increased risk of VTE. According to the American 
College of Obstetricians and Gynecologists 
Practice Bulletin on Thromboembolism in 
Pregnancy if a pregnant women has any of the 
aforementioned acquired or genetic diagnoses 
then prophylactic anticoagulation with heparin- 
based products is indicated [11].

 Outcomes and Future Pregnancy

In the largest prospective observational study to 
date of all patients with CVST, 79% of patients 
recovered completely. The rate of death in the 

acute period was 5.6%. Prognosticators of poor 
outcome included: age >37 years, mental status 
disorders, coma, deep vein thrombosis (DVT), 
ICH on radiographic imaging, CNS malignancy, 
or infection [10]. Associated complications 
included: further venous thrombotic events 
(intra- and extracranial), seizure, headache, 
vision loss, and cognitive deprecation.

Patients with CVST should not become preg-
nant while on anticoagulation. However, after 
treatment is complete, data shows that despite 
having a higher risk of CVST recurrence, preg-
nancy is typically safe in women who have previ-
ous CVST. Approximately 62% of women who 
become pregnant post-CVST had uneventful 
pregnancies. However, women who had CVST 
were 80 times the general population to have a 
recurrence in a future pregnancy, and 16 times 
more likely to develop non-cerebral venous 
thromboembolism during pregnancy [6, 10].

 Summary

CVST in pregnancy is a rare entity but it can have 
devastating sequelae. Astute clinical awareness 
and prompt radiographic diagnosis allow for ear-
lier interventions. A basic understanding of the 
cerebral venous anatomy and pathophysiology of 
CVST guides the treatment paradigm. Currently, 
the treatment algorithm supports the initiation of 
heparin infusion, or weight-based low-molecular 
weight heparin (LMWH) with close clinic moni-
toring and a multidisciplinary effort across spe-
cialties. If treated appropriately patients have 
good outcomes and can have successful pregnan-
cies in the future.
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12Neurology of Preeclampsia 
and Eclampsia

Hannah J. Roeder and Eliza C. Miller

 Introduction

Preeclampsia, a hypertensive disorder unique to 
human pregnancy, is among the most common of 
adverse pregnancy outcomes, complicating 
approximately 2–8% of pregnancies [1]. In its 
more severe manifestations, such as HELLP 
(hemolysis, elevated liver enzymes, low plate-
lets) syndrome and eclampsia (preeclampsia 
complicated by generalized seizures), preeclamp-
sia remains a major cause of maternal mortality 
both in the USA and worldwide. Hypertensive 
disorders account for approximately 7% of 
maternal deaths in the USA and 14% globally [2, 
3]. Neurological complications figure promi-
nently among the causes of maternal morbidity 
and mortality in women with preeclampsia, with 
intracerebral hemorrhage being a leading cause 
of death in this population [4, 5]. Thus, both neu-
rologists and obstetricians must be familiar with 
the neurological manifestations of preeclampsia. 
In this chapter, we review the pathophysiology of 
preeclampsia–eclampsia (PEE) as it relates to the 

nervous system, as well as the prevention, diag-
nosis, and treatment of neurological complica-
tions in women with PEE.

 History and Definitions 
of Preeclampsia–Eclampsia

PEE is a complex, heterogeneous disorder, and 
historically considerable controversy regarding 
its definition and classification existed. However, 
neurological complications have consistently 
been recognized as a key feature. A preeclampsia- 
like syndrome with neurological features was 
described by the ancient Greeks in the Coan 
Prognosis (approximately 400 bce; often attrib-
uted to Hippocrates but likely a composite of ear-
lier physician writers): “In pregnancy, the onset 
of drowsy headaches with heaviness is bad; such 
cases are perhaps liable to some sort of fits at the 
same time” [6]. However, as obstetrics was gen-
erally the purview of midwives, and not male 
physicians, PEE remained largely ignored by the 
Western medical literature until the seventeenth 
century, when the renowned obstetrician Francois 
Mauriceau described several important aspects of 
the syndrome, including the high morbidity of its 
neurological complications: “The mortal danger 
to mother and fetus is greater when the mother 
does not recover consciousness between convul-
sions” [7]. The term eclampsia, meaning “to 
shine/burst forth” was not introduced until the 
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eighteenth century, by the French obstetrician 
Boissier de Sauvages, who is first credited with 
differentiating eclampsia from epilepsy [8]. A 
prodromal syndrome which included neurologi-
cal features was not recognized until a century 
later in 1843, when Dr. Robert Johns of the 
Dublin Lying-In Hospital noted that the combi-
nation of edema and “headache, weight, or giddi-
ness in the head, ringing in the ears, [or] a 
temporary loss of vision” should raise alarm bells 
for the attending obstetrician [9]. Interestingly, 
he goes on to point out that “in most, if not all the 
cases which I state as having occurred under my 
own observation, these very premonitory symp-
toms had been present before labour, and I argue, 
that had they attracted the requisite attention at 
that period, the subsequent convulsions might 
have been avoided” [9]. Thus, the concept that 
early recognition of high-risk neurological fea-
tures might prevent later maternal complications 
is far from new but remains highly relevant to 
contemporary medical practice.

In the late nineteenth and early twentieth cen-
tury, prodromal features such as hypertension 
and proteinuria preceding eclamptic convulsions 
came to be known as toxemia or toxemia of preg-
nancy, reflecting initial prevailing theories that 
the syndrome was caused by a toxic or inflamma-
tory state induced by the pregnancy. Definitions 
of this prodromal syndrome have since evolved, 
and continue to be debated and refined to this day 
(Table 12.1). By the 1970s, the term toxemia had 
fallen out of favor and the more modern terminol-
ogy of preeclampsia and hypertensive disorders 
of pregnancy was adopted [8]. Hypertension and 
proteinuria were considered to be defining and 
necessary features for the diagnosis. However, in 
1992, Douglas and Redman conducted an exhaus-

tive clinical review of every case of eclampsia in 
the United Kingdom and found that 38% of cases 
were “unheralded” by hypertension or protein-
uria [13]. Interestingly, their study found, in the 
week prior to presentation with eclampsia, head-
ache was seen in 50% of women and visual dis-
turbances in 19%. They concluded that while the 
incidence of eclampsia preceded by classic “pre- 
eclampsia” had declined, “atypical” cases 
remained difficult to predict, and recommended 
that screening and diagnostic tests consider “fea-
tures other than hypertension and proteinuria” 
[13]. Nevertheless, despite being common and 
well characterized, neurological symptoms were 
not incorporated as a defining characteristic of 
preeclampsia until 2013 [14].

Currently accepted definitions of PEE are 
summarized in Table  12.1. Of note, the 
American College of Obstetricians and 
Gynecologists (ACOG) and the International 
Society for the Study of Hypertension in 
Pregnancy (ISSHP) have slightly different cri-
teria for the diagnosis. Neurologists should par-
ticularly note that while both ACOG and ISSHP 
consider severe headaches or visual symptoms 
to be preeclampsia- defining, ISSHP includes 
additional neurological findings such as clonus, 
stroke, altered mental status, or eclampsia as 
preeclampsia-defining features. In addition, 
while the ACOG continues to differentiate neu-
rological symptoms as one of several “severe 
features,” ISSHP notes that while “distinctions 
between early and late onset, and mild and 
severe pre-eclampsia, may be useful for 
research purposes … for clinical purposes, the 
condition should be considered as one that is at 
any time capable of being severe and life- 
threatening for mother and baby” [10, 11].
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Table 12.1 ACOG and ISSHP definitions of preeclampsia–eclampsia [10, 11]

ACOG (2019 revision) ISSHP (2018 revision)
Preeclampsia
New onset, persistent 
hypertension at or after 
20 weeks pregnancy in a 
woman with previously 
normal blood pressure

•  SBP of 140 mmHg or more or DBP of 
90 mmHg or more on two occasions at 
least 4 h apart after 20 weeks of gestation 
in a woman with a previously normal BP

•  SBP ≥140 and/or DBP ≥90 mmHg; 
BP should be repeated to confirm true 
hypertension

and •  SBP of 160 mmHg or more or DBP of 
110 mmHg or morea,b

•  If BP is severe (SBP ≥160 and/or 
DBP ≥110 mmHg) then BP should 
be confirmed within 15 min

[Severe hypertension can be confirmed 
within a short interval (minutes) to facilitate 
timely antihypertensive therapy]

•  If less severe BP, repeated readings 
should be taken over a few hours

•  Use liquid crystal 
sphygmomanometer or if unavailable, 
validated and appropriately calibrated 
automated device

Proteinuria •  300 mg or more per 24-h urine collection 
(or this amount extrapolated from a timed 
collection) or

•  24-h urinary protein ≥300 mg per day 
or

•  Protein/creatinine ratio of 0.3 mg/dL or 
more or

•  Protein/creatinine ratio ≥ 30 mg/
mmol (0.3 mg/mg) or

•  Dipstick reading of 2+ (used only if other 
quantitative methods not available)

•  When neither 24 h nor protein/
creatinine ratio measures, dipstick 
testing showing values greater than 
1 g/L, i.e., 2+

OR New onset of any of the following: •  Acute kidney injury (creatinine 
≥90 μmol/L; 1 mg/dL)

In absence of proteinuria •  Thrombocytopenia: Platelet count less 
than 100,000 × 109/La

• Liver involvement (elevated 
transaminases, e.g., ALT or 
AST > 40 IU/L) with or without right 
upper quadrant or epigastric abdominal 
pain)

•  Renal insufficiency: Serum creatinine 
concentrations greater than 1.1 mg/dL or a 
doubling of the serum creatinine 
concentration in the absence of other renal 
diseasea

•  Hematological complications 
(thrombocytopenia—Platelet)

•  Impaired liver function: Elevated blood 
concentrations of liver transaminases to 
twice normal concentrationa

•  Count below 150,000/μL, DIC, 
hemolysis)

•  Pulmonary edemaa •  Uteroplacental dysfunction (fetal 
growth restriction, abnormal 
umbilical artery Doppler wave form 
analysis, or stillbirth)c

•  New-onset headache unresponsive to 
medication and not accounted for by 
alternative diagnoses, or visual 
symptomsa

•  Neurological complications 
(eclampsia, altered mental status, 
blindness, stroke, clonus, severe 
headaches, persistent visual 
scotomata)

(continued)
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Table 12.1 (continued)

ACOG (2019 revision) ISSHP (2018 revision)
Preeclampsia variants
Preeclampsia superimposed 
on chronic hypertension

•  Preeclampsia in a woman diagnosed with 
chronic essential hypertension; diagnosis 
of exclusion [12]

•  New onset proteinuria or other 
maternal organ dysfunction in a 
woman with a diagnosis of chronic 
essential hypertension

•  New onset thrombocytopenia, elevated 
liver transaminases, sudden development 
of symptoms suggestive of preeclampsia, 
or elevated uric acid levels suggest 
superimposed preeclampsia

•  Rises in blood pressure are 
insufficient to diagnose superimposed 
preeclampsia

•  Fetal growth restriction is insufficient 
to diagnose superimposed 
preeclampsia

HELLP syndrome • LDH elevated to 600 IU/L or more •  ISSHP does not define this as a 
separate condition and considers this 
condition to be part of the 
preeclampsia spectrum

•  AST and ALT elevated more than twice 
the upper limit of normal

• P latelet count less than 100,000 × 109/L
Eclampsiad •  New-onset tonic-clonic, focal, or 

multifocal seizures in absence of other 
causative conditions (e.g., epilepsy, 
cerebral ischemia, intracranial 
hemorrhage, drug use)

•  ISSHP does not define this as a 
separate condition and considers it 
among the neurological 
complications of preeclampsia

ACOG American College of Obstetricians and Gynecologists, ISSHP International Society for the Study of Hypertension 
in Pregnancy, SBP systolic blood pressure, DBP diastolic blood pressure, BP blood pressure, ALT alanine aminotrans-
ferase, AST aspartate aminotransferase, LDH lactate dehydrogenase, DIC disseminated intravascular coagulation
Bold draws attention to the neurological features of preeclampsia/eclampsia
a Severe feature by ACOG definition
b Women with gestational hypertension who present with severe-range blood pressures should be managed with the 
same approach as for women with severe preeclampsia, regardless of other features
c ISSHP includes fetal growth restriction and other placental manifestations as preeclampsia-defining features
d ACOG notes that women may not exhibit other signs of preeclampsia (e.g., hypertension, proteinuria) before present-
ing with seizures

 Epidemiology of Preeclampsia–
Eclampsia and Its Neurological 
Complications

PEE affects between 2 and 8% of all pregnancies 
[1]. In certain populations, the incidence is far 
higher; up to 50% of women with chronic hyper-
tension develop superimposed preeclampsia, and 
the risk may be even higher in women with pre-
existing organ dysfunction [12]. A recent Mayo 
Clinic study using medical-record linkage data 
from the Rochester Epidemiology Project 
(Olmsted County, Rochester, MN) took the novel 
approach of quantifying preeclampsia incidence 
on a “per-woman” rather than “per-pregnancy” 
basis, and found that this effectively doubled pre-
eclampsia incidence from 3.3 cases per 100 preg-
nancies to 7.5 cases per 100 women (95% 
confidence interval [95%CI], 6.3–8.8) [15]. The 

rate is likely to be far higher in higher-risk popu-
lations [16]. Eclampsia is far less common today 
in high-income countries but remains a major 
cause of maternal death in women in low- and 
middle-income countries (LMICs): a recent anal-
ysis of a cluster-randomized trial in LMICs found 
that rates of eclampsia ranged from 19.6 to as 
high as 142 cases per 10,000 deliveries; overall, 
6.9% of women with eclampsia died [17].

Neurological complications are common in 
preeclampsia and present, by definition, in all 
eclampsia cases. In addition to seizures, head-
aches, and visual symptoms, neurological com-
plications of PEE include ischemic and 
hemorrhagic stroke, posterior reversible 
encephalopathy syndrome (PRES), reversible 
cerebral vasoconstriction syndrome (RCVS), 
peripheral neuropathy, encephalopathy, and 
sleep dysfunction.
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 Pathophysiology of Preeclampsia–
Eclampsia: The “Disease 
of Theories”

The pathophysiology of PEE is complex and 
multifactorial and remains incompletely under-
stood and hotly debated, earning it the moniker 
the disease of theories [18]. However, most 
authors agree that placental dysfunction is a pri-
mary disturbance [19]. Early in pregnancy, fetal 
trophoblast cells migrate along maternal spiral 
arteries in the endometrium and induce vascular 
remodeling, resulting in a low-resistance, high- 
flow state which promotes delivery of oxygen 
and nutrients from the maternal circulation to the 
placenta. The remodeling process requires com-
plex immunological and angiogenic two-way 
signaling between the trophoblast and the mater-
nal endothelium [20]. Failure of remodeling 
results in the so-called decidual vasculopathy, 
with maternal spiral arteries remaining in a high- 
resistance state, which leads to reduced uterine 
perfusion, placental ischemia, and placental 
release of cytokines and angiogenic factors, with 
a cascade of downstream vascular and inflamma-
tory effects [21].

Vascular pathology is likely both a cause and 
a result of PEE. Endothelial dysfunction through-
out the maternal vasculature is a key feature of 
PEE, including impaired nitric oxide and 
 prostacyclin production, vascular oxidative 
stress, increased vasoconstrictive activity by 
thromboxane A2 and endothelin-1, and increased 
sensitivity to the vasoconstrictive effects of 
angiotension II [22–26]. An excess of soluble 
FMS-like tyrosine kinase-1 (sFlt-1), a placen-
tally-produced anti-angiogenic factor which 
binds to both vascular endothelial growth factor 
(VEGF) and the VEGF homolog, placental 
growth factor (PlGF), has been shown to predict 
PEE in women, and animal studies support a 
causal role for sFlt-1 [27, 28]. Another anti-
angiogenic protein, soluble endoglin (sEng), 
appears to combine with sFlt-1 to cause many of 
the severe systemic features of PEE [29]. Studies 
in preeclampsia rat models have also demon-
strated impairment in vascular smooth muscle 
function [24]. Women with preeclampsia have 

impaired flow-mediated dilation during preg-
nancy and for 3 years afterwards, implicating 
vascular dysfunction in both the pathogenesis 
and long-term vascular consequences of pre-
eclampsia [30]. Some authors propose that PEE 
is a maternal cardiovascular disorder, meaning a 
failure of the maternal vasculature to adapt to the 
physiological challenge of pregnancy, rather than 
a primary placental disorder [31].

Inflammation and immunological mecha-
nisms also appear to play critical roles in 
PEE.  While pregnancy has traditionally been 
thought of as a state of immune tolerance, recent 
work suggests that immunomodulated may better 
describe the complex state whereby the maternal 
host tolerates the allogeneic fetus [32]. Once 
nicknamed the disease of primiparity, PEE has 
long been noted to occur more frequently in the 
first pregnancy; some evidence shows an associa-
tion between primipaternity or partner change 
and PEE risk, suggesting immune mechanisms 
[33]. Both normal pregnancy and PEE are associ-
ated with an inflammatory response, which is 
intensified in PEE in response to oxidative stress. 
Signs of inflammation such as increased 
C-reactive protein, platelet, and complement acti-
vation, and elevated pro-inflammatory cytokines 
all occur in normal pregnancy and to a greater 
extent in PEE. Thus, some authors have proposed 
that normal pregnancy and PEE exist on an 
inflammatory continuum, with PEE developing 
when inflammatory mechanisms exceed the lim-
its of maternal compensatory capacity [34]. 
Increased shedding of microvesicles from the 
stressed placenta into the maternal circulation is 
seen in PEE, resulting in a cascade of proinflam-
matory effects, mediated in part by the recogni-
tion of danger-associated molecular patterns 
(DAMPs) or alarmins by the maternal inflamma-
some [35, 36].

Lastly, as a heterogeneous disorder, the genet-
ics of PEE are complex. Both the maternal and 
fetal genome, together with their interactions, 
must be considered [37]. The disorder clusters in 
families, with a nearly three-fold higher risk in 
women with a family history of the disease [38]. 
However, the inheritance is likely polygenic and 
highly influenced by environmental factors [39]. 
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Genome-wide association studies recently identi-
fied a significant susceptibility locus in the fetal 
genome near the FLT1 gene which encodes FMS- 
tyrosine kinase 1, which is biologically plausible 
given the known involvement of sFlt-1 and 
related proteins in the pathogenesis of PEE [40].

 Preeclampsia–Eclampsia 
and the Maternal Nervous System

As described later in this chapter, PEE is associ-
ated with multiple neurological complications, 
including seizures, cerebral infarction, arteriopa-
thies, intracerebral hemorrhage, encephalopathy, 
and peripheral neuropathies. The mechanisms by 
which PEE causes these complications are an 
underexplored area of neuroscience. However, 
studies have demonstrated important effects of 
PEE on the blood–brain barrier, the cerebral 
endothelium, vascular smooth muscle, and auto-
nomic activity.

In rat models of healthy pregnancy, the cere-
bral vasculature adapted to the increased volume 
as well as increased circulating vasoconstrictors 
late in gestation, and autoregulation was even 
improved [41–43]. In contrast, plasma from pre-
eclamptic women caused increased blood–brain 
barrier permeability [44]. A study in a different 
rat model of preeclampsia demonstrated impaired 
cerebral autoregulation and increased blood–
brain barrier permeability in placental ischemic 
rats, compared to controls, an effect subsequently 
shown to be mediated by inflammatory cytokines 
[45, 46]. Studies in other animal models of PEE 
also support the hypothesis that PEE causes 
blood–brain barrier leakage and impairment of 
cerebral autoregulation [44, 47–49]. In clinical 
studies, women with PEE have shown impaired 
cerebral autoregulation as well as impaired cere-
bral vasoreactivity in response to CO2 inhalation 
[50, 51]. In a neuropathological study of women 
who died of eclampsia, researchers found peri-
vascular microhemorrhages and microinfarcts as 
well as arteriolar vasculopathy [52]. These and 
related effects may in part explain why intracere-
bral hemorrhage may occur in preeclamptic 

women at blood pressures that are not necessarily 
in the severe range [53].

Seizures are a defining feature of eclampsia. 
In a rat model, preeclamptic rats have been shown 
to have decreased seizure threshold and increased 
inflammatory cytokines compared to controls; 
the effect was inhibited by pretreatment with 
magnesium [54, 55]. The susceptibility of the 
maternal brain to seizures may be further 
increased by blood–brain barrier dysfunction, 
exposing the brain to circulating proinflamma-
tory factors [56].

Autonomic nervous system dysfunction is 
also a pathophysiologic feature of PEE.  In 
uncomplicated pregnancy, vasomotor sympa-
thetic activity increases, but in women with 
hypertensive disorders of pregnancy, sympathetic 
activity increases to an even greater degree and 
parasympathetic activity decreases [57–59]. In 
healthy pregnancies, estrogenic effects may blunt 
the effect of increased sympathetic activity on 
vascular resistance [60]. A systematic review 
including 26 studies found 93.6% of women with 
preeclampsia demonstrated dysautonomia as 
assessed by cardiovascular reflex tests, heart rate 
variability, cardiac baroreflex gain, muscle sym-
pathetic nerve activity, or biomarkers of sympa-
thetic activity [61]. The atypical autonomic 
response in preeclampsia is also associated with 
a decrease in spontaneous fetal heart rate accel-
erations in late pregnancy, a measure of fetal 
well-being [58]. The sympathetic overactivity of 
preeclampsia normalizes after delivery [57, 62].

 Maternal Neurological 
Complications of Preeclampsia/
Eclampsia

 Seizures

The occurrence of one or more seizures superim-
posed on preeclampsia defines the onset of 
eclampsia [10]. Eclampsia is a dangerous com-
plication of pregnancy, with high associated 
maternal and fetal morbidity and mortality [10]. 
In general, the semiology of eclamptic seizures is 
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generalized tonic-clonic convulsions. [63] Focal 
seizures have been described as presentations of 
atypical eclampsia but should be a red flag 
prompting further investigation for a structural 
brain abnormality [64]. Electroencephalogram 
(EEG) abnormalities can be seen in both pre-
eclampsia and eclampsia. One study of pre-
eclamptic patients found that half of the EEGs 
were abnormal, with generalized slowing being 
most common [65]. In three studies that per-
formed EEG analysis in patients with severe pre-
eclampsia and/or eclampsia, abnormalities were 
seen between 70% and 80% of the time, includ-
ing instances of generalized slowing, focal slow-
ing, epileptiform discharges, seizures, alpha 
coma, and electrocerebral silence [65–67].

Prompt treatment of eclamptic seizures is crit-
ical. As with other medical emergencies, man-
agement of eclampsia begins with ensuring 
adequate maternal circulation, airway, and 
breathing and promptly initiating (or continuing) 
fetal monitoring. The patient should be placed on 
her side with close monitoring of vitals and oral 
suctioning as necessary. Magnesium is used for 
both treatment and prevention of eclampsia. As 
early as 1925, the use of magnesium sulfate to 
treat eclampsia was reported in the literature with 
a case series of 17 patients [68]. For perspective, 
the article also mentions eliminative measures 
(including phlebotomy, stomach lavage, castor 
oil, and colonic flushing with glucose and soda), 
which were other contemporary measures for 
treatment of eclampsia. The author Lazard pro-
posed that “the sedative action of magnesium sul-
phate on nerve cells” was the mechanism of 
seizure control [68]. Even now, no single mecha-
nism is known to be responsible for seizure con-
trol, but several are proposed. Magnesium 
deficiency reduces neuronal membrane surface 
charge and increases neuronal hyperexcitability, 
which supplementation corrects [69]. Magnesium 
acts as a central N-methyl-d-aspartate antagonist 
and has been shown to control NMDA-induced 
seizures in rats [70]. Magnesium may limit cere-
bral edema formation via its action on cerebral 
aquaporin expression, reducing seizure occur-
rence [71]. Magnesium acts as a smooth muscle 
calcium antagonist causing arterial relaxation 

both systemically and cerebrally, although its 
effect on preventing seizures via decreasing sys-
temic blood pressure and/or inhibiting cerebral 
vasospasm is unknown [72]. In the general popu-
lation, hypomagnesemia is known to precipitate 
seizures [73]. Many decades after Lazard’s obser-
vations, the 1995 Eclampsia Trial Collaborative 
Group helped solidify magnesium as the treat-
ment of choice for eclampsia, demonstrating its 
superiority to both phenytoin and diazepam in 
reducing recurrent eclamptic seizures [74]. 
Additionally, magnesium was associated with 
lower maternal and perinatal morbidity than phe-
nytoin [74]. Other trials have also shown the 
superiority of magnesium to phenytoin and diaz-
epam in treating eclamptic seizures [75–77]. Due 
to the success of magnesium in treating seizures 
from eclampsia, prior to the development of the 
current armamentarium of anti-epileptic drugs 
available today, magnesium was used as a treat-
ment for seizures of all etiologies in pregnant and 
non-pregnant patients. This is no longer the case; 
however, of note, recent literature suggests there 
may be a potential role for magnesium in the 
treatment of drug-resistant seizures in the popu-
lation at large [78].

The preferred magnesium regimen in the USA 
is a 4–6  g intravenous loading dose over 
20–30  min, followed by a maintenance rate of 
1–2 g/h [10]. Magnesium infusion requires close 
laboratory monitoring of magnesium levels and 
clinical monitoring of reflexes, urinary output, 
and respiratory status. Hypermagnesemia toxic-
ity first presents as areflexia around 9 mg/dL with 
higher levels having the risk of respiratory 
depression (12  mg/dL) and eventually cardiac 
arrest (30 mg/dL) [10]. In one of the EEG studies 
mentioned previously, seizures persisted for two 
patients at serum magnesium levels of 9.6 and 
11 mg/dL—both above the standard therapeutic 
goal for eclampsia [65]. No good data exist to 
guide management of magnesium-refractory 
eclamptic convulsions; however, it is certainly 
reasonable to dose benzodiazepines and consider 
loading a long-acting anti-epileptic drug for 
recurrent seizures following an adequate magne-
sium trial, particularly in the post-partum setting 
when there is no potential fetal risk, or when red 
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flags exist to suggest possible alternative etiology 
of seizures.

The MAGPIE randomized controlled trial of 
over 10,000 women with preeclampsia admitted 
to hospitals in 33 countries found that magne-
sium lowered the risk of eclampsia by 58% 
(95%CI, 40–71%), such that 11 per 1000 fewer 
women developed eclampsia [79].

Expedient delivery of infant and placenta fol-
lowing the onset of eclampsia is also key to 
decreasing maternal and perinatal mortality. In 
one early study, maternal mortality was 7% with 
delivery within 2 h but skyrocketed to 42% with 
delivery beyond 24 h, and in another early study, 
perinatal mortality was 14% with delivery 
within 6  h but soared to 62% when delivery 
occurred between 12 and 24 h after eclampsia 
onset [80, 81]. Delivery may also be necessary 
to prevent eclampsia; the American College of 
Obstetricians and Gynecologists (ACOG) rec-
ommends delivery for women >37 weeks with 
preeclampsia, and >34 weeks with preeclampsia 
with severe features and in other clinical situa-
tions where the benefit outweighs the risk of 
preterm delivery [10].

A classic study of eclampsia found that EEG 
abnormalities can resolve with lowering blood 
pressure to a normal range, and experience from 
hypertensive encephalopathy and PRES in the 
general population support this notion [82]. 
However, the role of anti-hypertensives in the 
acute management of eclampsia remains unclear.

Regarding timing, seizures may occur ante-
partum, intrapartum, or postpartum. Postpartum 
eclamptic seizures typically occur within 48 h of 
delivery. Later onset of eclampsia has rarely been 
reported; however, such cases warrant further 
investigation for other seizure precipitants [83].

The obstetrician and neurologist should 
always consider a wide differential for seizures 
occurring during pregnancy and postpartum, 
including pre-existing epilepsy, vascular insults, 
space-occupying lesions, autoimmune disorders, 
central nervous system infections, metabolic 
abnormalities, and substance use/withdrawal 
[63]. Considerations related to seizures and epi-
lepsy in pregnancy are detailed in Chap. 28.

 Headaches

Headaches are common during pregnancy, and 
causes range from benign to life-threatening. 
Migraines are more common in women and the 
prevalence peaks during the childbearing years 
[84]. For most women, preexisting migraines 
improve or remit during pregnancy but for a 
minority, headaches can worsen or even start dur-
ing pregnancy [85]. Most studies suggest that 
migraineurs are more like to develop preeclamp-
sia; in one meta-analysis, 8 out of 10 studies 
found a positive association between migraine 
history and either preeclampsia or gestational 
hypertension [86]. One case-control study of 
women with preeclampsia versus controls with 
an uncomplicated pregnancy found an OR 4.95 
(95%CI 2.47–9.92) of those with preeclampsia 
having a headache history [87]. Catamenial 
migraines with onset at menarche were most 
associated with preeclampsia, and women with 
severe preeclampsia were even more likely to 
have a headache history [87]. The presence of 
aura has not consistently been shown to affect the 
risk of preeclampsia in pregnant migraineurs 
[86]. The mechanism of the relationship between 
migraines and preeclampsia is unknown but pos-
sibilities include vascular reactivity, endothelial 
damage, platelet hyper-aggregation, and magne-
sium deficiency [88–93]. Notably, both migraines 
and preeclampsia are risk factors for ischemic 
stroke in women. In addition to being used for 
prevention and treatment of eclampsia, magne-
sium may be used as both a preventive and abor-
tive medication for migraines [94–96].

Development of a new headache semiology 
during pregnancy may signal the onset of pre-
eclampsia. The International Classification of 
Headache Disorders describes a headache attrib-
uted to PEE as a “Headache, usually bilateral and 
pulsating, occurring in women during pregnancy 
or the immediate puerperium with pre-eclampsia 
or eclampsia. It remits after resolution of the pre-
eclampsia or eclampsia.” [97] Migraines and 
other primary headaches must be differentiated 
from secondary causes of headache during preg-
nancy and the puerperium; differential diagnoses 
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to be considered in addition to PEE include cere-
brovascular disorders (ischemic and hemorrhagic 
stroke, cerebral venous thrombosis, RCVS, 
PRES, arterial dissection), idiopathic intracranial 
hypertension, space-occupying lesions, systemic 
or central nervous system infection, post-dural 
puncture headache, and pituitary apoplexy. The 
approach to evaluation and management of head-
aches during pregnancy is described in Chap. 27.

 Cerebrovascular Disease

Vascular dysfunction is central to the pathophysi-
ology of preeclampsia and eclampsia. The mater-
nal cerebral vasculature is highly susceptible to 
adverse events, which may manifest as hemor-
rhagic stroke, ischemic stroke, RCVS, and PRES.

 Ischemic and Hemorrhagic Stroke
Hypertensive disorders of pregnancy, including 
PEE, are well-established risk factors for mater-
nal stroke [98–100]. Maternal stroke (stroke 
occurring during pregnancy, delivery, or postpar-
tum period) occurs in an estimated 30 out of 
100,000 deliveries [101]. Stroke is the most com-
mon cause of serious long-term disability follow-
ing pregnancy and is the seventh leading cause of 
death among pregnant women in the USA [102–
104]. Analysis of the Nationwide Inpatient 
Sample from 2000 to 2001 showed that PEE is 
associated with a four-fold increase (OR 4.4, 
95%CI 3.6–5.4) of stroke during pregnancy 
[105]. Among women with preeclampsia, cere-
brovascular disease is a leading cause of maternal 
mortality, with intracerebral hemorrhage account-
ing for most of the deaths [4]. In an analysis of 
New York State Department of Health inpatient 
data, among 200 strokes occurring in women 
with preeclampsia, the risk of stroke was greater 
with severe preeclampsia or eclampsia, co- 
existing prothrombotic states or coagulopathies, 
infections, and chronic hypertension [106]. 
Almost half of the strokes were hemorrhagic and 
more than 10% of the women with preeclampsia- 
associated stroke died during the admission for 
stroke [106]. In a Taiwanese population, the rela-
tive risk of stroke for women with PEE was great-

est in the third trimester and the first 3 days 
postpartum (with hemorrhagic strokes slightly 
more common than ischemic strokes) but the 
elevated risk for both types of strokes persisted 
throughout the 12-month postpartum period stud-
ied [107].

The diagnosis and management of suspected 
stroke in women with preeclampsia requires an 
interdisciplinary team, involving stroke neurolo-
gists, obstetricians, radiologists, pharmacists, 
anesthesiologists, critical care physicians, the 
patient and family, and others, depending on the 
clinical scenario. Sudden onset focal neurologi-
cal deficits in women with preeclampsia should 
prompt all clinicians to consider a diagnosis of 
stroke and act promptly [108]. Evaluation begins 
with ensuring adequate circulation, airway, and 
breathing and measuring vital signs, including 
blood pressure. The team should check a finger-
stick glucose level and send basic bloodwork. 
The clinician should obtain a brief history to 
establish the last known well and to identify 
exclusion criteria for thrombolytics, and perform 
a focused exam to obtain a National Institutes of 
Health Stroke Scale score. Specific to 
preeclampsia- associated stroke, antenatal and 
intrapartum women require fetal monitoring and 
administration of magnesium sulfate.

Hemorrhagic and ischemic stroke are indistin-
guishable by history and exam alone; therefore, 
neuroimaging is required (Fig.  12.1). Non- 
contrast computed tomography (CT) head (and 
CT angiogram of the head and neck if concern 
for a large vessel occlusion) should be obtained 
without delay to evaluate for hemorrhage and to 
assess for early ischemic signs. The fetal radia-
tion exposure from a CT head is minimal and has 
not been shown to increase pregnancy or fetal 
complications [109, 110]. Use of abdominal/pel-
vic shielding, minimizing scans, and discussion 
with patient and family are encouraged. If imme-
diately available, magnetic resonance imaging 
(MRI) is an acceptable alternative.

If CT head demonstrates a hemorrhagic stroke 
(intracerebral and/or subarachnoid hemorrhage), 
the patient should be monitored in an intensive 
care setting with neurology and obstetric involve-
ment. Initial management should focus on con-

12 Neurology of Preeclampsia and Eclampsia



218

a b c

Fig. 12.1 A 40-year-old woman with history of migraines 
developed hypertension and severe headache a week after 
giving birth to her first child. Her postpartum course had 
been complicated by an infection requiring re-admission 
and intravenous antibiotics. She was treated for pre-
eclampsia with magnesium, and symptoms improved. 
Shortly before planned discharge she developed recurrent 

headache, hypertension, and a visual field deficit. Head 
CT without contrast showed acute left occipital intracere-
bral (a) and subarachnoid (b) hemorrhage. Cerebral 
angiogram (c) showed multifocal vasoconstriction sug-
gestive of reversible cerebral vasoconstriction syndrome. 
Vasospasm was confirmed with transcranial Doppler and 
resolved over the next few weeks

trolling blood pressure and correcting 
coagulopathies to avoid hemorrhage expansion. 
Additional imaging and evaluation may be 
required to identify the underlying mechanism 
(such as vascular malformation, venous sinus 
thrombosis, hypertension), and interventions to 
prevent recurrent hemorrhage pursued as indi-
cated [108].

If acute onset focal neurological findings are 
present and brain CT is normal or shows early 
ischemic changes, intravenous thrombolysis and/
or mechanical thrombectomy may be considered. 
Pregnancy is an exclusion criterion in nearly all 
acute ischemic stroke management trials for both 
thrombolysis and thrombectomy. The American 
Stroke Association 2018 Guidelines for manage-
ment of acute ischemic stroke state “IV alteplase 
administration may be considered in pregnancy 
when the anticipated benefits of treating moder-
ate or severe stroke outweigh the anticipated 
increased risks of uterine bleeding” and addition-
ally states, “The safety and efficacy of IV 
alteplase in the early postpartum period (<14 
days after delivery) have not been well estab-
lished” [111]. A growing body of literature, 
mostly case reports and series, suggests throm-
bolysis may be beneficial in selected clinical sce-

narios for stroke in pregnant and postpartum 
women; however, a risk-benefit analysis with 
multidisciplinary input and patient and family 
counseling is recommended [112]. Pregnancy is 
not a reason to delay or avoid mechanical 
 thrombectomy when clinically indicated given 
the high morbidity and mortality associated with 
proximal large vessel occlusions [108]. Steps can 
be taken to minimize fetal contrast and radiation 
exposure.

Mode and timing of delivery should also be an 
intradisciplinary decision considering stroke type 
and mechanism, maternal condition, gestational 
age, fetal condition and positioning, obstetric his-
tory, and patient and family preferences. Stroke is 
not a contraindication to vaginal birth in all sce-
narios, but steps may need to be taken to reduce 
Valsalva maneuvers and minimize intracranial 
pressure elevation, and Cesarean section may be 
preferable for women at high risk of recurrent 
intracranial hemorrhage [108].

Post-stroke care for women with preeclampsia 
should consider secondary stroke prevention 
(which will vary based on stroke type, mecha-
nism, and co-morbidities), chronic management 
of stroke risk factors (such as hypertension, dia-
betes), appropriate rehabilitation care, screening 
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and treatment of post-stroke/postpartum depres-
sion, and counseling regarding stroke risk in 
future pregnancies [108]. Ischemic and hemor-
rhagic stroke are discussed in detail in Chaps. 6 
and 7, respectively.

 Posterior Reversible Encephalopathy 
Syndrome
PRES is a neurological condition characterized 
by encephalopathy, headaches, seizures, cortical 
blindness, and/or other focal neurological signs 
[113]. The association between PRES and 
eclampsia was suggested in the first published 
description o11f PRES in 1996, which included 
15 patients, 3 of whom had eclampsia [113]. In 
the general population, hypertension, autoim-
mune disorders, and some immunosuppressant 
medications are common risk factors. In preg-
nancy, the disorder is closely associated with 
PEE [114]. Similar to eclampsia, the underlying 
pathophysiology of PRES includes disordered 
cerebral autoregulation, endothelial dysfunction, 
and cerebral ischemia from vasospasm [115, 
116]. Imaging in PRES classically demonstrates 
reversible vasogenic edema in bilateral occipital 
and parietal lobes (Fig.  12.2); however, other 
brain regions may also be susceptible, and the 
lesions and neurological deficits are not always 
reversible [117].

One retrospective single center study at the 
University of Mississippi Medical Center found 
imaging findings suggestive of PRES to be nearly 
universal in the setting of eclampsia; 46 of 47 
patients with eclampsia who had neuro-imaging 
showed evidence of PRES and the single patient 
without evidence of PRES was subsequently 
determined to have an underlying seizure disor-
der [118]. In another single center case series in 
Japan of women with preeclampsia/eclampsia 
with neurological symptoms, 12 of 13 (92%) 
patients with eclampsia and 5 of 26 (19%) 
patients with preeclampsia showed evidence of 
PRES on MRI [119]. In two other single center 
case series, around half of women with eclampsia 
who underwent an MRI showed evidence of 
PRES in both studies [67, 120]. Important limita-
tions of the retrospective reviews include bias in 
the selection of patients with eclampsia undergo-
ing neuroimaging and lack of blinding, particu-
larly of radiologists, to the clinical scenario. 
Nevertheless, the high prevalence of imaging 
characteristics of PRES among women with 
eclampsia has led some to coin eclampsia as 
obstetric PRES [121]. In the University of 
Mississippi case series, presenting PRES symp-
toms other than seizure included headache 
(87.2%), AMS (51.1%), visual disturbances 
(34%), nausea/vomiting (19.1%), and systolic 

Fig. 12.2 A 30-year-old woman developed severe, pro-
gressive headache after delivering full term twins. Her 
pregnancy had been uncomplicated. She presented to the 
emergency department on postpartum day 8 with general-
ized seizures. MRI revealed patchy vasogenic edema con-

sistent with the posterior reversible encephalopathy 
syndrome (PRES). She was treated for eclampsia with 
magnesium and antihypertensives. Follow-up MRI 
showed complete resolution of PRES related changes
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blood pressure > 160 mmHg (47%) [118]. While 
the clinical features in PRES are similar in the 
pregnant and non-pregnant population, higher 
rates of headache and lower rates of altered men-
tal status are described in obstetric PRES [122].

In the general population, treatment of PRES 
includes antihypertensives, antiepileptics, and 
cessation of precipitant medications as indicated. 
While ACOG guidelines recommend women 
with preeclampsia be treated with antihyperten-
sive therapy for sustained systolic blood pres-
sure  ≥  160  mmHg or diastolic blood 
pressure ≥ 110 mmHg, in preeclampsia compli-
cated by PRES, stricter blood pressure control 
may be indicated [10]. In a review of eclampsia- 
associated PRES cases, just under half had severe 
systolic hypertension (SBP > 160); normalization 
of blood pressure to maintain cerebral and utero-
placental perfusion and limit propagation of cere-
bral edema is the goal [118]. The choice of 
antihypertensive agent should consider both acu-
ity of onset, fetal effects (prior to delivery), and 
maternal co-morbidities; intravenous labetalol, 
calcium channel blockers, or hydralazine may be 
used safely in pregnancy to acutely lower blood 
pressure [123]. Oral labetalol and calcium chan-
nel blockers may be used to maintain the desired 
blood pressure goal [10]. Nitroprusside should be 
avoided due to risk of cyanide toxicity in the 
mother and fetus and risk of worsening cerebral 
edema. Magnesium levels should be maintained 
in the high normal range; one study found hypo-
magnesemia occurred more frequently in eclamp-
sia with PRES-related changes on MRI than in 
eclampsia where MRI did not demonstrate PRES 
[124, 125],

PRES associated with PEE may have better 
outcomes than in the general population [121]. 
The difference may be due to younger age and 
fewer co-morbidities among pregnant women 
with PRES compared to the general population 
with PRES [126].

 Reversible Cerebral Vasoconstriction 
Syndrome
RCVS is a neurological disorder characterized 
by multi-focal cerebral vasospasm, which may 
lead to ischemic stroke, hemorrhagic stroke, 

subarachnoid hemorrhage (often cortical), and 
seizure. Recurrent thunderclap headaches are a 
pathognomonic clinical feature, and focal neu-
rological deficits may occur when arterial 
vasospasm leads to hypo-perfused and/or isch-
emic territory [127]. Migraines, many drugs 
(particularly vasoactive substances), and pre-
eclampsia are significant risk factors. 
Postpartum cerebral angiopathy, sometimes 
known by the eponym Call–Fleming Syndrome, 
represents a subset of RCVS, occurring most 
often within 1 week of delivery [128, 129]. 
Postpartum angiopathy is more common in 
women with preeclampsia and other hyperten-
sive disorders of pregnancy [130].

Multi-focal segmental vasoconstriction on 
vessel imaging (CTA, MRA, conventional angio-
gram) is diagnostic but may be missed due to its 
transience. Transcranial dopplers are a preferred 
non-invasive neuroimaging tool to assess arterial 
velocity and can be used in the initial diagnosis 
and subsequent monitoring of RCVS [131]. 
Abnormalities on TCD velocities often persist 
following headache resolution but significantly 
improve or resolve over a few months [132].

Therapeutic management of RCVS is not 
well-established. Calcium channel blockers (both 
verapamil and nimodipine) are often used clini-
cally with data that they prevent recurrent thun-
derclap headaches and improve TCD velocities 
but without strong evidence that they improve 
overall outcomes [133]. Long-acting verapamil 
may be the preferable agent [133]. Steroids were 
previously used to treat RCVS, but data suggests 
glucocorticoid therapy may lead to worse out-
comes and should be avoided [134, 135]. In cases 
of severe cerebral vasospasm, local intra-arterial 
administration of calcium antagonists may be 
considered [136, 137]. RCVS and its postpartum 
variant, postpartum angiopathy, are discussed in 
detail in Chaps. 13 and 14.

 Encephalopathy and Coma

In addition to seizures, coma superimposed on 
preeclampsia is another neurological manifesta-
tion defining eclampsia and portends a poor 
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prognosis. Among women with eclampsia admit-
ted to the intensive care unit, a low Glasgow 
Coma Scale score predicts mortality [138]. The 
workup and initial management of altered mental 
status and coma during pregnancy are discussed 
in Chap. 16.

 Peripheral Neuropathy

Pregnant women are at risk for developing 
several neuropathies. For example, peripartum 
mononeuropathies involving the femoral, lat-
eral femoral cutaneous, peroneal, and sciatic 
nerve may occur from stretch and/or compres-
sion during labor and delivery [139, 140]. 
Carpal tunnel syndrome (CTS), a median neu-
ropathy occurring at the wrist, has increased 
incidence during pregnancy; however, a review 
at the Mayo Clinic found no correlation 
between pregnancy-related CTS and pre-
eclampsia [141]. In contrast, Bell palsy, an 
idiopathic facial nerve palsy, may be a warn-
ing sign for preeclampsia. Bell palsy occurs 
more often in women of reproductive age 
compared to men and more commonly in preg-
nancy (particularly the third trimester and 
puerperium); proposed mechanisms include 
hypertension, gestational edema, viral infec-
tions, and hypercoagulability. The condition is 
even more frequently encountered with pre-
eclampsia; two retrospective reviews (one 
from Canada and one in the USA) found pre-
eclampsia was at least several- fold more prev-
alent among pregnant and postpartum women 
who developed Bell palsy compared to the 
general preeclampsia prevalence [142, 143]. 
In addition to cranial nerve (CN) VII palsy, 
case reports describe the onset of CN II (non- 
arteritic anterior ischemic optic neuropathy), 
III (pupil-sparing oculomotor), VI (abducens), 
and XII (hypoglossal) palsies associated with 
preeclampsia [144–148]. While the etiology is 
unknown, microvascular ischemic injury akin 
to a diabetic third nerve palsy may be respon-
sible. Peripheral neuropathies affecting 
patients during pregnancy are described in 
Chap. 24.

 Sleep Dysfunction

Preeclampsia may also be associated with sleep- 
disordered breathing and sleep architecture 
changes [149–151]. This phenomenon is dis-
cussed in detail in Chap. 29.

 Offspring Neurological 
Complications Due to Maternal 
Preeclampsia/Eclampsia

The infant survival rate following maternal pre-
eclampsia has vastly improved over the last sev-
eral decades; however, offspring exposed to 
preeclampsia in utero remain at risk for systemic 
and neurological complications [152]. 
Preeclampsia is characterized by placental insuf-
ficiency and restricted oxygen supply. Abnormal 
umbilical artery velocimetry in women with pre-
eclampsia may predict adverse perinatal out-
comes [153]. In particular, early onset and severe 
preeclampsia are associated with unfavorable 
perinatal outcomes related to premature delivery 
and fetal growth restriction [154, 155].

Preeclampsia negatively affects the long-term 
vascular health of offspring. Hypertensive disor-
ders of pregnancy impact vascular and renal 
development in offspring and make them more 
susceptible to hypertension, beginning in child-
hood and early adulthood [156–158]. One Finnish 
study utilizing data from the Helsinki Birth 
Cohort Study found an increased risk of stroke in 
the adult offspring of pregnancies complicated by 
preeclampsia (HR 1.9, 95%CI 1.2–3.0) [159]. 
Maternal preeclampsia and offspring vascular 
health are linked by genetic risk factors and often 
shared familial (non-genetic) exposures, but in 
utero exposure to preeclampsia may have direct 
effects on vascular, cardiac, renal, and immuno-
logic development [160]. Supporting this hypoth-
esis, data show siblings born from uncomplicated 
pregnancies do not share the same vascular 
abnormalities as their siblings born from preg-
nancies complicated by preeclampsia [161].

Offspring of preeclamptic pregnancies may 
have lower cognitive function and poorer men-
tal health. A 2016 systematic review of the 
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effects of hypertensive disorders of pregnan-
cies on offspring health identified eight stud-
ies evaluating cognitive function, and all found 
evidence that hypertensive disorders of preg-
nancy, especially preeclampsia, negatively 
affect offspring intellectual abilities [162]. 
One study, using data from the Helsinki Birth 
Cohort Study, also found an elevated risk for 
severe mental disorders among adult offspring 
exposed to maternal preeclampsia [163]. A 
Norwegian prospective cohort study found 
increased risk of attention deficit hyperactiv-
ity disorder (adjusted OR 1.18, 95%CI 1.05–
1.33) and autism spectrum disorder (adjusted 
OR 1.29, 95%CI 1.08–1.54) among children 
exposed to preeclampsia in utero [164].

Maternal preeclampsia may also affect an 
offspring’s risk of developing epilepsy. One 
Danish study found an increased risk of epi-
lepsy in childhood and young adulthood for 
offspring born at full-term to mothers with 
preeclampsia but no effect of maternal pre-
eclampsia among pre-term infants. The effect 
size for full-term offspring was greater with 
preeclampsia with severe features [165]. 
Another retrospective cohort study using 
Medicaid data in South Carolina also found 
that maternal preeclampsia increased risk of 
childhood epilepsy among offspring 
(OR = 1.46, 95%CI 1.17–1.82) after control-
ling for potential confounders. In subgroup 
analysis, the effect again was only observed 
for full-term infants and not preterm infants 
compared to controls [166]. The effect modifi-
cation seen with preterm status in both studies 
suggests that other preterm etiologies may be 
equal or greater risk factors for childhood epi-
lepsy than preeclampsia. A Norwegian pro-
spective cohort study also found increased risk 
of epilepsy in children born at term who were 
exposed to maternal preeclampsia (adjusted 
OR 1.50, 95%CI 1.05–1.33) [164]. Studies on 
the effect of maternal preeclampsia on other 
neurological conditions, including cerebral 
palsy and child behavior, have shown mixed 
results [162].

 Long-Term Maternal Neurological 
Sequelae of Preeclampsia/
Eclampsia

In the years and decades following a pregnancy 
complicated by preeclampsia, women are at an 
increased risk of many systemic chronic diseases, 
including neurological ones. Women with a his-
tory of preeclampsia have now been recognized 
to have a higher risk of vascular disease later in 
life. One meta-analysis of three case-control and 
four cohort studies calculated an OR of 1.76 
(95%CI 1.43–2.21) for women with the history 
of preeclampsia developing ischemic stroke prior 
to old age [167]. The association was even greater 
with early-onset, severe, and recurrent pre-
eclampsia. Preeclampsia may simply unmask 
preexisting subclinical risk factors and a predis-
position towards vascular disease; however, it is 
unknown if preeclampsia may also have a causal 
role in developing vascular disease later in life.

An analysis of data from the California 
Teachers Study demonstrated that women with a 
history of hypertensive disorders of pregnancy 
who used aspirin did not have a higher risk of 
stroke before the age of 60 years old compared to 
controls (adjusted HR 0.8, 95%CI 0.4–1.7), 
whereas aspirin non-users had a higher risk 
(adjusted HR1.5, 95%CI 1.0–2.1) [168]. The 
same effect was not seen with statins. However, 
no prospective trials have evaluated aspirin use 
for primary stroke prevention after preeclampsia. 
History of preeclampsia remains an underappre-
ciated sex-specific risk factor for vascular dis-
ease, and women with a history of preeclampsia 
should minimize other modifiable vascular risk 
factors (smoking cessation, physical activity, 
blood pressure management, etc.) to decrease 
stroke risk.

Cognitive dysfunction may persist following 
preeclampsia. One small study performing neu-
ropsychiatric testing several months postpartum 
found significantly lower auditory-verbal mem-
ory performance in women with severe pre-
eclampsia versus controls with an uncomplicated 
pregnancy [169]. A Dutch study of neurocogni-
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Fig. 12.3 A 49-year-old woman presented to her neurol-
ogist for evaluation of cognitive complaints. She reported 
a history of early onset preeclampsia in her first pregnancy 
at age 30. She subsequently developed chronic hyperten-

sion which was well controlled on medication. MRI 
showed patchy subcortical white matter hyperintensities 
suggestive of cerebral small vessel disease

tive functioning conducted several years postpar-
tum found women with a history of preeclampsia 
or eclampsia scored worse on a subjective ques-
tionnaire of cognitive assessment and slightly 
worse on visuomotor functions but did not differ 
on other objective measures of cognitive impair-
ment; however, they scored worse on anxiety and 
depression scales, which the authors hypothe-
sized may account for differences in subjective 
cognitive assessment [170]. A study of cognitive 
function several decades following pregnancy 
conducted at the Mayo Clinic found that post- 
menopausal women with a history of preeclamp-
sia were at greater risk than controls of cognitive 
impairment, particularly in executive dysfunction 
and verbal list impairment, which is consistent 
with expected cognitive effects of vascular dis-
ease (Fig. 12.3) [171].

 The Neuro-Obstetrics Team 
and Preeclampsia–Eclampsia

Preeclampsia and eclampsia are life-threatening 
complications of pregnancy which can have pro-
foundly damaging effects on the maternal and 
fetal nervous system. Neurological features are 
prominent and, in some cases, disease-defining. 

Neurologists, obstetricians, family practitioners, 
obstetric anesthesiologists, and other clinicians 
who care for pregnant and postpartum women 
should be aware of the neurological features and 
complications of PEE, and have a low threshold 
to obtain additional diagnostic testing and involve 
the neurologist in clinical assessment and 
decision- making. Shared decision-making strate-
gies should be employed, including the patient 
and her family, when caring for women with neu-
rological complications of PEE. In addition, neu-
rologists should obtain relevant obstetrical 
history and consider the long-term maternal 
 consequences of PEE when assessing cerebro-
vascular and cognitive risk in women.
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13Reversible Vasoconstrictive 
Syndrome in Pregnancy

Walter Wallace Valesky, Susan W. Law, 
and Daniel Rosenbaum

 Introduction

Historically, reversible cerebral vasoconstriction 
syndrome (RCVS) has had multiple terminolo-
gies and has generally been considered to be a 
benign condition. In recent years, focus on this 
condition has brought increased attention to an 
association with intracranial hemorrhages. This 
has led to a need to address, evaluate, and diag-
nose this condition earlier in its course. RCVS 
comprises a collection of symptoms including 
headaches and the requirement of radiographic 
features that show segmental, multi-focal vaso-
constriction of the cerebral arteries. Additionally, 
these cerebrovascular imaging findings have to 
resolve within 12 weeks of presentation to satisfy 
the diagnostic criteria [1].

Known clinical presentations include thunder-
clap headaches, nausea, focal neurological 
changes, seizures, and migrainous features asso-
ciated with headache. Therefore, the use of a 

diagnostic cerebral angiogram such as computed 
tomography angiography (CTA), magnetic reso-
nance angiography (MRA), or catheter angiogra-
phy is necessary to confirm the diagnosis of 
RCVS. There is a multitude of potential etiolo-
gies/triggers as well as multiple prior names for 
this syndrome including migrainous vasospasm, 
migrainous angiitis [2, 3], benign angiopathy of 
the central nervous system [4, 5], CNS pseudo-
vasculitis [6], Call–Fleming syndrome [7], post-
partum angiopathy [8], and drug-induced cerebral 
arteritis [9, 10]. The focus of this chapter will be 
on RCVS in pregnancy. Postpartum angiopathy, 
generally considered a subtype of RCVS, will be 
discussed in detail in Chap. 29.

 Epidemiology

The incidence of RCVS remains unclear. Part of 
this lack of clarity stems from the difficulty of 
obtaining a prompt and accurate diagnosis. 
RCVS tends to affect patients who are between 
the ages of 20–50 years with an 80–90% predi-
lection for females [11–17]. One study suggests 
that RCVS in men tend to affect those who are 
younger than their female counterparts by at least 
a decade in age [11]. It is unclear if race plays a 
role in RCVS, with varying reports in the few 
studies for which race is reported. However, it 
does appear that black patients are underreported 
in these studies [13, 17–19].
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The incidence of RCVS during and following 
pregnancy is not known, this is in part due to the 
poor clarity in its nomenclature. Whereas preg-
nancy related RCVS has only been described in a 
handful of case reports [19–24], postpartum angi-
opathy or postpartum RCVS appears to be a 
much more commonly reported entity [19, 25–
27] accounting for 9% of all patients with RCVS 
[11, 17]. It is seen in association with eclampsia 
and posterior reversible encephalopathy syn-
drome (PRES).

 Pathophysiology

It is currently believed that RCVS arises from 
transient dysregulation of cerebral vascular tone. 
Whether this dysregulation is the end result of 
separate unrelated events culminating in a com-
mon, predictable presentation, or the result of 
one or more unknown isolated factors is yet to be 
determined. But at this time both a genetic pre-
disposition and precipitant factors (triggers) have 
been hypothesized to play a role in the patho-
physiology of RCVS (Fig. 13.1).

A genetic predisposition toward vascular 
tone dysregulation is supported by Chen et al. in 
their studies on brain-derived neurotropic factor 
(BDNF) in RCVS.  This group demonstrated 
increased “vasoconstriction scores” in patients 
with RCVS who had the nucleotide polymor-
phism valine/methionine (val/met) genotype as 
opposed to those possessing the val/val or met/
met genotype in codon 66 of the BDNF gene. 
Although the RCVS patients did not differ at 
baseline in their genotypes from controls with-
out RCVS, the increased severity of RCVS in 

those patients point toward a genetic predisposi-
tion [28].

Multiple precipitants have been postulated to 
pose a role in the development of 
RCVS.  Sympathomimetic overactivity is sup-
ported by several authors demonstrating an asso-
ciation with vasoconstrictive substances, 
serotonergic substances, pheochromocytoma, 
and other exposures leading to a sympathomi-
metic surge in patients diagnosed with RCVS 
[10, 11, 15–17].

Endothelial dysfunction has also been sug-
gested as an etiology of RCVS. This is consid-
ered due to the vascular endothelial role in 
autoregulation. To maintain this role the endothe-
lium must regulate vasoconstriction (thrombox-
ane- A2 and endothelin) and vasodilation 
(endothelium-derived relaxing factor and nitric 
oxide) via various cell messengers. It is believed 
that injury to the endothelial lining creates an 
imbalance in these factors leading to dysregula-
tion. This theory gains further support due to the 
overlapping features and association of RCVS 
with PRES, eclampsia, and migraine [29].

Oxidative stress and hormonal factors have 
also been proposed as etiologies of RCVS. 8-iso- 
prostaglandin F2-alpha, which is a marker of oxi-
dative stress and a vasoconstrictor, was shown to 
corelate with disease severity in patients with 
RCVS [30]. The association of RCVS in the post-
partum period suggests a relationship with pre-
eclampsia/eclampsia and therefore hormonal 
involvement. Hypertension is a component of 
both diseases, and levels of placental growth fac-
tors, sFlt-1 and TGF-beta1, known to be elevated 
in eclampsia, have been demonstrated in patients 
with RCVS in the postpartum period [31, 32].
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Fig. 13.1 Proposed pathophysiology of RCVS. cSAH 
cortical subarachnoid hemorrhage, ICH intracerebral 
hemorrhage, PRES posterior reversible encephalopathy 
syndrome, TCH thunderclap headache. (From Chen S-P, 

Fuh J-L, Wang S-J. Reversible cerebral vasoconstriction 
syndrome: current and future perspectives. Expert Rev 
Neurother. 2011;11(9):1265–1276)

 Risk Factors and Precipitants

 Vasoactive and Serotonergic 
Substances

Altered cerebrovascular tone is considered to 
be one of the most predominantly reported eti-
ologies [11, 17, 31, 33–36]. This dysregulation 
may be idiopathic or be due to a known vasoac-
tive or serotonergic substance. In one French 
study of 67 patients with RCVS, it was deter-
mined that 60% of the patients had used various 
vasoactive substances prior to the onset of 
symptoms [11]. In the aforementioned French 
study, cannabis, selective-serotonin reuptake 
inhibitors (SSRIs), nasal decongestants, and 
cocaine accounted for the predominance of 
vasoactive substance exposure in patients with 

RCVS.  However, this distribution is not uni-
form with cannabis and cocaine affecting men 
to a greater degree, and women showing more 
exposure to SSRIs and decongestants in those 
with RCVS.  Other common serotonergic sub-
stances have been reported as triggering agents 
for RCVS, these include methylergometrine 
[37], sumatriptans [38, 39], dihydroergota-
mines [40], and serotonin–norepinephrine 
reuptake inhibitors [41]. There are reports of 
RCVS being associated with serotonin syn-
drome but causality has not been established at 
this time [42]. Cigarette smoking (with nicotine 
as a vasoactive substance) also appears to be a 
well- investigated risk factor for RCVS but its 
exact role is unclear. Multiple studies catego-
rize as many as 20–60% of patients as current 
smokers [11, 12, 16].
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Endogenous vasoactive substances may also 
precipitate RCVS.  Consistent with this, pheo-
chromocytoma is commonly cited as a cause for 
RCVS [43, 44]. Therefore, it is prudent to con-
sider this diagnosis when RCVS is suspected.

 Migraine Headache

A history of migraine headache has been reported 
in the literature in as many as 20–40% of patients 
[11, 12, 14, 15, 17]. Whether this is due to shared 
pathophysiology or secondary to treatments for 
migraine (i.e., ergotamine/triptan medications) is 
not known. Prior authors have described sudden 
onset headaches with reversible vasoconstriction 
in patients with a history of migraines as 
“migraine angiitis” or “arterial stenosis in 
migraine” [2, 3]. It is likely that these case series 
described what would be now known as RCVS.

Endothelial dysfunction may be a common 
link between migraine and RCVS.  Circulating 
endothelial progenitor cells, which function in 
maintenance and regeneration of the endothelial 
wall, are decreased in those with migraines and 
with RCVS [45–47]. Furthermore, eclampsia and 
migraines may show shared pathophysiology in 
the form of circulating by-products of endothelial 
breakdown [48–50]. Approximately 10% or more 
of patients with RCVS are in the post-partum 
state [11, 12, 17].

 Cervical Artery Dissection

Mawet et al. reported on a series of patients with 
concomitant RCVS and cervical artery dissection 
[51]. Vertebral artery dissections accounted for 
83% of those affected which contrasts with the 
normal carotid artery predominance of spontane-
ous cervical artery dissections. The authors point 
out that it is unclear which disorder preceded the 
other; that is, whether RCVS created upstream 
pressure inducing cervical artery dissection or 
the dissection released vasoactive substances 
triggering vasoconstriction. Regardless, cervical 
artery dissection should be included in the dif-
ferential when evaluating these patients.

 Miscellaneous

Other risk factors/triggers for RCVS have been 
described in the literature. Thunderclap headache 
attributed to bathing was described by Wang 
et al. in a series of 21 patients. Of these, 62% had 
multiple, segmental arterial vasoconstriction 
noted on magnetic resonance angiography 
(MRA) and were diagnosed with RCVS [52, 53]. 
Other causes such as trauma [54, 55], intracranial 
tumor resection [56], and carotid endarterectomy 
[57, 58] have led to what may be RCVS.  In 
another series it was noted that seemingly mild 
triggers such as day-to-day activities and emo-
tions were believed to initiate the onset of this 
disorder. Defecation, anger, cough, sexual activi-
ties, singing, loud speaking, sniffing, and yoga 
were all thought to trigger thunderclap headache 
with MRA confirmed vasoconstriction consistent 
with RCVS [59] and in one series, sexual inter-
course was the precipitant in 24% of cases [60].

 Pregnancy-Related Risk Factors

In the postpartum period RCVS typically pres-
ents within the first 2 weeks after delivery [11, 
18, 19, 31]. It is this correlation with the postpar-
tum state for which it is postulated that both pro-
angiogenic and antiangiogenic factors may have 
some contribution to the development of 
RCVS.  Some investigators have evaluated the 
effect of eclampsia on cerebral arterial blood 
flow and demonstrated that both small vessel 
vasoconstriction [61] and medium to large cali-
ber vessel vasospasm [62] may be a consequence 
of eclampsia. Multiple authors have proposed a 
similar pathophysiology between postpartum 
angiopathy and eclampsia due to their overlap-
ping clinical, laboratory, and radiological fea-
tures [63–65].

Although the pathophysiology of RCVS 
remains unknown, the high prevalence of post-
partum patients supports a theory of hormonal 
involvement. In one cohort of pregnant and post-
partum women diagnosed with ischemic stroke, 
transient ischemic attack, cerebral venous throm-
bosis, or non-aneurysmal subarachnoid hemor-

W. W. Valesky et al.
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rhage (SAH), 73% occurred in the postpartum 
period. Of these postpartum events, RCVS 
accounted for over one-third [19]. The same 
investigators also evaluated hemorrhagic stroke 
in females of childbearing age. In postpartum 
patients with hemorrhagic stroke, 83% were due 
to RCVS [18]. However, in comparison to the 
total number of postpartum patients, the preva-
lence of RCVS is extremely low and may be 
underdiagnosed. To illustrate, one Italian hospital 
reported only one case of “mild” RCVS after 900 
uncomplicated deliveries for a rate of 0.11% 
[66]. Therefore, in approaching the evaluation of 
the postpartum patient with either ischemic 
stroke or intracranial hemorrhage, an evaluation 
for RCVS must be considered by the treating cli-
nician to prevent it from being missed.

Sympathomimetic and serotonergic medica-
tions are also commonly administered in the 
postpartum period. Many case reports and case 
series of postpartum patients fail to document the 
absence or presence of vasoactive medications in 
patients with RCVS, even though these are 
known precipitants [20, 46, 63, 65–67]. In these 
reports, it is the postpartum state that is believed 
to be the cause of RCVS. In other case reports, 
where a vasoactive substance is clearly noted 
(e.g., bromocriptine, methylergometrine, methy-
lergonovine), it is reported that the vasoactive 
substance was the trigger [9, 68]. This observa-
tion only highlights our current limited under-
standing of the mechanisms involved and the 
need for more research.

 Clinical Features

Thunderclap headache is the hallmark symptom 
of RCVS. The headache is described as reaching 
maximal severity within 1 min, mimicking that of 
a ruptured intracranial aneurysm, and with a 
duration of 3–5 h. It is usually bilateral with pos-
terior onset, occurring with associated symptoms 
such as nausea (47–57%), vomiting (29–40%), 
photophobia (24–34%), vertigo (11%), and pho-

nophobia. As stated previously, various triggers 
may elicit the thunderclap headache associated 
with RCVS, but this is not always the case as one 
in five will have the onset of headache at rest with 
no obvious precipitant [11]. In contrast with the 
headache of SAH, 78–100% of patients with 
RCVS will have recurrent thunderclap head-
aches, usually lasting over a period of 1–3 weeks 
[11, 17, 59, 60, 68].

Although the absence of headache has been 
noted in the literature [20], it would be a rare pre-
sentation of RCVS.  In patients with history of 
migraine or other chronic headache, the thunder-
clap headaches associated with RCVS were 
noted to be different in character from the indi-
vidual’s prior headaches [11]. Additionally, all 
patients presenting with associated neck pain 
should warrant an evaluation for cervical artery 
dissection as there appears to be an association 
between these two diagnoses [51].

Focal neurologic deficits are also seen as a pre-
senting sign of RCVS in up to 48% of patients 
reported [11, 14, 17, 60]. In one series of 67 patients 
presenting from a headache clinic, nearly a quarter 
had focal neurologic deficits at presentation. Of 
these new deficits, over half were transient, abating 
within 4 h. Visual symptoms seem to be most fre-
quently seen, followed by unilateral sensory symp-
toms, aphasia, and hemiparesis; the majority of 
these deficits mimicked a transient ischemic attack 
with others mimicking a migraine [11]. Deficits 
that persist, such as hemiplegia, aphasia, hemiano-
pia, and cortical blindness suggest a stroke and 
should be evaluated appropriately [34]. Seizures at 
onset occur in 1–17% [11, 14, 17].

While only 7–24% of patients have a history 
of chronic hypertension prior to the presentation 
of RCVS [11, 14], as many as 55% of patients 
have hypertension when presenting for evalua-
tion of headache [16]. Chen et al. noted a mean 
presenting systolic blood pressure of 
156 ± 30 mmHg [14]. Whether this elevation is 
due to a blood pressure surge as part of the head-
ache itself, because of the pain, or an associated 
disorder has yet to be determined [34] (Fig. 13.2).
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Fig. 13.2 Comparison of three large cohorts of RCVS. (From Ducros A. Reversible cerebral vasoconstriction syn-
drome. Lancet Neurol. 2012;11(10):906–917)
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 Laboratory Investigations

Generally, serum laboratory tests are noncontribu-
tory in RCVS.  If inflammatory markers such as 
C-reactive protein and erythrocyte sedimentation 
rate are tested, these markers may show mild eleva-
tion [7, 69] but whether this indicates an inflamma-
tory state from RCVS or is related to any causative 
state or agent preceding the symptoms of RCVS is 
unknown. In cases of confirmed RCVS that have 
undergone leptomeningeal or cerebral arterial wall 
biopsy, none have demonstrated inflammation on 
pathology sectioning [2, 4, 5, 7, 17, 32].

Common tests for cerebral angiitis such as 
rheumatoid factor, antinuclear antibodies, anti-
neutrophil cytoplasmic antibodies, and tests for 
lyme disease are usually negative in patients with 
RCVS.  If pheochromocytoma is the suspected 
precipitant, evaluation in the form of plasma or 
urine adrenaline, noradrenaline, metanephrine, or 
normetanephrine should be considered [43, 44]. 
Urine toxicology screens should be obtained as 
substances such as marijuana, amphetamines, 
and cocaine may trigger RCVS [34].

Cerebrospinal fluid (CSF) is commonly 
obtained in the evaluation of a patient presenting 
with a thunderclap headache. Prior to definitive 
diagnosis of RCVS, it is recommended that lum-
bar puncture (LP) be performed to exclude sub-
arachnoid hemorrhage [70]. In patients with 
RCVS the CSF has been reported to be mildly 
abnormal in more than half of those undergoing 
LP. One series showed up to 97% of patients will 
have a CSF white blood cell count (WBC) of less 
than 10 WBC/μL [17, 71] with another showing a 
mean of 12  WBC/μL [11]. CSF protein may be 
normal to slightly elevated [11, 17], and CSF red 
blood cell count (RBC) showed a mean of 
1560 RBC/μl in one series [11]. Ducros et al. rec-
ommends repeating the lumbar puncture after a 
few weeks to exclude chronic meningitis if the 
lymphocyte reaction is greater than 10 WBC/μL 
[34, 71]. It has also been proposed that the clini-
cian may forgo the LP depending on the presenta-
tion. Chen et  al. state that in the scenario of a 
patient presenting after multiple thunderclap head-
aches, with no neck stiffness, and with a magnetic 
resonance angiography (MRA) consistent with 
RCVS, the clinician may consider deferring the 

LP due to poor diagnostic yield [15]. However, 
this approach should be considered only when the 
pretest probability of CSF infection or aneurysmal 
subarachnoid hemorrhage is so low that the LP 
confers a greater chance of demonstrating a false 
negative result than a true positive.

 Radiographic Studies 
and Diagnoses

While the classic findings of RCVS show segmen-
tal narrowing and dilatation commonly referred to 
as a “string of beads” or “beading” pattern on angi-
ography [33], conventional angiography or MRA 
may initially appear normal despite diffuse vaso-
constriction on subsequent imaging. Of initial com-
puted tomography (CT) scans, nearly 90% showed 
no abnormalities [11]. When evaluating both mag-
netic resonance imaging (MRI) and CT of the brain 
collectively, the initial scans still showed no abnor-
malities in up to 55% of patients [17]. When cere-
brovascular disease is seen on MRI, it is usually in 
the form of subarachnoid hemorrhage, intracerebral 
or intraparenchymal hemorrhage (ICH), cerebral 
infarction or reversible brain edema.

 Subarachnoid Hemorrhage

RCVS-related SAH is the most commonly 
reported RCVS-related hemorrhage and must be 
distinguished from aneurysmal SAH.  SAH has 
been observed in 22–34% of patients later diag-
nosed with RCVS [11, 17]. RCVS-related SAH 
has a particular proclivity for the puerperium. In 
another series of women age 18–45 with hemor-
rhagic stroke (n = 130), over 50% of those who 
were pregnant or postpartum (10 out of 19) were 
diagnosed with RCVS [18].

Radiographically, RCVS-related SAH is often 
small and localized to the convexity, being either 
unilateral or bilateral and confined to superficial 
cerebral sulci. It may be seen as a hyperintense 
signal on fluid-attenuated inversion recovery 
(FLAIR) MRI and as hypointense signal on 
T2-weighted MRI [31, 34]. Typically, RCVS- 
related SAH is seen early in the course of disease, 
within the first week [12] (Fig. 13.3).
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Fig. 13.3 Convexity subarachnoid hemorrhage. (From 
Chandra RV, Leslie-Mazwi TM, Oh D, Mehta B, Yoo 
AJ. Extracranial internal carotid artery stenosis as a cause 
of cortical subarachnoid hemorrhage. AJNR Am J 
Neuroradiol. 2011;32(3):E51–52)

Muehlschlegel et al. evaluated 38 patients with 
SAH related to RCVS in a retrospective analysis. 
They were predominantly women and substan-
tially younger by over a decade than those with 
SAH not related to RCVS.  Additionally, those 
with RCVS were noted to have medical histories 
consistent with chronic headache, depression or 
anxiety, and illicit drug or alcohol use. These 
patients also presented with less severe Hunt and 
Hess grades at presentation than did those with 
SAH not related to RCVS.  Finally, as in prior 
series, all patients had subarachnoid blood located 
in the hemispheric convexities as opposed to blood 
in the sylvian fissure or basal cisterns as is com-
monly seen with aneurysmal SAH [72].

 Intracerebral Hemorrhage

The subtleties of diagnosing SAH are usually not 
a factor with ICH as these disorders are usually 
visualized on non-contrast head CT and MRI 
with ease. Like RCVS-related SAH they develop 

early in the course of RCVS, typically diagnosed 
within the first week. They are typically lobar 
rather than deep (involving the basal ganglia) and 
are more likely to be isolated rather than involv-
ing multiple areas. They are seen in 12–28% of 
all patients presenting with RCVS [12, 16, 18].

 Ischemic Stroke

Cerebral infarction is seen later in the disease 
process than RCVS-related SAH or ICH. Stroke 
usually presents in the second week, is bilateral 
and symmetric, with a pattern of watershed 
infarction. These watershed infarcts are most 
commonly noted between the middle cerebral 
artery and the posterior cerebral artery circula-
tion and seem to spare the circulation of the ante-
rior cerebral artery [14]. One large retrospective 
series demonstrated infarction in 39% of patients 
presenting with RCVS [17].

Cerebral infarction may be considered the 
most feared complications of RCVS as it leads to 
an increased probability of poor outcome after 
resolution of this syndrome with a significant 
odds ratio of 11 (95% CI 2.53–47.91) [16]. This 
is in contrast to most patients, who generally 
recover well after RCVS with modified Rankin 
score (mRs) of 0–1 reported in 78% at 2–4 months 
after discharge [17]. In a prior series, the duration 
of focal neurological deficits lasting greater than 
24 h identified those patients with either ischemic 
stroke or intracerebral hemorrhage [11].

In pregnant patients with ischemic stroke, 
nearly three-quarters of patients presented in the 
postpartum period. And the most common mech-
anism of stroke in these women was RCVS, pre-
senting in more than one-third of cases. 
Additionally, both preeclampsia and migraines 
were found to be associated with pregnancy asso-
ciated stroke [19].

 Cerebral Edema

Reversible cerebral edema similar to that seen in 
PRES can be seen in 9–38% of patients. On MRI 
this will be seen as a hyperintense signal on T2 
FLAIR imaging most commonly in the occipital 
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lobes and posterior parietal lobes but may also 
include the frontal and temporal lobes. As 85% or 
more of patients with PRES have been noted to 
have a multifocal reversible vasoconstriction and 
up to 35% of RCVS patients have reversible cere-
bral edema, a common pathogenesis has been 
alluded to such as altered cerebral vascular tone 
and endothelial dysfunction [34, 73, 74].

 Angiography

Conventional catheter-based angiography is the 
gold standard for diagnosis of RCVS [33], but this 
method of evaluation is invasive and not conducive 
to repeated follow-up examinations. In one series 
it was noted that 9% of patients had a transient 
new neurological deficit or thunderclap headache 
within 1 h of completion of four-vessel angiogra-
phy [11]. However, in this same series MRA 
missed multifocal arterial constriction in over 10% 
of cases that were seen on conventional angiogra-
phy. Other authors report benefits of utilizing con-
ventional angiography in cases of suspected RCVS 
presenting with atypical presentation (e.g., insidi-
ous headache) or a likely alternative diagnosis 
[73]. Additionally, these authors recommend the 
approach that one may preemptively attempt to 
make the diagnosis of RCVS utilizing the revers-
ibility of vasoconstriction after intra-arterial vaso-
dilator administration [75–79].

In contrast to this approach, Chen et al. have 
reported the utility of MRA in assessment of 
RCVS as a non-inferior tool in comparison to 
conventional angiography [14, 15]. If the deci-
sion is made to rely entirely on noninvasive test-
ing in diagnosing RCVS, the clinician should 
have high suspicion for RCVS and low suspicion 
for alternative diagnoses with imaging showing 
no signs of cortical SAH or ischemic stroke [71]. 
However, it is likely that the decision to utilize 
conventional angiography in the diagnosis of 
RCVS will be determined on an individual basis.

On both MRA and conventional angiography 
the characteristic finding is that of segmental nar-
rowing and dilation (a “string of beads” or “sausage 
on a string” pattern) of one or more of the cerebral 
arteries [7, 11, 17, 26, 33, 80] (Figs. 13.4, 13.5, and 

Fig. 13.4 Sagittal head CTA showing ‘sausage on a 
string’ pattern of RCVS. (From Singhal AB, Hajj-Ali RA, 
Topcuoglu MA, et al. Reversible cerebral vasoconstriction 
syndromes: analysis of 139 cases. Arch Neurol. 
2011;68(8):1005–1012)

Fig. 13.5 Conventional angiography showing ‘beading’. 
(From Hajj-Ali RA, Calabrese L. Primary angiitis of the 
Central Nervous System. Cleveland Clinic Center for 
Continuing Education. Epub July 2015. http://www.cleve-
landclinicmeded.com/medicalpubs/diseasemanagement/
rheumatology/angiitis- of- central- nervous- system/)
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a b

c d

Fig. 13.6 MRA showing reversibility of vasoconstric-
tion. (a) First episode of RCVS with resolution of vaso-
constriction (b). (c) Recurrence of vasoconstriction on 
same patient followed by resolution of vasoconstriction of 

second occurrence (d). (From Chen S-P, Fuh J-L, Lirng 
J-F, Wang Y-F, Wang S-J. Recurrence of reversible cere-
bral vasoconstriction syndrome: a long-term follow-up 
study. Neurology. 2015;84(15):1552–1558)

13.6). It is important to note that this pattern of cere-
bral vasoconstriction may not be noted for a week 
after onset of symptoms, with day 16 showing the 
highest number of arterial segments involved 
according to a Taiwanese sample of 77 patients 
[14]. Therefore, frequently a pattern of obtaining a 
repeat MRA after several days to 1 week becomes 
necessary if cerebral vasoconstriction is not noted 
and RCVS is suspected [31, 34, 36, 71, 81].

RCVS is a disease affecting the large- and 
medium-caliber cerebral arteries of the anterior 
and posterior circulation [33, 34]. It commonly 
involves the intracerebral arteries but has been 
rarely shown to involve the external carotid ves-
sels [82]. It has been suggested that the poor 
association between clinical findings and radio-
graphic evidence of vasoconstriction may be due 
to the involvement of small distal vessels, later 
demonstrating “beading” in the larger vessels 

[11, 34]. As these vessels are of insufficient cali-
ber to be visualized on conventional angiography 
or MRA, it has been postulated that segmental 
vasodilation of these small, radiographically 
invisible vessels may be the pathophysiology of 
thunderclap headaches in an “initial stage” of 
RCVS.

Small vessel rupture causing hemorrhage 
may account for the RCVS-related SAH and 
ICH in these patients accounting for their 
appearance in only the first few days. Following 
this, a “second stage” comprising vasoconstric-
tion of major cerebral arteries may be visualized 
utilizing current non-invasive radiographic 
imaging or conventional angiography. It would 
be this period of diffuse vasoconstriction 
accounting for not only the radiographic fea-
tures, but also ischemic infarcts in the second 
week [12].
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 Transcranial Doppler

Recent strategies have implemented the usage of 
transcranial doppler (TCD) in the evaluation of 
vasospasm in patients with RCVS [83–85]. Chen 
et  al. showed a significant difference in flow 
velocities of the middle cerebral artery (MCA) in 
patients with RCVS compared to age-matched 
controls. Additionally, the authors demonstrated 
that MCA velocities of >120 cm/s combined with 
a Lindegaard index >3 (ratio of the velocity of the 
MCA and the ipsilateral extracranial internal 
carotid artery), identified RCVS patients at risk 
of ischemic stroke and PRES [14, 83]. Other 
authors have attempted to utilize TCD to evaluate 
efficacy of treatments directed at alleviating 
vasospasm in the symptomatic patient. 
Furthermore, these same authors used TCD to 
evaluate treatment failures among multiple phar-
macologic therapeutics directed towards symp-
toms and vasospasm [85].

 Treatment

To our knowledge, there have been no random-
ized control trials evaluating treatment strategies 
for RCVS. The management is currently guided 
by observational studies and expert opinion. 
Importantly, inclusion of RCVS in the differen-
tial diagnosis in the patient presenting with 
symptoms of thunderclap headache is the first 
step in treatment as it is still not widely known 
among non-neurologists. As such, thunderclap 
headaches with no alternative etiology and meet-
ing the clinical characteristics of RCVS but fail-
ing to show the radiographic features should be 
considered for treatment in the same manner of 
those showing cerebral vasoconstriction.

As most cases of RCVS are secondary to a 
precipitant etiology [4, 11, 17, 34, 86], it is 
important that a thorough history as to the etiol-
ogy of RCVS is undertaken to prevent worsening 
severity and prolongation of symptoms. This 
includes removal of all vasoactive medications 
(i.e., decongestants, bromocriptine/ methylergo-
metrine during pregnancy), serotonergic medica-

tions (i.e., antimigraine agents such as 
sumatriptan, SNRI antidepressants), or recre-
ational drugs such as marijuana or cocaine. 
Additionally, an evaluation for intrinsic disease 
such as pheochromocytoma or cervical artery 
dissection should be considered depending on 
relevant symptoms and treatment initiated if 
deemed to be the causative agent. In consider-
ation that many cases of RCVS may be exacer-
bated by valsalva or sexual activity [60], rest, and 
avoidance of sexual intercourse may be consid-
ered for a period of time deemed relevant by the 
clinician. Accordingly, one author also utilizes 
benzodiazepines to alleviate anxiety and blunt 
any sympathetic response that could worsen 
RCVS [34].

Additionally, patients who suffer from isch-
emic stroke, ICH, or RCVS-related SAH should 
be managed according to specific guidelines 
where applicable [70, 87, 88]. Specifically, this 
should apply to blood pressure management in 
patients with sequela of RCVS where guidelines 
recommend reduction of systolic blood pressure 
in patients with SAH to below 160 mmHg and 
have not found harm with lowering blood pres-
sure to 140 mmHg with ICH. Hypotension and 
hypovolemia should be treated in the same man-
ner as acute ischemic stroke to maintain perfu-
sion and avoid organ dysfunction. This view is 
reflected in that of expert opinion by multiple 
authors as areas of vasoconstriction may reduce 
perfusion leading to acute ischemic stroke and its 
avoidance may prevent sequela of worsened isch-
emia and edema [14, 33–35, 89]. Antiepileptic 
drugs should be initiated for seizures but should 
be discontinued if no further seizures persist [31, 
34, 35].

Calcium channel blockers, such as nimodip-
ine, verapamil, and nicardipine, have emerged 
as a treatment option in RCVS based on anec-
dote and expert opinion. Of these options 
nimodipine is frequently selected due to its abil-
ity to cross the blood–brain barrier, selective 
affinity for cerebral arteries, and inhibitory neu-
rohormonal effects on serotonin, catecholamine, 
and histamine [90]. Typical dosing consists of 
30–60 mg oral nimodipine every 4 h. In the set-
ting of worsening vasoconstriction, worsening 
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symptoms, PRES or ischemic stroke, other 
authors have initiated intravenous nimodipine 
0.5–2  mg/h utilizing a central venous catheter 
with frequent blood pressure monitoring every 
2–4  h [5, 15, 23, 52, 65, 74, 91–94]. Several 
authors cited improvement in symptoms after 
initiation of nimodipine including cessation of 
headache or improvement in vasoconstriction in 
as many as 84% of patients [52, 59]. Furthermore, 
Cho et al. reported improvement in time to reso-
lution of symptoms with earlier initiation of 
nimodipine in an observational study comprised 
of 82 patients. Other authors have administered 
intraarterial nimodipine as both a treatment 
option and a diagnostic test [63, 65, 79, 90, 95]. 
Marsh et al. described a novel approach in uti-
lizing TCD velocities to assess treatment effect 
and reported improvement in seven patients 
with verapamil after other calcium channel 
blockers had failed [85].

Other treatments have been utilized for 
RCVS.  Although previous authors have shown 
utilization of glucocorticoids as treatment for 
vasoconstrictive disease [4], it is currently 
thought that administration of glucocorticoids is 
associated with worse outcomes [17, 89, 96]. 
Intravenous magnesium has been used as an 
adjuvant medication with calcium channel block-
ers in cases of refractory symptoms [59, 85–97]. 
Epoprostenol in a dose of 1 ng/kg/min via a cen-
tral venous catheter has also been used in refrac-
tory cases of progressive of RCVS [98]. Finally, 
in cases of progressive cerebral edema and poten-
tial herniation at least one case of decompressive 
craniectomy in RCVS has been reported in the 
literature secondary to ICH [40]. This may be 
considered in patients with clinical deterioration 
in addition to osmotic therapy such as mannitol 
and hypertonic saline as per guidelines [99] 
(Fig. 13.7).

Fig. 13.7 RCVS treatment flow chart
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 Prognosis/Sequela

Mortality is low in patients with RCVS with rates 
of 1–5% cited [89] with deaths typically as a 
result of cerebral edema following progressive 
vasoconstriction [17, 25]. As the mortality rates 
are low it is currently unknown as to what risk 
factors are associated with fatal outcomes. 
Clinical worsening of RCVS has been evaluated 
in multiple studies. Katz et  al. reported clinical 
worsening (defined by new focal neurological 
deficits or new onset of seizures) in one-third of 
their sample. Of those that worsened, 55% suf-
fered temporary deficits that resolved within 
hours to days and 40% suffered permanent defi-
cits. In their cohort, the only clinical characteris-
tic/risk factor or radiographic finding associated 
with clinical worsening was ischemic stroke [16]. 
Following this, Singhal and Topcuoglu evaluated 
predictors of clinical and radiographic worsening 
in patients with RCVS. The predictors with the 
highest correlation (defined by p values) were 
focal neurological deficits, cerebral infarcts on 
baseline or final imaging, glucocorticoid usage, 
and treatment with intraarterial vasodilators [96]. 
Of note, postpartum state or pregnancy was not 
associated with clinical worsening.

Long-term outcomes of RCVS were reported 
by John et al. in a follow-up study of 45 patients 
(91% women) over a median of 78 months. This 
group noted that most headaches resolved at 
3 weeks, but 53% of patients had continued head-
ache at follow up throughout the study period. In 
most of these patients (43%) the impact of these 
headaches on daily life was minimal, but 14% 
described their headaches as having both a severe 
impact on life and being disabling. Not surpris-
ingly, in over half of patients with persistent 
headaches a history of migraines was reported, 
and the authors postulated that one reason for this 
could be the subsequent elimination of antimi-
graine vasoconstrictive medication such as trip-
tans after resolution of RCVS.  This is an area 
requiring more investigation to understand the 
long-term consequences of RCVS [13].

The concept of recurrent RCVS is challenging 
the notion that this is a monophasic disease. Chen 
et  al. reported 5% of previously diagnosed 

patients with RCVS returning with a diagnosis of 
recurrent RCVS.  These patients were typically 
women (89%) of middle age (median age of 
50  years old) and occurred at median of 
35 months. The headaches associated with recur-
rent RCVS were similar to those from the initial 
diagnosis of RCVS being bilateral, severe, and 
sudden onset and it was found in their cohort that 
sexual activity as a trigger for first bout of RCVS 
was a predictor for recurrent RCVS [100]. While 
postpartum patients were not shown to be at risk 
for recurrence, there has been a report of recur-
rence of RCVS after subsequent pregnancies in a 
39-year-old female [101].

 Conclusions

RCVS should be considered in the evaluation of 
any pregnant patient with a thunderclap head-
ache. It is a significant cause of ischemic stroke 
and intracranial hemorrhage in the postpartum 
period and should be considered in any of these 
conditions in the pregnant patient. There are 
many risk factors for RCVS such as vasoactive 
medications, migraine headaches, and pre-
eclampsia. While RCVS is uncommon in overall 
pregnancies, occurring in 0.1%, approximately 
10% of cases of RCVS occur in the postpartum 
period.

Any patient presenting with RCVS should 
undergo imaging with MRI/MRA of the brain 
including conventional angiogram in most cases. 
If initial imaging is not consistent with RCVS it 
is recommended to repeat imaging in several 
days to 1  week as findings on imaging can be 
delayed as much as 2 weeks from initial symp-
toms. While there are no proven therapies, treat-
ment typically consists of a calcium channel 
blocker to prevent vasoconstriction. 
Glucocorticoids should be avoided as no inflam-
matory component has been identified and are 
risk factors for worsening. Complications such as 
ischemic stroke, intracranial hemorrhage, and 
cerebral edema should be managed as per 
guidelines.

Most patients have a very good prognosis but 
as many as 1–5% will have a fatal outcome. 

13 Reversible Vasoconstrictive Syndrome in Pregnancy



242

Ischemic stroke is a risk factor for long-term 
sequela due to persistent neurologic deficits. If 
headaches persist beyond the acute course of 
RCVS, their effect on daily activities is usually 
minimal. Recurrent RCVS is a developing con-
cept that has been noted in as many as 5% of 
patients but as the pathophysiology of RCVS is 
still unclear so are the risk factors for 
recurrence.
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14Post-Partum Cerebral Angiopathy

Pouya Entezami, Nicholas C. Field, 
and Emad Nourollah-Zadeh

 Introduction

Post-partum cerebral angiography (PPA) is a 
combined clinical and radiographic diagnosis 
that affects women within the first 6 weeks of the 
postpartum period. It is classically described as 
recurrent, sudden-onset thunderclap headaches, 
which are severe in nature along with radio-
graphic evidence of segmental vasoconstriction 
in at least two different intracranial arteries, typi-
cally resolving within 3  months from onset. 
Aside from headaches, PPA can result in a wide 
range of focal neurological deficits.

Angiopathy of this nature, during the post- 
partum period, is generally accepted to be a sub-
set of Reversible Cerebral Vasoconstriction 
Syndrome (RCVS), which is discussed more 
generally in Chap. 23. Since the 1980s, multiple 
papers have described various types of cerebral 
vasoconstriction syndromes, which were named 
based on association with triggers or associated 
conditions. These include disorders such as 
migraine angiitis, drug-induced angiitis, and 
post-partum angiopathy, representing vasocon-

striction in the setting of migraine, drugs, and 
pregnancy, respectively.

In 1988, a series of 19 cases (including two 
postpartum patients) was published by Call and 
Fleming, outlining the clinical and radiographic 
appearances of cerebral vasoconstriction syn-
dromes [1]. Call-Fleming syndrome has also 
been used to refer to RCVS in the literature and 
there are various subtypes (Table 14.1). Although 
multiple terminologies and associated subtypes 
exist [1–11], the term RCVS is used in general to 
simplify the clinical evaluation and research 
endeavors for this disorder [12–14]. Patients have 
similar presentations and clinical courses, regard-
less of the associated subtype. For this chapter, 
the terms RCVS and PPA are used interchange-
ably, though we will highlight some of the points 
more specific for the postpartum period.
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Table 14.1 List of other terms used to describe 
Reversible Cerebral Vasoconstriction Syndrome, includ-
ing variants

Acute benign angiopathy of the central nervous system
Call-Fleming syndrome
Central nervous system pseudovasculitis
Drug-induced cerebral arteritis
Isolated benign cerebral vasculitis
Migraine angiitis
Migranous vasospasm
Primary thunderclap headache
Post-partum cerebral angiopathy
Thunderclap headache-associated vasospasm
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Currently, RCVS disorders represent the clini-
cal manifestations associated with multifocal 
narrowing of the cerebral arteries. While the clin-
ical course may include severe headaches and 
focal neurological deficits, the ultimate clinical 
outcome is generally benign. However, some 
patients may suffer permanent strokes, resulting 
in severe disability or even death.

PPA is usually associated with high blood 
pressure (similar to pre-eclampsia/eclampisa), 
however, it can also develop in the absence of 
hypertension. About 8–39% of these patients also 
have posterior reversible encephalopathy syn-
drome (PRES) [15].

 Pathophysiology

The pathophysiology of these disorders remains 
uncertain, but several hypotheses have been pro-
posed. RCVS may occur due to spontaneous or 
provoked dysregulation of the cerebral vascular 
tone via serotonergic pathways and sympathetic 
overactivity [16]. There is a strong association 
between RCVS, pre-eclampsia/eclampsia, and 
PRES. [17, 18] This frequent correlation high-
lights the potential for shared pathophysiology, 
namely that endothelial dysfunction is part of the 
process in both disorders.

Hypoperfusion in this patient cohort is caused 
by cerebral vasoconstriction, which is secondary 
to endothelial dysfunction, which can occasion-
ally cause ischemic stroke (typically in water-
shed areas). Furthermore, vasogenic edema and 
breakdown of the blood–brain barrier can also 
occur accounting for the additional symptoms in 
patients with RCVS. This irritation of the lepto-
meninges stimulates the trigeminal nerve (cranial 
nerve V) afferents, resulting in severe headaches. 
Reperfusion injuries affecting smaller arteries 
may explain the finding of subarachnoid hemor-
rhage (SAH) in many patients with RCVS.

Pregnancy, in particular, causes several physi-
ologic and hormonal changes that predispose 
patients to RCVS. These physiologic adaptations 
allow for maternal circulation to meet the 

increased metabolic demand during normal preg-
nancy [19, 20]. These compensatory mechanisms 
include increased plasma volume, hemodilu-
tional anemia, decreased systemic peripheral vas-
cular resistance, and increased heart rate and 
cardiac output (up to 45% increase by the second 
trimester and peak during labor and birth).

Furthermore, pregnancy hormones have been 
reported to promote changes in cerebral vascula-
ture. Although large cerebral arteries remain 
structurally unaffected, the parenchymal arteri-
oles undergo outward hypotrophic remodeling 
during pregnancy [21]. In other words, the arteri-
oles develop a larger inner lumen and thinner 
outer wall. Moreover, cerebral capillary density 
increases during the pregnancy. In addition to 
structural remodeling, the blood–brain barrier 
(BBB) becomes more permeable via production 
of VEGF, matrix metalloproteinases, etc.

However, these normal compensatory changes 
during pregnancy can also be risk factors for 
cerebrovascular complications (such as in PPA) 
during special settings such as acute hyperten-
sion, ingestion of exogenous vasoactive drugs, 
etc. In other words, adaptations such as increased 
plasma volume, BBB permeability, inflamma-
tion, capillary proliferation, and remodeling of 
cerebral arterioles in the gestational and post- 
partum states increase the susceptibility to cere-
bral dysautoregulation, leading to 
microhemorrhage, regional vasogenic edema, 
increased inflammation, vasoconstriction, and 
subsequently ischemic stroke. Indeed, there has 
been reports of increased infiltration of inflam-
matory cells in cerebral arterioles and capillaries, 
and perivascular spaces in patients with PPA [22, 
23].

Additional variations in normal physiology 
during the post-partum period includes a hyper-
coagulable state with a 4–10 times increased 
risk of thrombosis during pregnancy and puer-
perium compared to general population [24]. 
During the post-partum period, this can greatly 
increase the risk of complications secondary to 
hypoperfusion and changes in arterial circula-
tion, as seen in PPA.
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 Epidmiology

The exact incidence of PPA and RCVS are 
unknown as there is a paucity of reports in the lit-
erature, partly due to heterogeneity of diagnostic 
criteria and the most often benign clinical course. 
In a French study from 2010, the incidence of 
RCVS was estimated to be about 0.26% of the 
population with only about 10% of cases occurring 
during the post-partum period [25]. Rates appear to 
be similar in other countries as well, including 
China [26]. While rare, PPA can be an etiology of 
hemorrhagic or ischemic strokes and neurological 
impairment in the post-partum period. Even out-
side the post-partum period, adult RCVS predomi-
nantly affects women, with a female-to-male ratio 
as high as 10:1 in some series.

Since the most severe complication of PPA is 
stroke, it is helpful to discuss the statistics of 
strokes in post-partum due to any etiology [27–
30]. The rate of strokes overall (hemorrhagic or 
ischemic) during pregnancy is significantly 
increased (30 cases per 100,000 people) as com-
pared to the general population of the same age 
cohort (10 per 100,000). Ischemic strokes in par-
ticular are more common than hemorrhagic ones 
(19.9 and 12.2 per 100,000, respectively). The 
stroke rate following birth in the post-partum 
period is roughly 14.7 per 100,000 [27]. The first 
6  weeks during this post-partum period confer 
the highest risk [31].

The most common etiologies associated with 
hemorrhagic strokes are aneurysms, arteriove-
nous malformation, HELLP (hemolysis, elevated 
liver enzymes, low platelet count) syndrome, pre- 
eclampsia/eclampsia, and coagulopathy. The 
most common etiologies associated with isch-
emic strokes are cardioembolic, coagulopathy, 
and pre-eclampsia/eclampsia [18, 27]. Ischemic 
and hemorrhagic stroke are discussed in detail in 
Chaps. 6 and 7.

 Clinical Findings

As with any neurological disorder, judicious and 
comprehensive history taking along with a thor-
ough physical examination can quickly narrow 
the differential diagnosis when evaluating the 

post-partum patient with neurological symptoms. 
Sudden onset, severe headaches—commonly 
referred to as “thunderclap headaches”—are the 
most common symptom of PPA. These recurrent 
headaches occur in 90% of affected patients and 
can recur for up to 2 weeks [14, 16, 17]. Less than 
10% of patients will not display these persistent 
headaches, but the absence of a presenting head-
ache is exceptionally rare.

The initial headache can be similar in descrip-
tion to that of ruptured cerebral aneurysms, but 
recurrent thunderclap headaches over several 
days is pathognomonic for RCVS [32]. Patients 
frequently suffer from a migraine-like symptoms 
(e.g., nausea, vomiting, phonophobia, and photo-
phobia). Other symptoms include focal neuro-
logical deficits (50%), visual field deficits (44%), 
encephalopathy (33%), and seizures (28%) [33].

There is a higher incidence in patients who are 
taking selective serotonin reuptake inhibitor 
(SSRIs), serotonin–norepinephrine reuptake 
inhibitors (SNRIs), α-sympathomimetics (e.g., 
pseudoephedrine and ephedrine), triptans, and 
Ergot alkaloids (e.g., methergine and bromocrip-
tine). Often times, a trigger can be identified, 
including physical exertion, stress, straining 
(including during labor), and exercise, among 
others.

 Laboratory Investigation

Laboratory investigations—including blood 
counts and erythrocyte sedimentation rates—are 
often normal in patients with RCVS. Inflammatory 
markers may be elevated, but this is thought to be 
secondary to triggers for the disorder and not as a 
result of RCVS itself [16, 34].

Several diagnostic tests are generally per-
formed during evaluation, in order to rule out 
other similar disorders or to screen for precipi-
tants of RCVS.  Cerebral angiitis and vasculitis 
are common differential diagnoses, and common 
markers (such as Rheumatoid factor, antinuclear 
and antineutrophil cytoplasmic antibodies, and 
tests for Lyme disease) should be evaluated. 
Urinary measurement of vanillylmandelic acid 
and 5-hydroxy indoleacetic acid may also be con-
sidered to rule out pheochromocytoma.
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Serum and urine toxicology screens (e.g., 
cocaine, amphetamines, MDMA, LSD, canna-
bis) should be sent to evaluate the presence of 
these precipitating drugs.

Cerebrospinal fluid (CSF) evaluation is usu-
ally unremarkable, though 20% of patients can 
have mild protein elevation (60–100 mg/dL) or 
pleocytosis (white blood cell count >5), most 
often due to associated ischemic or hemorrhagic 
strokes. In patients with associated subarach-
noid blood, xanthachromia and elevated red 
blood cell counts are seen. It is recommended 
that CSF be retested if the white blood cell 
count exceeds 10  cells/μL or the protein is 
higher than 80 mg/dL [16].

 Radiographic Evaluation

In addition to clinical symptoms, imaging in the 
forms of cerebral angiography and parenchymal 
imaging are both indicated.

Cerebral angiography can be achieved with 
non-invasive means such as computed tomogra-
phy (CT) or magnetic resonance (MR) angio-
graphic studies, or alternatively through cerebral 
digital subtraction angiography (DSA). Not only 
do these studies help confirm the diagnosis of 
PPA if suspected, they simultaneously rule out 
aneurysms and other vascular malformations that 
can share similar presentations if ruptured.

The radiographic finding of segmental vaso-
constriction or “beading” is pathognomonic for 
cerebral vasculitides, and in the correct setting 
can narrow the diagnosis to RCVS (or PPA in 
post-partum patients). The diagnosis of PPA 
requires the presence of beaded vessels in at least 
two cerebral arteries, though these findings can 
be bilateral and diffuse (Fig. 14.1). Both the ante-
rior and posterior circulations may be involved. 
The differential diagnosis for arterial irregulari-
ties and stenosis include internal carotid artery 
disease (ICAD), cerebral vasculitis (inflamma-
tory, infectious, or neoplastic), and fibromuscular 
dysplasia [35].

Cerebral DSA remains the gold standard for 
radiographic evaluation, with sensitivity nearing 
100% when compared to CT or MR angiography 

[36]. Furthermore, with DSA it is possible to 
locally inject vasodilators both as a diagnostic 
and therapeutic tool [37, 38].

The obvious downside of cerebral DSA is that 
it is more invasive than non-catheter investiga-
tions, though the rate of complication remains 
low (0.06–0.3%) with diagnostic cerebral DSAs. 
The most common complications reported are 
groin hematoma, while more serious complica-
tions—namely ischemic strokes and iatrogenic 
dissections—are possible. The rate of contrast 
nephropathy seen with cerebral DSAs are similar 
to that associated with CTA of the head [39].

Although a cerebral DSA is the gold standard 
modality, CTA continues to be the most com-
monly obtained study due to easier accessibility 
in most institutions, as some centers may not 
have neuro-angiography capabilities. The sensi-
tivity of CTA is about 80% in RCVS-related 
cerebral vasoconstriction. This is similar to the 
utility of MRA in this patient population.

One important downside to consider in this 
patient population with both CT angiography and 
cerebral DSAs is radiation exposure and the use 
of iodinated contrast. However, both studies can 
still be considered during pregnancy, during the 
post-partum period, or even in patients with renal 
insufficiency in emergent settings without timely 
access to MRI or when a higher sensitivity is 
desired. Collaboration with colleagues in the 
Obstetrics department will help make appropriate 
imaging decisions in pregnant patients, and 
efforts can be made to shield the mother and fetus 
from radiation in these cases.

Furthermore, MRA of the neck with fat sup-
pression can be considered to screen for cervical 
artery dissections. Gadolinium contrast is gener-
ally not needed during MR studies to evaluate 
RCVS/PPA. However, contrast should be used if 
an infectious or inflammatory etiology is in the 
differential.

Of note, appropriately timed studies (whether 
CT, MR, or catheter-based) should evaluate the 
venous structures as well, helping to rule out 
cerebral venous thrombosis as a cause for the 
patient’s symptoms.

In addition to evaluation of the cerebral vascu-
lature, the brain parenchyma should also be 
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a b

c d

Fig. 14.1 Cerebral angiogram findings in a patient with 
PPA. (a, b) Right ICA injection on day 1 and 7, respec-
tively. Short arrows demonstrate areas where focal, seg-
mental beading developed on day 7 within left MCA 

territory. (c, d) Left ICA injection in the same patient on 
day 1 and 7, respectively. Short arrows demonstrate areas 
where focal, segmental beading developed on day 7 
within both right MCA and right ACA territories

simultaneously imaged to assess for ischemic 
stroke (especially with diffusion-weighted MR), 
intracerebral hemorrhage (ICH), subarachnoid 
hemorrhage (SAH), and posterior reversible 
encephalopathy syndrome (PRES). Ischemic 
strokes often occur in the watershed territories 
due to aberrant perfusion, while subarachnoid 
hemorrhages can be seen either cortically (in the 
convexity sulci) or occasionally surrounding the 
perimesencephalon in RCVS/PPA patients.

Less common findings such as subdural hema-
toma (rare) and cerebral edema may be seen. 
Cerebral edema in the posterior parenchyma 
(typically occipital lobes) may herald a PRES- 
like syndrome, which occurs in 8–38% of all 
RCVS cases.

Transcranial doppler (TCD) has been investi-
gated as an initial diagnostic tool, but its utility is 
limited due to its lower sensitivity when com-
pared to the more commonly used modalities 
described. TCDs have a sensitivity of 42% and 
67% for ACA and MCA territories, respectively. 
However, TCD can be a useful modality for serial 
trending of vasoconstriction.

 Diagnostic Clinical Scores

The RCVS2 Score was developed to better diag-
nose patients with RCVS by providing more 
clear guidelines (Table 14.2). RCVS2 is useful in 
post-partum patients as well.
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Table 14.2 RCVS2 score

Recurrent or single thunderclap headache
   Present 5
   Absent 0
Intracranial carotid artery
   Affected −2
   Not affected 0
Vasoconstrictive trigger
   Present 3
   Absent 0
Sex
   Female 1
   Male 0
Subarachnoid hemorrhage
   Present 1
   Absent 0

A score ≥ 5 has 99% specificity and 90% sen-
sitivity for diagnosing RCVS, while lower scores 
(≤2) have 100% specificity and 85% sensitivity 
for excluding RCVS based on the 2019 study by 
Rocha et al. [32] A flowchart has been made to 
help in diagnosing these patients (Fig. 14.1).

 Other Differential Diagnoses 
to Consider

Several other presentations may mimic that of 
PPA. Some additional diagnostic considerations 
are discussed below.

Aneurysmal SAH is a key differential diagno-
sis to consider, especially given the shared thun-
derclap headache symptom seen in PPA.  More 
than 30% of patients with RCVS develop SAH, 
however, aneurysmal SAH is a much more threat-
ening diagnosis and should not be missed thus 
underscoring the importance of cerebral vascular 
imaging. An important radiographic finding that 
could potentially help differentiate between the 
two is the SAH pattern; in RCVS it is usually at 
the cortical convexity compared to the aneurys-
mal SAH pattern which is typically found in the 
basal cisterns (Fig. 14.2). Furthermore, compared 
to aneurysmal SAH, patients with RCVS tend to 
be younger, have lower Hunt-Hess and Fisher 

grades, higher number of affected arteries, and 
the presence of bilateral arterial narrowing [40].

Another diagnosis to consider is primary angi-
itis of the central nervous system (PACNS); 
which is an idiopathic multifocal inflammatory 
disease of the cerebral vasculature, affecting both 
small and medium-sized blood vessels. The 
PACNS typically presents with a more insidious 
headache as opposed to the sudden-onset/severe 
thunderclap headaches seen in PPA [34, 41]. 
Lumbar punctures are abnormal in 95% of 
patients, with moderate pleocytosis, elevated pro-
tein levels, and a normal glucose. These findings 
are similar to aseptic meningitis [42].

In a study comparing PACNS to RCVS, 70% 
of RCVS patients were found to have an accom-
panying trigger, including the use of SSRIs, 
SNRIs, cannabis, nasal decongestants, binge 
alcohol consumption, ergots, triptans, cocaine, 
amphetamines, nicotine patches, epinephrine, 
interferon-α, immunosuppressant drugs (e.g., 
tacrolimus, cyclosporine, cyclophosphamide), 
bromocriptine, indomethacin, and sulprostone 
usage, and notably for this chapter, post-partum 
state [43]. Furthermore, brain imaging is more 
commonly abnormal with PACN than RCVS, 
where imaging is abnormal in only 31% of 
patients. MRI of brain may show subcortical and 
deep white matter changes [15].

Cervical or intracranial arterial dissections 
may also present with headaches and focal neu-
rological deficits and can also occur simultane-
ously with RCVS. One study found that 12% of 
patients with RCVS had an associated cervical 
arterial dissection. They noted that 28% of 
patients with this combined presentation pre-
sented in the post-partum period; thus, in patients 
with a high index of suspicion, vascular imaging 
should be extended to the neck [44].

Migraine and migraine variants are a much 
more common presentation of severe headaches. 
While some patients may have a history of 
migraine headaches, the sudden-onset thunder-
clap headaches of RCVS are usually distinct. 
Furthermore, RCVS is self-limited and unlikely 
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a b c

Fig. 14.2 Subarachnoid pattern in post-partum angiopa-
thy. (a) Axial MRI head showing classic cortical convex-
ity subarachnoid hemorrhage associated with PPA/RCVS. 
(b) Coronal MRI Brain showing the convexity SAH in 

same patient. (c) Axial CT head showing classic SAH pat-
tern in basal cisterns associated with ruptured cerebral 
aneurysm

to recur. Incorrect diagnosis can be dangerous, as 
certain migraine treatments can exacerbate cere-
bral vasoconstriction [4].

While recurrent thunderclap headaches over 
several days is pathognomonic for RCVS [34], 
several other neurological disorders can present 
with severe headaches, including intracranial 
infections (e.g., meningitis, abscess), cerebral 
venous thrombosis, intracranial hypotension, and 
pituitary apoplexy, among others. The laboratory 
and imaging recommendations above will help 
elucidate the correct diagnosis.

 Management

Currently, there is no randomized clinical trial for 
treatment of RCVS or PPA and management is 
mainly guided by expert opinion. Although the 
clinical course is usually benign and most patients 
fully recover, about one-third of patients develop 
transient symptoms and rarely they can have a 
progressive, challenging course [45]. 
Appropriately diagnosing PPA allows initiation 
of symptomatic management and supportive 
therapy to prevent potential neurological sequelae 
(Fig. 14.3).

Once the PPA diagnosis is established, it is 
important to stop intake of the vasoactive drug/
trigger (if any). In patients with mild symptoms 
and no neurologic deficits, the management is 

mainly to treat the symptoms (i.e., pain and head-
ache). Although in the majority of patients, clini-
cal and angiographic resolution occur 
spontaneously without medical intervention, in 
most centers, patients with PPA are commonly 
started on calcium channel blockers (CCBs). 
Depending on symptoms, CCBs are continued 
for 4–12  weeks. However, this has not been 
extensively reviewed [46–48]. Nimodipine is the 
most common agent used over the first few days 
with dosing similar to that used in setting of 
aneurysmal subarachnoid hemorrhage (60  mg 
oral every 4 h). However, the CCB of choice after 
discharge is typically Verapamil, given the more 
affordable price and lower dosing frequency 
(typically 120–240  mg once daily in the sus-
tained release formulation). In two prospective 
studies, Nimodipine use was associated with 
headache resolution in 64–83% of RCVS cases, 
however, it did not reduce the time course of 
vasoconstriction [49, 50]. Another vasodilator 
agent used is Magnsium sulfate, however, its util-
ity is unknown and reported in only a few cases 
[51, 52].

The use of glucocorticoids in PPA is generally 
not recommended as it can worsen the clinical 
course in up to 27% of patients according to one 
study [53]. This underscores the importance of 
ruling out mimics of PPA, namely PACNS, for 
which glucocorticoids are the mainstay in 
treatment.
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ABC (Airway, Breathing, Circulation) - Monitor O2, HR, BP, EKG)

History I oactive

Labs

CBC, BMP, LFT, Calcium, Magnesium, Phosphate, Troponin, Toxicolog
Consider: ESR, CRP and if clinically suspected vasculiteis panel
Consider LP if no obvious SAH or if vasculitis/angitis/infectious etiologies in ddx

Neurological examination 

A &
* Consider MR brain with contrast if PACNS in ddx

Or

CT A & k

Other imaging modalities: 
-  or need to rule out dAVF, small AVM or aneurysm
- Serial TCDs to monitor vasoconstriction
- CT or MR venography if cerebral venous thrombosis is suspected

ABC (Airway, Breathing, Circulation) - Monitor O2, HR, BP, EKG)

History I oactive

Labs

CBC, BMP, LFT, Calcium, Magnesium, Phosphate, Troponin, Toxicolog
Consider: ESR, CRP and if clinically suspected vasculiteis panel
Consider LP if no obvious SAH or if vasculitis/angitis/infectious etiologies in ddx

Neurological examination

A &
* Consider MR brain with contrast if PACNS in ddx

Or

CT A & k

Other imaging modalities: 
- or need to rule out dAVF, small AVM or aneurysm
- Serial TCDs to monitor vasoconstriction
- CT or MR venography if cerebral venous thrombosis is suspectedT

Imaging: 

PPA Diagnosis- Post-partum thunder clap headache and/or neurologic de�cits

Fig. 14.3 Flowchart for diagnosis and initial manage-
ment of post-partum angiopathy. PACNS primary angiitis 
of the central nervous system, dAVF dural arteriovenous 

fistula, AVM arteriovenous malformation, SAH subarach-
noid hemorrhage

The goal of blood pressure management is to 
maintain appropriate cerebral perfusion pressure, 
thus it is imperative to avoid hypotension given 
the cerebral vasoconstriction in patients with 
PPA.  Furthermore, dehydration should be 
avoided and patients should be volume resusci-
tated with a target goal of euvolemia (hypervol-
emia should also be avoided).

Pain and headache treatment is typically man-
aged with a combination of acetaminophen and 
opioids. Of note, indomethacin and triptans 
should be avoided, as they are vasoactive drugs 
and may exacerbate the symptoms. Occasionally 
intravenous magnesium (2 g over 1–2 h) and oral 
gabapentin may provide pain relief. Patients with 
PPA should be instructed to avoid strenuous 
physical exertion and valsalva maneuver (includ-
ing constipation) for a few weeks (2–4 weeks). It 
is also important to address constipation (a form 
of valsavla maneuver) since many of the patients 
may also be on opioids. Routine use of antiepi-
leptic drugs (AEDs) for seizure prophylaxis 

should be avoided, as their use should be limited 
to seizure treatment. In patients with seizure, 
duration of AED treatment is usually about 
4–12  weeks until cortical irritation is resolved. 
We recommend outpatient follow up with an epi-
leptologist to determine duration of AED treat-
ment and also to confirm its compatibility with 
breastfeeding. Furthermore, the use of secondary 
stroke prevention medications (such as antiplate-
lets, statins, etc.) is generally not recommended. 
Lastly, since PPA/RCVS recurrence is low, cer-
tain vasoactive drugs such as antidepressants can 
be re-introduced or started if clinically 
necessary.

In a subset of PPA patients with severe symp-
toms and neurologic deficits, it would be prudent 
to monitor them closely in an intensive care unit 
(preferably neurocritical care unit), and optimize 
their volume status (goal of euvolemia) and blood 
pressure to avoid ischemic or hemorrhagic stroke. 
The blood pressure should be adjusted on a case- 
by- case basis to maintain adequate cerebral per-
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fusion pressure (CPP), and at the same time avoid 
worsening of other possible co-existing condi-
tions such as cerebral edema or hematoma. This 
will depend on multiple factors including degree 
of vasoconstriction, neurologic examination, 
intracerebral hemorrhage volume (if any), sever-
ity of cerebral edema/intracranial pressure, and if 
there are co-existing entities such as posterior 
reversible encephalopathy syndrome (PRES). In 
patients with severe vasoconstriction, the blood 
pressure can be allowed up to 160–180 mmHg in 
an acute setting. However, as mentioned above, 
SBP may need to be kept lower depending on 
other co-existing problems. Serial TCDs may 
also provide important data regarding severity of 
vasoconstriction and help to guide medical man-
agement (Fig. 14.4).

In medically refractory vasoconstriction, 
endovascular treatment (either intra-arterial anti-
spasmodic therapy and/or angioplasty) should be 
a consideration [23, 54–57]. Success with intra- 
arterial, local infusion of vasodilators such as 
Verapamil, Milrinone, or Nimodipine may help 
treat focal deficits. Large intraparenchymal 

hematomas causing raised intracranial pressure, 
though exceedingly rare with PPA, may require 
surgical evacuation [58].

 Prognosis

Most patients with PPA do well clinically, with 
the vast majority (more than 90%) experiencing a 
full recovery within a few days or weeks. Less 
than 5% develop life-threatening complications 
such as strokes, progression of vasospasm, cere-
bral edema, or severe neurologic disability [59–
62]. The fatality rate of RCVS is less than 1% 
[16, 25, 59, 61, 63, 64].

There is more concern for intractable vaso-
constriction in PPA than in RCVS due to the 
hemodynamic and coagulability changes in 
post- partum females, but this has not been 
extensively studied. Maternal age greater than 
40 years at delivery is associated with a small 
increased risk for hemorrhagic stroke in preg-
nancy and puerperium, furthering the risk in this 
population [65].

PPA Management

- Stop trigger/vasoactive drugs (if any) 

- Avoid Hypotension: BP may need to be augmented if there is severe vasoconstriction

- Avoid Dehydration (goal euvolemia)

-Pain/Headache management: 

* Acetaminophen and Opioids
* May consider gabapentin and IV Magnesium

-Vasoconstriction treatment with Calcium channel blockers
* Nimodipine usually while inpatient (60 mg PO q4h or 30 mg PO q2h)
* Verapamil as outpatient for 4 -12 weeks (120 to 240 mg PO daily)

-Avoid glucocorticoids for primary treatment of PPA

PPA Management

- Stop trigger/vasoactive drugs (if any)

- Avoid Hypotension: BP may need to be augmented if there is severe vasoconstriction

- Avoid Dehydration (goal euvolemia)

-Pain/Headache management: 

* Acetaminophen and Opioids
* May consider gabapentin and IV Magnesium

-Vasoconstriction treatment with Calcium channel blockers
* Nimodipine usually while inpatient (60 mg PO q4h or 30 mg PO q2h)
* Verapamil as outpatient for 4 -12 weeks (120 to 240 mg PO daily)

-Avoid glucocorticoids for primary treatment of PPA

-Severe and medically refractory vasoconstriction
* Consider endovascular treatment with intra-arterial infusion of antispasmodics or angiopalsty

-Other possible co-exisisting issues:
* Seizure: Limit antiepliepic use to seizure treatment. Seizure prophylaxis not indicated
* PRES (if any) management
* Cerebral edema and Intracerebral hemorrhage management if present.

Fig. 14.4 Typical management of post-partum angiopathy. PRES posterior reversible encephalopathy syndrome
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15Anticoagulation for Neurovascular 
Disorders in Pregnancy

Patrick Bridgeman and Angela Antoniello

 Introduction

Neurovascular indications for anticoagulation 
during pregnancy, although rare, do occur. During 
pregnancy and the postnatal period, women are at 
increased risk of acute ischemic stroke at a rate of 
34 strokes per 100,000 deliveries compared to 
non-pregnant woman who have an incidence of 
21 per 100,000 live births [1]. Pregnancy is also a 
risk factor for central venous thrombosis [2]. 
Choosing the appropriate anticoagulant treat-
ment for pregnant patients is especially challeng-
ing. The lack of data and unclear efficacy is also 
reflected in the variability in practice of neurolo-
gists. In a survey sent to 384 neurologists, 88% of 
respondents indicated that antithrombotic ther-
apy should be administered to pregnant patients 
with a history of stroke, however, differences in 
the agent of choice varied substantially. Aspirin 
was chosen by 51% of neurologists as secondary 
prophylaxis and 7% of respondents chose low- 
molecular weight heparins (LMWHs). Data 

regarding the use of anticoagulants for neurovas-
cular indications in pregnancy is sparce and 
largely derived from observational data, includ-
ing case reports and retrospective cohort studies. 
Throughout this chapter, data regarding use and 
outcomes of anticoagulation in pregnant patients 
with neurovascular indications will be discussed, 
when available. Data from other indications, such 
as venous thromboembolism (VTE) treatment, 
thrombophilia, and others, will be included to 
provide a picture of anticoagulant use in the preg-
nant patient population. Clinical considerations, 
including approaches to diagnosis and manage-
ment, for the various neurovascular disorders are 
discussed in detail in other chapters of this book.

 Pharmacokinetic Changes 
in Pregnancy

Physiologic changes in the pregnant woman 
result in pharmacokinetic changes that may 
necessitate dose adjustment, may predispose 
patients to increased risk of toxicity, or result in 
diminished efficacy or therapeutic effect. Studies 
evaluating pharmacokinetic parameters in preg-
nant patients are very limited. Drug absorption, 
distribution, metabolism, and excretion may be 
markedly different in pregnancy. Changes in 
regional blood flow may significantly affect 
absorption of enteral and intramuscular injec-
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tions. Pregnancy-associated nausea and vomiting 
may also result in decreased enteral absorption.

Furthermore, the volume of distribution is 
increased in pregnant patients. Volume of distri-
bution is the volume required for a drug to be 
evenly distributed to equal the resulting blood 
concentration. Many variables affect volume of 
distribution, including protein binding, medica-
tion lipophilicity, and patient volume status. 
During pregnancy, plasma volume increases by 
approximately 40% above baseline in part due to 
estrogen-mediated activation of the renin- 
angiotensin- aldosterone system [3]. Increases in 
the total fluid volume in pregnant patients lead to 
reduced serum concentrations compared to non- 
pregnant patients if the same dose is adminis-
tered. Hydrophilic drugs are more likely to be 
affected by this change. Increases in total body 
fat occurring in pregnancy may decrease the vol-
ume of distribution of lipophilic medications 
resulting in lower serum concentrations.

Pregnant patients experience increases in glo-
merular filtration rate and increased renal blood 
flow. Increased rates of renal clearance may result 
in shorter half-lives of renally cleared medica-
tions. For example, enoxaparin serum concentra-
tions are lower early and late in pregnancy. In 
some cases, dosage adjustments of enoxaparin 
may be required. Additionally, increases in 
hepatic blood flow may increase clearance of 
medications metabolized by the liver. The hepatic 
cytochrome P450 enzymes may increase or 
decrease resulting in changes in serum concen-
trations for medications metabolized by this 
pathway.

Hypoalbuminemia related to pregnancy 
results in reduced protein binding and increased 
free fraction for medications which are highly 
protein bound. Therefore, more active drug is 
available and may result in increased action of 
the drug. Drugs with high levels of protein 
binding may, therefore, require dosage adjust-
ment [4].

Pregnancy results in several pharmacokinetic 
changes. Although most do not result in clinically 
relevant changes, providers should be aware that 
they may occur and be prepared to intervene if 
necessary. Drugs which are likely to require dose 

adjustments are those that undergo increased 
renal clearance or those that are highly protein 
bound.

 Food and Drug Administration 
Pregnancy and Lactation Labeling

For over 30  years, the United States Food and 
Drug Administration (FDA) has categorized fetal 
risk with a five-letter system (A, B, C, D and X), 
detailed in Table 15.1 [5]. Recently, the FDA has 
revised the pregnancy and lactation labeling to 
address concerns raised over the oversimplifica-
tion of this categorization scheme as presented in 
drug product labeling. The current Pregnancy 
and Lactation Labeling Final Rule (PLLR) went 
into effect on June 30, 2015. For prescription 
drugs approved after June 30, 2015, the letter cat-
egory system will no longer be utilized in the 

Table 15.1 Labeling for human prescription drug and 
biological products

Category Description
A •  Adequate and controlled human studies do 

not demonstrate fetal risk
•  Animal studies demonstrating lack of fetal 

risk may also be available
B •  Animal studies do not demonstrate fetal 

risk, but adequate and controlled human 
studies are lacking OR

•  Animal reproduction studies demonstrate 
adverse effects, but adequate and controlled 
human studies do not demonstrate fetal risk

C •  Animal reproduction studies demonstrate 
adverse effects while controlled human 
studies are lacking, but drug therapy 
benefits may outweigh risks OR

•  Adequate animal reproduction and 
controlled human studies are lacking

D •  Human studies or marketing data 
demonstrate fetal risk

•  Potential benefits of drug therapy may 
outweigh fetal risk

X •  Fetal harm is demonstrated by animal or 
human studies and/or marketing experience

•  This risk of drug therapy clearly outweighs 
the benefit

The above table represents pregnancy risk categories for 
drugs as established by the Food and Drug Administration 
prior to the implementation of changes per the 2015 
Pregnancy and Lactation Labeling Final Rule [5]
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labeling of the drug. Drugs approved prior to 
June 29, 2001 are not covered by the PLLR, but 
the pregnancy category assignments must be 
removed from the labeling. The changes of the 
PLLR will gradually be implemented for drugs 
approved after June 29, 2001, however, the time-
line is not fully delineated. In addition to remov-
ing the pregnancy categories, other sections of 
the package insert or product labeling are now 
revised to better reflect the current information 
available about drug used during pregnancy. The 
current package insert sections “Pregnancy,” 
“Nursing Mothers,” and “Labor and Delivery” 
are being removed. These sections are being 
replaced by new section “Pregnancy,” “Lactation,” 
and “Females and Males of Reproductive 
Potential.” Additional updates to the “Pregnancy” 
section include a statement regarding the exis-
tence of drug-specific pregnancy exposure regis-
tries. FDA believes this will encourage providers 
utilize these registries and accumulate exposure 
and outcome information. The pregnancy section 
must also contain a statement of the risk of using 
the drug during pregnancy, information about 
dosage adjustment during pregnancy, maternal 
adverse reactions, fetal adverse reactions, and 
effects on labor and delivery. For the purposes of 
this book chapter, the pregnancy letter categories 
will still be used due to provider familiarity and 
concurrent use with the new labeling system.

 Heparin Anticoagulants

Heparin anticoagulants have been used in preg-
nant patients for many years. They are the first 
line anticoagulant for many indications in preg-
nancy. Utilization of UFH as a first line antico-
agulant has fallen out of favor as LMWHs have 
several advantages over UFH, however, use of 
UFH may be considered in patients with renal 
disease or utilized near the time of delivery. There 
are several different LMWHs available in the 
United States and worldwide, including enoxapa-
rin, dalteparin, tinzaparin, and nadroparin. 
LMWHs and UFH do not cross the placenta. 
Teratogenicity or increased rates of fetal bleeding 
have not been demonstrated [6]. LMWHs are 

renally cleared and require dosage adjustment in 
patients with renal dysfunction. When compared 
to UFH, LMWHs have a longer half-life, more 
predictable subcutaneous absorption, and a more 
predictable therapeutic effect. These characteris-
tics make LMWHs preferable to UFH.

Beside bleeding events, other adverse reac-
tions with heparins include allergic skin reac-
tions, osteoporosis, and heparin-induced 
thrombocytopenia (HIT). Allergic skin reactions 
have been reported to occur with unfractionated 
heparin (UFH) and LMWHs. The incidence of 
heparin-induced skin lesions covers a wide range 
from 1% to 40% in pregnant patients. The etiol-
ogy of the rash is a type IV delayed hypersensi-
tivity reaction. This is different compared to HIT, 
which is a type I allergic reaction. In a prospec-
tive observational trial, 111 pregnant patients 
were evaluated for heparin-induced skin reac-
tions. The mean onset of rash was 50.5 days. In 
this study, 81.8% (n = 22) developed a skin reac-
tion. Nadroparin accounted for 81.8% of patients 
who initially developed a rash, and enoxaparin 
and UFH accounted for 4.5% of reactions respec-
tively. No association between HIT and the 
heparin- induced rash was identified. The authors 
concluded skin reactions occur with high fre-
quency in pregnant patients and the use of nad-
roparin should be avoided in pregnancy. The rash 
may resolve with switching the heparin com-
pound administered, however, cross-reactivity 
has been observed and should be considered [7]. 
The risk of development of osteoporosis may be 
less with LMWHs compared to UFH. In a meta- 
analysis evaluating the effect of long term 
LMWH on bone mineral density and fracture risk 
in non-pregnant females, the authors concluded 
that LMWH may not increase fracture risk if 
used at therapeutic doses for 3–6 months, but that 
longer treatment duration may adversely affect 
bone mineral density [8]. Reports of osteoporosis 
occurring in pregnant patents have been pub-
lished. Risk factors for the development of osteo-
porosis have not been identified yet in the 
pregnant population. Physicians should be aware 
of the possible development of osteoporosis and 
monitor patients accordingly. LMWHs seem to 
have lower rates of HIT when compared to UFH 
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[9]. The incidence of HIT in nonpregnant patients 
is approximately 3% ([10]).

The nomenclature adopted by the American 
College of Chest Physicians (ACCP) used to 
describe the categorization of dosing of LMWHs 
and UFH in pregnancy includes the following cat-
egories: adjusted dose UFH, prophylactic LMWH, 
intermediate dose LMWH, and adjusted dose 
LMWH [9]. Adjusted dose UFH describes when 
UFH is administered at 12-h intervals to achieve an 
aPTT within a defined therapeutic range. 
Prophylactic LMWH is used when describing once 
daily administration of at lower doses. Intermediate 
dose LMWH is used to describe administration of 
LMWH doses at 12-h intervals for prophylaxis and 
adjusted dose LMWH describes weight based full 
treatment doses (Table 15.2).

UFH is not teratogenic and does not result in 
increased risk of fetal bleeding as it does not cross 
the placenta [11]. A retrospective study evaluated 
heparin use during 100 pregnancies in 77 patients. 
The mean duration of heparin therapy was 
17.97  weeks and all patients given heparin for 
treatment of VTE initially received it intravenously. 
There were two episodes of severe bleeding (2%), 
one of which was antepartum bleeding. This rate of 
bleeding is comparable to previously published lit-
erature on use of UFH in pregnant patients. No epi-
sodes of symptomatic fracture occurred, but bone 
mineral testing was not performed, therefore, 
changes in bone mineral density could not be eval-
uated. Rates of adverse fetal outcomes were similar 
to the general population [12].

Prolonged anticoagulant effects have been 
observed with the use of subcutaneous heparin. 
Anderson and colleagues observed pregnant 
patients to have a prolonged aPTT up to 28  h 
after discontinuation of subcutaneous heparin. 
The authors recommend discontinuing subcuta-
neous heparin 24 h prior to elective induction of 
labor [13].

A systematic review evaluated the safety and 
efficacy of LMWHs in pregnancy. A total of 2777 
patients from 64 studies were included for analy-
sis. The most common indication reported in the 
review was thromboprophylaxis or adverse preg-
nancy outcome (61 studies, 2603 pregnancies) 
with 15 studies (174 patients) receiving LMWH 
for treatment of acute VTE. In this analysis, the 
authors did not identify maternal deaths in the 
included trials. Allergic skin reactions were 
reported in 1.8% of patients. Enoxaparin had the 
lowest incidence of skin reaction compared to 
dalteparin or nadroparin. Across all groups, sig-
nificant bleeding, usually associated with pri-
mary obstetric causes, occurred in 1.98% 
(1.5–2.57%). Other adverse events, such as 
osteoporosis and low platelet count, occurred in 3 
patients and 1 patient, respectively. There were 
no reported cases of epidural hematoma, hemor-
rhagic or neurologic complications associated 
with epidural or spinal anesthesia identified in 
this review [14].

McClintok and colleagues reported the use of 
enoxaparin in pregnant patients with mechanical 

Table 15.2 Dosing strategy of UFH and LMWH

Dosing 
strategy Description
UFH
Adjusted dose •  Varying weight-based doses injected 

subcutaneously every 12 h to target a 
goal midinterval aPTT in therapeutic 
range

LMWH
Prophylactica •  Dalteparin 5000 units injected 

subcutaneously every 24 h
•  Tinzaparin 4500 units injected 

subcutaneously every 24 h
•  Nadroparin 2850 units injected 

subcutaneously every 24 h
•  Enoxaparin 40 mg injected 

subcutaneously every 24 h
Intermediate 
dose

•  Dalteparin 5000 units injected 
subcutaneously every 12 h

•  Enoxaparin 40 mg injected 
subcutaneously every 12 h

Adjusted dose •  Dalteparin 200 units/kg injected 
subcutaneously once daily OR 
100 units/kg injected subcutaneously 
every 12 h

•  Tinzaparin 175 units/kg injected 
subcutaneously once daily

•  Enoxaparin 1 mg/kg injected 
subcutaneously every 12 h

The above table represents various anticoagulation dosing 
strategies used in pregnancy as defined by the American 
College of Chest Physicians [9]
UFH unfractionated heparin, LMWH low molecular weight 
heparin, aPTT activated partial thromboplastin time
aDoses may be further adjusted for extremes of body 
weight
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heart valves. Women were identified from a pro-
spective database of pregnant woman and 
selected if the indication for anticoagulation was 
thomboprophylaxis in the setting of a mechanical 
heart valve. A total of 31 women were included in 
the study with a total number of 47 pregnancies. 
A majority of patients were treated with 
 enoxaparin alone (72.2%) with the rest treated 
with a combination of enoxaparin and warfarin. 
Seven patients experienced a thrombotic event, 
and of those who experienced a thrombotic event, 
five were associated with enoxaparin use. Post- 
partum hemorrhage occurred in 12.8% (n = 6) of 
pregnancies [15].

Multiple dose formulations of enoxaparin 
contain benzyl alcohol as a preservative. When 
benzyl alcohol is administered it has been associ-
ated with neonatal death. Additionally, benzyl 
alcohol crosses the placenta and may be harmful 
to premature infants. Therefore, preservative free 
vials should be utilized when administered to 
pregnant patients [16].

Rates of post-partum hemorrhage have been 
evaluated in pregnant patients treated with a thera-
peutic dose of LMWH versus those not treated 
with LMWH. In a retrospective cohort study, the 
occurrence of post-partum hemorrhage (PPH), 
defined as blood loss greater than 500  mL, was 
18% in the LMWH group compared with 22% in 
the group not treated with LMWH.  The rate of 
severe PPH, defined as blood loss greater than 
1000  mL, was not different between the two 
groups. The authors concluded that LMWHs were 
not associated with a higher incidence of PPH, 
however, a randomized clinical trial is required to 
confirm their results [17]. A subsequent meta-
analysis was conducted to assess risk of PPH in 
patients with exposure to LMWH.  The analysis 
included eight studies with a total of 22,162 
women, and of those, 1320 were exposed to 
LMWH. The authors found an increased risk of 
PPH in the LMWH group compared to the control 
group (relative risk, 1.45; 1.02–2.05). However, 
there was no difference in the amount of blood lost 
or risk of transfusion at delivery [18].

Dosing recommendations for LMWH vary by 
indication, and dosing modifications are required 
in pregnancy secondary to physiologic changes 

as previously described. Prophylactic doses of 
enoxaparin were evaluated in pregnant patients 
with a history of thrombophilia and recurrent 
pregnancy loss. The study was a multicenter pro-
spective, open label, randomized trial where 
patients were assigned to receive a total daily 
dose of enoxaparin 40 mg or 80 mg (40 mg twice 
daily). A total of 180 women were enrolled in the 
study. There were no differences in post-partum 
bleeding instances, or thrombotic episodes, 
between the two groups. The authors concluded 
that both 40 mg/day or 80 mg/day regimens were 
well tolerated and that either dosing regimen 
could be used [19]. The American College of 
Obstetricians and Gynecologists (ACOG) recom-
mends utilizing once daily LMWH dosing for 
prophylactic indications. When treatment doses 
are required, ACOG and ACCP guidance recom-
mend utilizing weight adjusted dosing. 
Observational data evaluating once daily or twice 
daily weight adjusted doses have shown differ-
ences in efficacy: twice daily dosing may be pre-
ferred secondary to changes in the volume of 
distribution and increases in glomerular filtration 
rate as pregnancy progresses. Patient specific 
preferences should additionally be considered to 
ensure compliance with the prescribed regimen.

Monitoring recommendations vary depending 
on indication and possible need for dose 
increases. Routine monitoring of anti-factor Xa 
(anti-Xa) levels may not be required in those with 
normal renal function [9]. Indications to monitor 
anti-Xa levels in pregnant patients include recur-
rent thrombosis, mechanical heart valves, and 
high (>90 kg) or low (<50 kg) body weight [20]. 
If required, anti-Xa levels should be drawn 4–6 h 
after injection and doses adjusted to maintain an 
anti-Xa level of 0.6–1 units/mL for a twice daily 
regimen. Higher anti-Xa levels of 0.8–1.6 units/
mL may be required if once daily weight adjusted 
regimens are utilized. Peak anti-Xa levels for 
patients with mechanical heart valves should be 
maintained between 0.8 and 1.2 units/mL.

Near the time of delivery, LMWH should be 
discontinued 12–24 h prior to induction of labor. 
Another option is to transition the patient over to 
intravenous UFH due to its shorter duration of 
action and reversibility [21].
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 Non-Heparin Anticoagulants

 Warfarin

Warfarin crosses the placenta and is associated 
with adverse fetal outcomes such as fetal loss, 
fetal bleeding, and teratogenicity. In a systematic 
review evaluating the use of oral anticoagulant 
during pregnancy in patients with mechanical 
heart valves, warfarin embryopathy occurred in 
6.4% of patients. The authors observed when 
heparin replaced warfarin for weeks 6–12 or 
replaced warfarin with heparin for the duration 
of the pregnancy, it decreased the occurrence of 
adverse fetal outcomes. Bleeding occurred in 
2.5% of those included for analysis and most of 
the bleeding episodes were related to delivery. In 
data from the European Network of Teratology 
Services (ENTIS), the odds of major birth 
defects associated with vitamin K antagonist 
exposure during the first trimester was 3.86 
(1.86–8.00). The most common fetal abnormali-
ties include midfacial hypoplasia, stippled 
epiphyses, and central nervous system malfor-
mation. Adverse fetal outcomes related to warfa-
rin appear to be dose-related. In a study of 52 
pregnant patients with mechanical valves receiv-
ing warfarin anticoagulation, pregnancy loss 
occurred in 23 of 71 pregnancies. Daily doses of 
warfarin greater than 5  mg were significantly 
associated with poor pregnancy outcomes [22]. 
In another retrospective analysis in the same 
patient population comparing warfarin to a com-
bination of heparin and warfarin, the authors 
found that those who required more than 5 mg 
daily of warfarin had significantly worse out-
comes [23]. A more recent meta-analysis 
included 51 studies with a total of 2113 pregnan-
cies and 1538 women. Congenital fetal anoma-
lies occurred in 2.13% (1.34–3.33%) of live 
births in those who used vitamin K antagonist 
therapy throughout the pregnancy. Congenital 
fetal abnormalities occurred in 0.74% (0.19–
2.33%) in those that utilized a combination of 
heparin and vitamin K antagonist therapy. The 
risk of fetal wastage in the vitamin K antagonist 
group was 32.53%. In the low dose subgroup, 
the risk of fetal wastage was 19.23%. The high-

est rate of fetal wastage was in the UFH group at 
53.62% (41.28–65.55).

Based on this data, if warfarin must be uti-
lized, it is ideal to maintain a daily dose of less 
than 5  mg/day to decrease the risk of adverse 
fetal outcomes. Exposure during weeks 6–12 
appear to correlate with the highest risk of birth 
defect development. During this time period, it 
may be reasonable to consider an alternative anti-
coagulant such as a LMWH. Several guidelines 
recommend limiting the use of vitamin K antago-
nists to use in pregnant woman with mechanical 
heart valves only [20].

 Parenteral Direct Thrombin Inhibitors

Argatroban and bivalirudin are parenteral direct 
thrombin inhibitors. Case reports exist on the 
use of argatroban during pregnancy. The first is 
a report of a 35-year-old female who underwent 
an emergency pulmonary embolectomy where 
argatroban was utilized as the anticoagulant 
during cardiopulmonary bypass. The second 
case report is a 26-year-old female with portal 
vein thrombosis who was treated with argatro-
ban from week 33 of pregnancy through week 
39. The argatroban infusion was stopped 7  h 
before epidural anesthesia. The patient did not 
experience increased blood loss and had an 
uneventful birth [24]. Currently there are no 
published reports on the use of bivalirudin in the 
medical literature.

 Fondaparinux

Fondaparinux is a synthetic pentasaccharide that 
acts by binding to antithrombin and inactivates 
factor Xa. It has been suggested that fondaparinux 
may be an alternative in pregnant patients who 
cannot tolerate administration of heparins. With 
the removal of danaparoid from the United States 
market, fondaparinux may be the only alterna-
tive. There is data to suggest that fondaparinux 
may cross the placenta and exhibits measurable 
anti-Xa activity in umbilical blood [25]. The 
ACCP guidelines recommend that fondaparinux 
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may be considered in those who cannot receive 
danaparoid for the treatment of HIT [9].

In a review of 65 cases where fondaparinux 
was used in pregnancy, no cases of major bleed-
ing were identified. Spontaneous abortions 
occurred in 18 cases, preterm rupture of mem-
branes in one case, preeclampsia in one case, and 
intrauterine growth retardation in two cases. The 
authors conclude that larger population studies 
are required to confirm their findings. They also 
state one case resulted in multiple fetal abnor-
malities at a rate of 1.5%, which is much higher 
than the general population rate of 0.16%. The 
authors reiterate caution interpreting these results 
that fondaparinux may be safe during pregnancy. 
They also recommend limiting its use only to 
patients who require management of HIT or 
those with severe allergic reactions to LMWH in 
line with recommendations from the ACCP.

Prophylactic dosing of fondaparinux is 2.5 mg 
daily. Treatment doses for deep vein thrombosis 
(DVT) or pulmonary embolism (PE) are 7.5 mg 
daily. When patients weigh more than 100 kg, the 
dose should be increased to 10  mg daily; and 
when they are less than 50 kg, the dose should be 
decreased to 5 mg daily. Fondaparinux is not rec-
ommended to be used in those with a creatinine 
clearance of less than 30 mL/min as it is excreted 
unchanged in the urine.

 Direct Acting Oral Anticoagulants

Direct acting oral anticoagulants (DOACs) have 
become first line agents for anticoagulation for 
indications such as atrial fibrillation and 
VTE.  Efficacy and safety data for DOACs in 
pregnancy is lacking. Medications in this class 
include dabigatran, rivaroxaban, apixaban, 
edoxaban, and betrixaban. DOACs have been 
shown to cross the placenta in animal models 
and in placental models [20]. Because placental 
transfer is possible, there is increased risk of 
teratogenicity and poor fetal outcomes. The 
International Society on Thrombosis and 
Hemostasis (ISTH) recommends avoiding the 
use of DOACs in pregnant women, in those 
women planning to become pregnant, and in 

breastfeeding patients [26]. A systematic review 
evaluating the use of DOACs in pregnancy 
included a total of 357 reports and 233 unique 
reports. The 137 cases with pregnancy outcomes 
included 67 live births, 31 miscarriages, and 39 
elective terminations. Abnormalities were 
reported in 7 cases, 3 of which may be classified 
as embryopathy. Until more data becomes avail-
able concerning the risk of maternal and fetal 
outcomes, DOACs should not be used during 
pregnancy. If a patient becomes pregnant while 
taking a DOAC it is reasonable to switch the 
patient to a LMWH [26].

 Antiplatelets

 Aspirin
Aspirin is one of the most prolific antiplatelet 
agents available. The use of salicin-containing 
willow bark for the relief of pain has been docu-
mented as far back as ancient Greece where 
Hippocrates recommended it for the relief of pain 
from childbirth. The active ingredient in willow 
bark was discovered in 1828 by Johann Buchner 
[27]. Aspirin exerts its antiplatelet effects by 
inhibiting the production of thromboxane A2 
within platelets. When taken orally, aspirin is 
rapidly absorbed in the stomach and small intes-
tine. Ideal absorption of aspirin occurs in the 
stomach at a pH between 2.15 and 4.10. 
Absorption through the small intestine occurs at 
a much faster rate compared to absorption 
through the stomach. Aspirin crosses the placen-
tal barrier (Package insert Aspirin).

There are no controlled trials evaluating the 
safety and efficacy of aspirin for stroke preven-
tion in pregnant woman. Observational data sug-
gests that use of low-dose aspirin appears to be 
safe in pregnant women after the first trimester. 
Results of a meta-analysis conducted to evaluate 
the use of aspirin for the prevention pre- 
eclampsia in those with historical risk factors for 
development of preeclampsia included 14 clini-
cal trials with a total 12,416 woman. Aspirin use 
was shown to decrease perinatal death and pre-
eclampsia. Aspirin was also associated with a 
reduction in the number of spontaneous preterm 
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births and an increase in birthweight. From a 
safety standpoint, the authors did not identify 
increased rates of antepartum bleeding or pla-
cental abruption [28]. Another study that evalu-
ated the use of aspirin at a dose of 150 mg daily 
for the prevention of preeclampsia in high risk 
pregnancies beginning in weeks 11–14 and con-
tinued until 36 weeks did not demonstrate a dif-
ference in adverse events such as maternal 
bleeding between the two groups. No difference 
in neonatal adverse events were noted as well. 
However, increased utilization of maternal blood 
transfusion was identified in a separate trial. 
The U.S.  Preventative Services Task Force 
evaluated the use of aspirin for the prevention 
of morbidity and mortality from preeclampsia. 
The authors did not find an association between 
short term harms and aspirin use. The authors 
did not identify any long term outcomes associ-
ated with low dose aspirin use, however, the 
data are limited [29].

For the most part, the use of low-dose aspirin 
in pregnancy should be limited to the second and 
third trimester. A majority of the data available 
on the use of aspirin during pregnancy is during 
the period of 12–28 weeks. There are exceptions 
where aspirin may be utilized for the prevention 
of early pregnancy loss. A possible link of aspirin 
use during the first trimester and gastroschisis 
has been reported. However, the dose of aspirin is 
not noted in this study, therefore the data may not 
be applicable to low-dose aspirin [30]. Another 
study of 1228 woman, with 615 of these patients 
receiving low dose aspirin preconception, did not 
find an increased risk of neonatal or fetal adverse 
events [31].

The timing of aspirin discontinuation near 
delivery has not been linked to maternal or fetal 
bleeding. The timing of low-dose aspirin discon-
tinuation differed with variability of timing from 
36  weeks through delivery. The ACOG guide-
lines recommend the use of low-dose aspirin for 
the prevention of preeclampsia in woman at high 
risk beginning between weeks 12 and 28. 
Additionally, the committee recommends that 
woman who were previously on aspirin for other 
indications prior to 12  weeks may continue to 
take low-dose aspirin.

 Clopidogrel
Clopidogrel is an irreversible P2Y12 inhibitor 
with FDA approved indications for patients with 
acute coronary syndrome. Clopidogrel is a pro-
drug that requires activation by the CYP2C19 to 
inhibit platelet function. Patients with genetic 
variations in the CYP2C19 system may experi-
ence decreased effectiveness of clopidogrel. 
Additionally, concomitant use with strong inhibi-
tors of CYP2C19, such as omeprazole, decrease 
the effectiveness of clopidogrel. To avoid this 
drug interaction, administration of clopidogrel 
must be separated from omeprazole by 12 h or an 
alternative acid suppressive regimen should be 
utilized.

The FDA has assigned clopidogrel to preg-
nancy category B.  Clinical trial data regarding 
clopidogrel use in the pregnant patient is essen-
tially non-existent, especially for neurovascular 
indications. Data for other indications in preg-
nant patients will be discussed. Most of the data 
that is currently available includes those with 
myocardial infarction.

In the clopidogrel labeling, reproductive stud-
ies on animals have been conducted where doses 
of 62 and 78 times the recommended human dose 
were administered to rats and rabbits, respec-
tively, and failed to demonstrate fetotoxicity. It is 
not known if clopidogrel or any of its metabolites 
cross the placenta [32].

Major adverse events associated with clopido-
grel use are bleeding and thrombotic thrombocy-
topenic purpura. The CURE trial evaluated the 
use of clopidogrel in the treatment of non-ST 
elevation myocardial infarction in 12,562 
patients. The CURE trial compared clopidogrel 
plus aspirin to placebo plus aspirin and deter-
mined that major bleeding occurred more fre-
quently in the clopidogrel plus aspirin group. It is 
important to note that 92% of the patients in this 
trial received other anticoagulants. Major bleed-
ing occurred in 3.7% in the treatment group com-
pared with 2.7% in the placebo group (p < 0.001). 
However, the occurrence of fatal bleeding and 
intracranial bleeding were not statistically sig-
nificantly different between the two groups. The 
most common type of major bleeding reported 
was gastrointestinal bleeding and bleeding at 
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puncture sites. The proportion of patients that 
required transfusions greater than 4 units of blood 
was 1.2% in the treatment group. The POINT 
study evaluated the use of clopidogrel and aspirin 
vs. aspirin monotherapy initiated within 12 h for 
the prevention of stroke in those who experienced 
a high-risk TIA or minor stroke. A total of 4681 
patients were enrolled in the point trial with a 
total follow-up time of 90 days. The primary end-
point was a composite of ischemic stroke, myo-
cardial infarction or ischemic vascular death. The 
major adverse events noted in this study were 
major hemorrhage of 0.9% in the treatment group 
vs. 0.4% in the placebo group (Hazard ratio, 
2.32; 95% CI, 1.10–4.87; P = 0.02), hemorrhagic 
stroke of 0.2% in the treatment group vs. 0.1% in 
the placebo group (Hazard ratio, 1.68; 95% CI, 
0.40–7.03; P = 0.47) and symptomatic intracere-
bral hemorrhage which was not statistically dif-
ferent between the groups. Minor hemorrhage 
was statistically significantly different in the 
treatment group vs. the placebo group. (1.6% vs. 
0.5%; Hazard ratio, 3.12; 95% CI 1.67–5.83; 
P < 0.001).

The European Society of Cardiology recom-
mends clopidogrel can be used during preg-
nancy for the shortest duration possible [33]. 
Clopidogrel must be discontinued at least 7 days 
prior to any planned neuraxial anesthesia to 
decrease the risk of epidural hematoma. 
Numerous case reports have been published 
demonstrating the use of clopidogrel during 
pregnancy. A recent case report and systematic 
review described the use of clopidogrel for sec-
ondary stroke prophylaxis in a 33-year-old preg-
nant patient. The patient was being treated for 
secondary stroke prevention by her neurologist 
with clopidogrel 75  mg daily for the prior 7 
years. The patient presented to the emergency 
department for delivery. Clopidogrel was held 
for 1 week prior to scheduled vaginal delivery. 
Labor was initiated with neuraxial anesthesia 
with successful delivery and minimal blood 
loss. No post- partum hemorrhage occurred and 
clopidogrel was reinstated 12 h after delivery. A 
systematic review published in 2014 included 
data for a total of 13 patients treated with clopi-
dogrel for secondary stroke prophylaxis. Most 

of the patients (10 of 13) included in this analy-
sis did not receive clopidogrel during the first 
trimester of pregnancy. Fetal complications 
noted in the review of the patients included one 
fetal death, one patent foramen ovale (PFO), 
restrictive muscle communication, and moder-
ate mitral insufficiency. Notably, all the patients 
in this review received clopidogrel for non-neu-
rologic indications.

 Ticagrelor
Ticagrelor acts on the platelet P2Y12 ADP- 
receptor to reversibly inhibit platelet function. 
Ticagrelor may be taken with or without food and 
reaches a peak level of absorption in 1.5 h. It is 
metabolized by the CYP3A4 system to its active 
metabolite. Dosage adjustments are not required 
for hepatic or renal impairment, however, there is 
little experience administering ticagrelor to those 
with moderate hepatic impairment. The primary 
route of elimination is via hepatic metabolism 
with a mean half-life of approximately 7 h for the 
parent compound ticagrelor and 9 h for the active 
metabolite.

Ticagrelor is classified as a pregnancy cate-
gory C. Doses of 20–300 mg/kg/day have been 
administered to evaluate reproductive effects. 
Doses of 300 mg/kg/day resulted in adverse out-
comes such as supernumerary liver lobes and 
ribs, incomplete ossification of the sternebrae and 
displaced articulation of the pelvis. When ticagre-
lor was administered to rabbits, adverse out-
comes occurred in offspring with a dose of 
63 mg/kg/day (Package Insert Ticagrelor).

Clinical data regarding the use of ticagrelor in 
pregnant women is sparse and limited to case 
reports. One case report describes the utilization 
of ticagrelor in the treatment of acute myocardial 
infarction in a 37-year-old woman at 27 weeks of 
gestation. The patient had a history of hyperten-
sion and hyperlipidemia. She was admitted to the 
hospital for treatment of an anterior wall myocar-
dial infarction. She was treated with aspirin, 
enoxaparin and ticagrelor. Due to residual throm-
bus during PCI, she was further treated with hep-
arin and tirofiban. Subsequently, 12 weeks later 
she was admitted for an elective Cesarean sec-
tion. Both aspirin and ticagrelor were  discontinued 
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5 days prior to the procedure. The patient under-
went bridging with tirofiban, which was discon-
tinued 4 h prior to the procedure. A healthy baby 
was delivered, but a subtotal hysterectomy to 
control post-partum hemorrhage was required. 
The authors reported at 27 months post-delivery 
that no obvious adverse effects were noted in the 
child [34]. A second case reports the use of 
ticagrelor throughout the duration of pregnancy. 
A 37-year-old pregnant woman with Bechet’s 
disease presented and was being treated with 
ticagrelor for a previous non-ST elevation myo-
cardial infarction with ticagrelor 90  mg twice 
daily. The patient had additional risk factors of 
smoking and hypertension. Additional medica-
tions on presentation included perindopril and 
cyclosporine, which were discontinued. Other 
medications continued through pregnancy 
included aspirin, prednisolone, and colchicine. 
Ticagrelor was continued for a total of 8 months 
up until 7  days before planned delivery. The 
patient had an uneventful delivery. No significant 
events were noted during the post-partum period.

In summary, ticagrelor does not have enough 
information to recommend its use during preg-
nancy for either neurologic or non-neurologic 
indications. Moreover, data from animal studies 
have demonstrated adverse fetal outcomes.

 Prasugrel
Prasugrel is a P2Y12 platelet inhibitor approved 
by the FDA to reduce thrombotic events in those 
with acute coronary syndromes managed with 
PCI. There are no adequately controlled trials to 
evaluate the use of prasugrel in pregnancy for 
neurologic or non-neurologic indications. When 
administered to rabbits and rats at doses of 30 
times the recommended human dose, no struc-
tural abnormalities were observed.(Effient 
Package insert) There is a case report of a 
32-year-old African American woman being 
treated with prasugrel for acute coronary syn-
drome. The date of conception is unclear, so it 
could not be determined with certainty, therefore, 
the duration of prasugrel exposure. Prasugrel was 
continued up until week 38 of the pregnancy and 
discontinued 5  days prior to planned delivery. 
The patient underwent an uneventful Cesarean 

delivery. The patient did not experience any 
bleeding complications. However, utilization of 
prasugrel is still not recommended during preg-
nancy due to limited evidence [33].

 Tissue Plasminogen Activator (tPA)

Alteplase (tPA) has a large molecular weight and, 
therefore, will most likely not cross the placenta. 
Alteplase was administered to rabbits during 
organogenesis and demonstrated to be embryo-
cidal. When alteplase was administered at doses 
of 1 mg/kg to rabbits, no fetal or maternal toxic-
ity was observed. There are no randomized con-
trolled trials evaluating the use of alteplase in 
pregnancy. Observational data regarding the use 
of alteplase in acute ischemic stroke will be dis-
cussed below.

In data presented at the International Stroke 
Conference, one study utilized claims data to 
identify pregnant patients with acute ischemic 
stroke. Between 2005 and 2012, 428,564 women 
with stroke were identified; of those, 599 were 
pregnant. A total of seven pregnant patients 
received IV tPA.  A significantly higher rate of 
abortive pregnancies was identified in the tPA 
group (28.6% vs. 4.6%). No other differences in 
terms of discharge disposition, length of stay or 
in hospital mortality were identified [35]. In 
another review, 18,932 pregnant stroke patients 
were identified, with 70 patients receiving 
alteplase. Of the patients that received alteplase, 
55 (78.6%) were discharged home and 5 (7.1%) 
died [36]. In a third population study, 2603 preg-
nant patients were identified, with 56 (2.2%) 
receiving alteplase. The reported rates of intra-
cranial hemorrhage were similar; however, mor-
tality was higher in the tPA group. The reason for 
the higher mortality rate in the treatment group 
remains unclear.

In a study utilizing data from the American 
Heart Association’s Stroke Registry, data from 
338 pregnant or post-partum women were iden-
tified. Administration of reperfusion therapy 
was similar between the pregnant and post-par-
tum group vs. the non-pregnant group (11.8% 
vs. 10.5%). Pregnant or post-partum women 
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were, however, less likely to receive intrave-
nous tPA compared to non-pregnant patients 
(4.4% vs. 7.9%). The authors state there was a 
trend toward higher rates of symptomatic intra-
cranial hemorrhage in the pregnant and post-
partum group compared to non-pregnant 
patients, but the difference was not statistically 
significant (7.5% vs. 2.6%, P  =  0.06) for all 
reperfusion therapy types. In pregnant patients 
who received alteplase monotherapy (n = 15), 
outcomes were similar; one experienced a 
symptomatic intracranial hemorrhage. This 
study is limited by the lack of data on preg-
nancy outcomes [37].

A recent systematic review of the use of 
alteplase for acute ischemic stroke in pregnant 
patients included 26 articles for analysis. Of the 
cases that were included, 27 reported neurologic 
improvement and no fetal complications. 
Alteplase was administered in the first trimester 
in 13 of the reported cases. Negative outcomes in 
the mother, fetus or both occurred in five cases. 
Hemorrhagic transformation was reported in 
three cases [38].

Virtually all the data available to make treat-
ment decisions on the use of alteplase in preg-
nancy for acute ischemic stroke is derived from 
case reports. Current recommendations from the 
American Heart Association recommend IV 
alteplase to be considered for pregnant patients 
when the anticipated benefits of treating moder-
ate or severe stroke outweigh the risk of uterine 
bleeding [39].

 Summary

Selecting the appropriate anticoagulant during 
pregnancy represents a clinical challenge, neces-
sitating an evaluation of potential benefit and 
consideration for risk to baby and mother alike. 
LMWHs may safely be used in pregnancy if the 
appropriate precautions are taken. Low-dose 
aspirin has data supporting its use in pregnancy 
for prevention of preeclampsia. Data for other 
anticoagulant, antiplatelet and antithrombotic 
therapy are generally limited to case reports and 
few limited controlled trials.
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16Evaluation and Management 
of Altered Mental Status and Coma 
in the Pregnant Patient

Roger Cheng

 Introduction

Altered mental status (AMS) and impaired con-
sciousness is a frequent driver for hospital admis-
sion, and in the pregnant patient, the presence of 
a fetus both increases the need for urgent diagno-
sis and management while potentially complicat-
ing this process. Though women of child-bearing 
age are rarely plagued by the life-threatening 
neurologic disorders more commonly seen in the 
general population, pregnancy is associated with 
unique neurologic complications, and when they 
do occur, morbidity and mortality can be 
extremely high, with disorders affecting the cen-
tral nervous system implicated in around 15% of 
cases of maternal mortality in the USA [1]. As 
such, rapid evaluation, diagnosis, and manage-
ment of a patient presenting in a pregnant state is 
essential, while always considering the impact of 
both diagnostic tests and potential treatments on 
the well-being of the mother and unborn child.

 Initial Approach

A basic algorithm to the initial approach to an 
obstetric patient presenting with coma or altered 
mental status is outlined schematically in Fig. 16.1.

 History

While patients who present to the hospital with 
altered sensorium will be unlikely to provide use-
ful information about their condition, establish-
ing a basic clinical course from alternate sources 
of information remains crucial. In particular, the 
rate of onset/progression can immediately guide 
the clinician’s diagnostic focus, with sudden 
onset presentations necessitating rapid workup 
for cerebrovascular conditions such as cerebral 
hemorrhage, acute ischemic stroke, or venous 
sinus thrombosis. Conversely, a more gradual 
deterioration over hours or days may prompt the 
clinician to undergo a more in-depth evaluation 
for a toxic/metabolic or infectious cause if initial 
findings are non-revealing. Information regard-
ing a patient’s baseline comorbidities, such as 
diabetes or known epilepsy, for example, may be 
helpful in narrowing the differential. In the preg-
nant patient, the obstetric course and history, as 
well as information regarding current and past 
complications of pregnancy such as preeclampsia 
and hypercoagulability, will further provide 
insight into the patient’s presentation.

 Physical Examination

 Vital Signs
In addition to the crucial role that vital signs play 
in the evaluation and management of any poten-
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APPROACH TO THE OBSTETRIC PATIENT WITH ALTERED CONSCIOUSNESS

Vital signs
GCS

Fingerstick glucose
CBC, CMP

UA, tox screen

Manage ABCs, 
elevated ICP

Severe hypertension?

Possible preeclampsia
Initial BP <180/100 mmHg until 
evaluated for ischemia or ↑ICP*

Magnesium sulfate infusion
Assess for PRESYes

Focal neurologic deficit?CT HEADAcute/rapid 
onset?

Other structural lesions
MRI if indicated

Endocrine labs for pituitary lesion
Manage according to diagnosis

SAH, vascular 
malformation

Hematoma 
(ICH)

Diffuse/venous 
pattern

Seizure?

Hemorrhage

Normal

Yes

Consider acute ischemic 
stroke

Evaluate for IV thrombolysis

CTA Head 
and Neck

Proceed to conventional angiography and 
neurointervention as indicated

Critical care management

Tighten BP control
SBP 100-140 mmHg

Consider MRI, CTA, or MRV for 
etiology if atypical

Critical care management

No Yes

Possible eclampsia
Manage status epilepticus

Magnesium sulfate infusion
Continuous EEG

Assess for history of epilepsy 
and medication compliance

Consider PRES **
BP <140/90 mmHg, lower if 

cerebral perfusion maintainable
Magnesium sulfate infusion

MRI for diagnosis

MRV or 
CTV head

Cerebral venous 
sinus thrombosis

Therapeutic 
anticoagulation

Normal

Abnormal

Normal

Yes

No

Fever?

No

No

Consider 
meningitis or 
encephalitis

Empiric coverage
Lumbar puncture

Yes

Toxic/metabolic encephalopathy
Detailed lab/systemic assessment

Consider MRI and/or EEG

No

Other 
abnormality

Primary psychiatric 
conditions

Diagnosis of exclusion

Abnormal

Fig. 16.1 A sample initial diagnostic algorithm for eval-
uation and management of a pregnant patient arriving 
with coma or altered mental status. *Rationale for delayed 
lowering of blood pressure is explained in the section on 
“Initial Management.” **PRES can be considered a com-
mon pathway of injury in preeclampsia and eclampsia and 
should be presumed to exist when a severely encephalo-
pathic patient presents with either state. ABCs airway, 

breathing, circulation, BP blood pressure, CBC complete 
blood count, CMP comprehensive metabolic panel, CT 
computed tomography, CTA CT angiography, CTV CT 
venography, EEG electroencephalography, GCS Glasgow 
Coma Scale, ICP intracranial pressure, MRI magnetic 
resonance imaging, MRV magnetic resonance venogra-
phy, PRES posterior reversible encephalopathy syndrome, 
SBP systolic blood pressure, UA urinalysis

tially critically ill patient, vital sign patterns may 
provide some insight into the underlying diagno-
sis. Unstable vital signs and shock will result in 
 alteration of consciousness regardless of underly-
ing etiology or presence of a primary neurologic 
injury. Heart rate may vary with any number of 
normal/abnormal physiologic states as well as 
intoxications, however, in a patient with neuro-
logic injury, tachycardia is frequently associated 
with the increased sympathetic outflow seen dur-
ing cerebral hemorrhage (ICH or SAH). In com-
bination with increased blood pressure, this may 
be part of a normal compensatory response to 
decreased cerebral perfusion (i.e., ischemia) or 
increased cerebral metabolic demand. However, 

note that there is a normal increase in heart rate 
seen during pregnancy as gestation progresses 
due to the need for increased cardiac output (CO), 
up to 20  bpm above baseline by 32  weeks [2]. 
Conversely, bradycardia when seen concomi-
tantly with hypertension may be a sign of 
increased intracranial pressure (ICP). Hyper- and 
hypothermia may suggest underlying infection or 
metabolic derangement.

 Neurologic Examination
Mental Status If possible, a rapid evaluation of 
the patient’s mental status should be done on 
arrival, prior to treatment that may subsequently 
confound the clinical picture. Use of a standard-
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ized tool such as the Glasgow Coma Scale (GCS) 
or similar alternatives will help to quickly risk 
stratify, determine need for immediate 
 interventions such as intubation, as well as help 
facilitate communication between members of 
the medical team. A systematic approach to men-
tal status evaluation may in some cases also help 
to reveal coma mimics such as quadriparesis, 
where the patient may not be comatose at all.

Cranial Nerves Examination of brainstem 
reflexes may be the most reliable and specific 
tool for the clinician in a comatose patient. 
Pupillary responses are preserved even in the set-
ting of sedation and neuromuscular blockade, 
and as such, may be the only available clue as to 
the underlying pathology. Miotic, reactive pupils 
may be seen in opiate intoxication or as a sign of 
a pontine lesion. By contrast, dilated pupils may 
be seen with anticholinergic toxicity. Progressive 
or unilateral pupillary dilation should be an 
immediate cue for the clinician to evaluate for 
and treat potential brain herniation and increased 
ICP.  Horizontal nystagmus is common and can 
be the result of multiple etiologies, while vertical 
nystagmus is generally abnormal and indicative 
of brainstem dysfunction, whether structural or 
toxic. Dysconjugate eye position should raise 
concern for a structural brainstem lesion. Gaze 
deviation may suggest unilateral hemispheric 
dysfunction resulting from acute ischemia, a 
mass lesion, or seizure/post-ictal state, and 
should prompt evaluation for other signs of uni-
lateral injury such as a facial droop (i.e., asym-
metric grimace to pain) or hemiparesis.

Motor Examination While cooperation may be 
limited, observation and evaluation of motor 
response to noxious stimulus is nonetheless help-
ful. A patient presenting with altered sensorium 
but with preserved spontaneous or higher-level 
motor responses to stimulus (i.e., withdrawal or 
localization) is more likely to have a toxic/meta-
bolic etiology that results in diffuse brain dys-
function. Conversely, there should be high 
suspicion for a focal, structural lesion in patients 
with asymmetric weakness (hemiparesis or para-
paresis) or abnormal posturing. Signs of physical 

injury to the extremities (bruising, fractures, etc.) 
should prompt a careful examination for brain 
and spinal trauma as well.

 Initial Stabilization

It goes without saying that a patient must be sta-
bilized prior to embarking on the quest for a 
definitive diagnosis, and this includes neurologic 
stabilization in addition to airway, breathing, and 
circulation. If there is concern for trauma to the 
neuroaxis, spine precautions should be main-
tained. Signs of increased ICP or impending 
brain herniation (i.e., hypertension with brady-
cardia, unilaterally unresponsive pupil/CN III 
palsy) must trigger prompt, empiric intervention 
(i.e., elevation of head of bed and hyperosmolar 
therapy) prior to diagnostic imaging. As neuro-
critical care and neurosurgical interventions rel-
evant to specific conditions are covered separately 
in this book, there will not be detailed discussion 
in this chapter. However, a few elements specific 
to the care of a patient presenting with coma 
deserve emphasis.

 Airway Management
While it is often good clinical practice to secure 
the airway early in a patient with altered menta-
tion and at risk of losing spontaneous airway 
control, it is prudent to make an extra, critical 
assessment of the need for intubation in the 
pregnant patient rather than relying on a blanket 
parameter such as GCS  ≤  8. The increased 
physiologic demands in pregnancy may increase 
the risk of potential complications from intuba-
tion and mechanical ventilation, such as precipi-
tation of heart failure and acute respiratory 
distress syndrome (ARDS) [2, 3], in addition to 
any adverse effects of fetal exposure from the 
medications necessary to maintain this state. If 
the airway can be protected temporarily (i.e., 
with lateral positioning) with non-invasive 
delivery of oxygen, early results from initial 
workup may reveal rapidly reversible causes of 
coma (for example, opiate overdose, hypoglyce-
mia, or a post-ictal state) that may preclude the 
need for intubation.
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 Blood Pressure Management
Severe hypertension, typically associated with 
eclampsia/preeclampsia, is specifically impli-
cated in multiple pathologic processes during 
pregnancy which lead to neurologic injury, 
although hypotension can be just as detrimental. 
As pregnancy progresses, fetal demands on the 
maternal circulation with regard to need for addi-
tional cardiac output and an increased global 
oxygen consumption [2] means that the injured 
brain may be especially sensitive to systemic 
hemodynamic changes that result in decreased 
cerebral blood flow (CBF) and, therefore, oxygen 
delivery. This is especially true if there is 
increased ICP, as cerebral perfusion pressure 
(CPP), and by extension, CBF, is dependent on 
the gradient between mean arterial pressure 
(MAP) and ICP (CPP  =  MAP-ICP). In acute 
ischemic stroke, hypotension may likewise com-
promise collateral circulation to the ischemic 
penumbra of an affected region, potentially 
accelerating expansion of the infarct core and 
decreasing the efficacy of subsequent reperfusion 
procedures. This may be further compounded by 
the baseline hypocapnia/respiratory alkalosis 
seen in pregnancy [4], which may already result 
in cerebral vasoconstriction and affect normal 
compensatory autoregulation. As such, while 
severe hypertension should be immediately 
addressed, it may be prudent to slightly delay 
more aggressive BP lowering until structural 
lesions are ruled out.

 Intracranial Pressure Management
Most neurocritical care interventions for ICP 
remain valid in a pregnant patient, however con-
siderations must be made for her unique physiol-
ogy. For example, increased circulating volume 
(up to 45% above baseline [2]) may necessitate 
increased doses of osmotic agents to achieve the 
same gradient for treatment of elevated ICP.  In 
the same scenario, the previously mentioned 
baseline hypocapnia (PaCO2 around 32 mmHg) 
makes hyperventilation a particularly risky inter-
vention for both the mother as well as the fetus 
due to potentially decreased cerebral and uterine 
blood flow at even lower values [5].

 Initial Studies

 Laboratory
A point of care (POC) fingerstick glucose test 
should be obtained at the first opportunity (i.e., 
with vital signs and initial assessment) as hypo-
glycemia is a common and readily treatable cause 
of altered mental status. Minimum initial labora-
tory studies should include a complete blood 
count (CBC) and complete metabolic panel 
(CMP) covering electrolytes (including calcium), 
renal function tests, and liver function tests 
(LFTs). Patients who present febrile, or with 
other suspicion of infection, should have blood 
cultures. Urinalysis may also be helpful for an 
infectious workup, and while proteinuria is one 
of the diagnostic criteria for preeclampsia, it is 
notable that absence of this does not preclude the 
diagnosis per ACOG guidelines [6]. A urine toxi-
cology screen may be considered in a patient pre-
senting with unknown history and circumstances, 
though it should be noted that only a very small 
set of commonly encountered intoxicants will be 
detected on a rapid screen, and there are multiple 
hospital interventions on a critically ill patient, in 
particular sedatives and opiates, which may 
potentially confound the results. For these rea-
sons, some advocate against its routine use [7]. 
Arterial/venous blood gases can be considered in 
cases of suspected poisonings or to guide 
mechanical ventilation, but for evaluation of 
respiratory status, there is likely already suffi-
cient, actionable diagnostic information from 
other real-time monitoring sources (pulse oxim-
etry, capnography, and exam).

 Imaging
The role of imaging will vary by diagnosis/sus-
pected diagnosis, as will be subsequently dis-
cussed. In general, a CT scan of the head will be 
indicated if there is suspicion for a structural 
lesion, along with contrast CT angiography 
(CTA) if a cerebrovascular disorder is suspected. 
While in theory, an MRI is preferable due to 
increased resolution of brain structures and lack 
of radiation exposure, the amount of time required 
for a usable image (minutes at best compared 
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with seconds for a CT) during which a potentially 
unstable patient is inaccessible to staff and in a 
magnetic environment which limits use of equip-
ment makes this an impractical option. Though it 
may be ultimately necessary, acute management 
decisions are largely made based on 
CT.  Additional factors regarding the safety of 
various imaging modalities are discussed later in 
this chapter. In addition, neuroradiologic consid-
erations for the pregnant patient are discussed in 
detail in Chap. 7.

Point of care ultrasound provides an interest-
ing additional tool for the assessment of a coma-
tose patient as it can be performed at bedside, 
however, the clinical effectiveness remains 
unclear. Measurement of optic nerve sheath 
diameter for the detection of elevated ICP has 
been widely reported, including specifically for 
use in evaluation of preeclamptic patients [8–10]. 
Likewise, transcranial doppler ultrasound (TCD) 
is a feasible method for detection of acute vascu-
lar occlusion in stroke, though this is highly 
dependent on a skilled operator [11]. However, 
the main limitation remains the inability to per-
form structural ultrasound imaging of the brain 
through the intact cranium of an adult, which still 
necessitates use of CT or MRI at some stage dur-
ing diagnosis.

 Diagnostic Process

 Focusing the Differential

Despite there being several pathologic etiologies 
unique to pregnancy which are responsible for a 
large proportion of the neurologic complications, 
it is nonetheless helpful to approach a comatose 
pregnant patient in the same way as one 
approaches coma in any other patient. A core 
tenet in neurology is to not to confuse localiza-
tion with an etiology, as premature focus on the 
latter can easily result in an anchoring bias and 
lead the clinician astray. As an example, one 
could imagine how a comatose, hypertensive 
pregnant patient with a normal appearing head 
CT could be sent down the pathway for manage-
ment of preeclampsia rather than basilar stroke if 

dysconjugate gaze and unilateral extensor postur-
ing were overlooked and a CTA was not obtained. 
As such, while it is tempting to skip over local-
ization and consider the myriad etiologies, it is 
essential to first determine whether a structural 
lesion can be implicated as the cause in any given 
presentation.

Structural causes for coma will usually be 
expected to also cause deficits that can be attrib-
uted to an anatomic region of the brain. 
Examples of this include cerebral infarction, 
intracranial hemorrhage, or mass lesions, which 
will cause specific deficits (hemiparesis, apha-
sia, etc.). There are metabolic processes which 
can cause structural lesions, however, with 
examples being prolonged seizures and enceph-
alitis, or severe metabolic derangements and 
posterior reversible encephalopathy syndrome 
(PRES) which can result in cerebral edema. 
Conversely, there are structural causes such as 
obstructive hydrocephalus which may not result 
in a readily localizable deficit. It is important to 
note that for a structural lesion to result in coma, 
it must either involve (or progress to involve) 
both hemispheres of the brain or cause dysfunc-
tion at a common pathway, most commonly the 
reticular activating system (RAS) in the dorsal 
pons and midbrain. As such, particular attention 
should be paid to examination of brainstem 
reflexes. When identified, most structural lesions 
causing acute alteration in mental status and/or 
coma will require neuroimaging and emergent 
intervention.

If there are no clear signs of a focal deficit, or 
a structural cause is ruled out, processes that cre-
ating diffuse neuronal dysfunction should be 
considered. These will include such disparate 
causes as shock, hypoxia, infection/sepsis, and 
metabolic derangements (hypo/hyperglycemia, 
hyponatremia, uremia, hyperammonemia, etc.), 
and various intoxications. Finally, there are enti-
ties which somewhat straddle both categories, 
which include PRES, a disorder of autoregulation 
and endothelial leak associated with preeclamp-
sia, and particularly important to consider in 
pregnancy, epilepsy, and psychiatric disorders. 
Table 16.1 illustrates some of the possible etiolo-
gies for coma and AMS in pregnancy.
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Table 16.1 Causes of coma and altered mental status in pregnancy 

Structural causes Mixed/other Toxic/metabolic causes
Ischemic stroke Preeclampsia/eclampsiaa Hypo/hyperglycemia
Intracranial hemorrhage PRES Hypo/hypernatremia
Cerebral venous sinus thrombosis Seizure and status epilepticus Hypo/hyperthermia
Tumor/mass/abscess Autoimmunity Shock
Hydrocephalus Quadriparesisb Hypoxia

Psychiatricb Infection
Endocrinopathy
Renal failure
Hepatic failure
Intoxication and poisoning

a Condition unique to pregnancy
b Coma mimics

 Structural Etiologies of Coma

 Acute Ischemic Stroke
While the rate of ischemic stroke (AIS) in preg-
nancy is approximately three times that which is 
otherwise expected in this age group, it fortu-
nately remains uncommon, estimated at around 
12.2/100,000 pregnancies [12]. Multiple factors 
can be implicated, including the known induction 
of a hypercoagulable state during pregnancy 
increasing the risk of both embolic and throm-
botic strokes, as well as increased incidence of 
hypertension leading to small vessel stroke. 
Unusual causes of stroke unique to pregnancy, 
such as amniotic fluid embolus, may also need to 
be considered. While altered consciousness may 
be a frequent finding in AIS, variably estimated 
between 4 and 38% in historical studies [13, 14], 
the degree of alteration reported in these studies 
can be hard to elucidate. For the anatomic rea-
sons noted above (need for bi-hemispheric 
involvement or damage to the RAS), it is likely 
that some other clinical finding suggesting stroke, 
such as hemiparesis, will be the dominant symp-
tom. In one study of the underlying causes of iso-
lated AMS at presentation, only 8/127 patients 
had their symptoms attributable to AIS, and of 
these, only 2 were determined to have no other 
focal deficit after more detailed neurologic exam-
ination [15].

As a cause of a patient truly presenting in 
coma, outside of a large, completed hemispheric 
infarct causing surrounding cerebral edema, or 

extensive bilateral infarctions, basilar artery 
occlusion is the most likely single lesion that can 
be implicated. Basilar occlusions are rare, esti-
mated at around 1% of stroke presentations [16], 
however due to very high morbidity and mortal-
ity if missed, the possibility must be carefully 
considered. Distal, “top of the basilar” occlusions 
are more likely to cause alterations in mental sta-
tus due to involvement of the midbrain and the 
RAS-thalamic-cortical pathway, and motor func-
tion may actually be largely preserved aside from 
gaze palsies; conversely, mid-basilar infarctions 
affecting the pons may cause quadriparesis while 
leaving consciousness and vertical eye move-
ments intact from collateral circulation from the 
Circle of Willis to the midbrain, resulting in 
“locked-in” syndrome which may initially be a 
coma mimic. More extensive occlusions may 
include combinations of all features [17]. Clinical 
exam should focus on examination of cranial 
nerves, particularly with attention to eye move-
ments, as well as for presence of “crossed signs” 
of contralaterally occurring cranial nerve and 
limb deficits suggesting involvement of the brain-
stem. CT imaging of the posterior fossa is very 
unreliable due to surrounding bony structures, 
and in the acute phase, would be expected to be 
normal regardless. There may, however, be subtle 
clues such as a dense vessel sign in the basilar 
artery on non-contrast images. Contrast CT 
angiogram of the head and neck should be per-
formed to assess for vessel patency if there is 
clinical suspicion. Current AHA/ASA guidelines 
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support IV thrombolytic therapy with alteplase 
during pregnancy in the correct circumstances 
[18], and mechanical thrombectomy may also be 

possible (Fig. 16.2). The detail approach to eval-
uation and management of AIS in pregnancy is 
discussed in Chap. 3.

a

b

Fig. 16.2 Biplane cerebral angiographic images of a 
22-year-old patient presenting with distal basilar (“top-of the 
basilar”) occlusion (a) and the same patient following suc-
cessful mechanical thrombectomy (b). The initial clinical pre-
sentation was confusion, which progressed to posturing of 

extremities and progressive coma, triggering concern for basi-
lar occlusion and transfer for thrombectomy. Post-reperfusion, 
the patient regained consciousness and was initially locked in, 
but subsequently regained voluntary movement in all her 
extremities over a period of several weeks
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 Cerebral Venous Sinus Thrombosis
Cerebral venous sinus thrombosis (CVST) is 
another thrombotic complication of pregnancy 
distinct from AIS, with an estimated incidence 
around 9.1/100,000 that is highest in the third tri-
mester and first post-partum month [12, 19]. The 
pathology is the inverse of that seen in AIS, with 
a failure of drainage of a given brain area rather 
than supply, which will result in vascular conges-
tion, cerebral edema, and hemorrhage. Seizures 
are also a frequent presenting symptom due to 
resulting cortical irritation. Extensive thrombosis 
or involvement of the superior sagittal sinus will 
affect drainage of both hemispheres, and there-
fore in contrast to arterial stroke, global alteration 
in mental status and coma may be a more com-
mon presenting sign. If there is no adequate col-
lateral drainage, CVST may also eventually lead 
to increased ICP and death. Diagnosis is con-
firmed via imaging; non-contrast CT images may 
sometimes show patchy areas of vasogenic 
edema and/or multifocal hemorrhage in a pattern 
not characteristic of arterial occlusion or bleed, 
and occasionally, increased density of cortical 
vein or sinus structures can be seen. Contrast CT 
venography (CTV) will show the opposite, an 
area of non-contrast filling within the venous 
sinus, and non-contrast MR venography (MRV) 
will show absence of a flow void. Treatment is 
with therapeutic anticoagulation even in the pres-
ence of hemorrhage, with intravenous unfraction-
ated heparin with transition to subcutaneous low 
molecular weight heparin (LMWH) through the 
remainder of pregnancy, and LMWH or transi-
tion to oral anticoagulants for a total treatment 
duration of at least 6 months [19]. Considerations 
pertaining to CVST in pregnancy are discussed in 
detail in Chap. 6.

 Intracranial Hemorrhage
In comparison to cerebral ischemia, brain hemor-
rhages of any type can be expected to present 
with more profound alterations in consciousness 
by their nature as space occupying lesions which 
often occur with rapid initial expansion. Incidence 
of all spontaneous hemorrhages (those not due to 
a traumatic injury), including parenchymal 
(ICH), subarachnoid (SAH), and those arising 

from vascular malformations is likewise elevated 
during pregnancy, thought to be attributable to 
both hypertensive disorders, and possible loss of 
vascular compliance [20]. In addition to mass 
effect, blood in the subarachnoid space and ven-
tricular system, particularly seen with SAH, may 
result in obstructive hydrocephalus with increased 
ICP and coma. Hemorrhages are readily diag-
nosed on non-contrast CT and an appropriate 
angiographic study if vascular lesion is sus-
pected. Management includes blood pressure 
control, ICP management, including treatment of 
hydrocephalus and occasionally surgical decom-
pression, as well as treatment of any underlying 
etiologies (i.e., aneurysm securement). Diagnosis 
and treatment of subarachnoid hemorrhage and 
other causes of hemorrhagic stroke are discussed 
in Chapters 2 and 4, respectively.

 Other Structural Lesions
Most other brain lesions, such as tumors, expand 
slowly and are unlikely to cause acute AMS as a 
presenting finding. A cerebral abscess may 
expand more rapidly, though this is a rare occur-
rence and is likely to manifest other signs. 
However, hemorrhage into a tumor, a tumor 
causing transient hydrocephalus (i.e., colloid 
cyst), or a seizure caused by presence of an oth-
erwise asymptomatic lesion may result in this 
type of clinical presentation. Of note, increased 
fluid retention may worsen edema caused by 
existing tumors, and neurohormonal changes in 
a pregnant patient may cause enlargement of 
meningiomas, vestibular schwannomas, and pro-
lactinomas [5]. With pituitary tumors, in particu-
lar, there may be an increased risk of apoplexy, 
which can rarely result in coma due to compres-
sion on nearby brainstem structures. During 
management, careful assessment of endocrine 
function should be done if it occurs to avoid 
pregnancy complications. Finally, in a patient 
with existing hydrocephalus and a ventriculo-
peritoneal shunt, the gravid uterus during late 
pregnancy may obstruct shunt function, result-
ing in an extracranial structural cause of coma. 
As with all the other structural causes, appropri-
ate imaging will be necessary for diagnosis of 
these conditions.
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 Preeclampsia, Eclampsia, and PRES

Hypertensive disorders of pregnancy are esti-
mated to complicate 2–8% of pregnancies world-
wide, and in the USA, are implicated in around 
16% of maternal deaths [1, 6]. Preeclampsia is 
defined as new onset hypertension occurring after 
20  weeks of gestation (two separate readings 
>140/90  mmHg, or a single occurrence 
>160/110 mmHg) in combination with evidence 
of end organ dysfunction, classically proteinuria, 
but now met by any thrombocytopenia, renal 
insufficiency, transaminitis, or new onset head-
ache [6]. Eclampsia is diagnosed when seizures 
occur as the progression of this process (i.e., in 
the absence of other causes), however, this dis-
tinction may not be particularly important, as the 
underlying pathophysiology can cause signifi-
cant neurologic injury even before clinical sei-
zures are observed.

The underlying pathogenesis is complex and 
remains incompletely defined, however appears 
to be related to abnormal placentation and 

reduced placental perfusion. One of the effects of 
placental ischemia is increased placental release 
of antiangiogenic factors (sFLT1, sENG), which 
bind to and decrease circulating levels of VEGF 
and PIGF, growth factors necessary to maintain 
endothelial function. Simultaneously, other pro- 
inflammatory factors are released, as are autoan-
tibodies to angiotensin II type 1. The end result is 
aberrant systemic vasoconstriction and hyperten-
sion, with leaky, impaired vascular endothelium 
[6, 21]. In the CNS, hypertension and vasculopa-
thy along with coagulopathy (i.e., from thrombo-
cytopenia or liver dysfunction) may already 
independently account for increased risk of cere-
bral hemorrhage in preeclamptic states, but the 
combination also results in loss of cerebral auto-
regulation and leaky blood–brain barrier, leading 
to vasogenic cerebral edema. The posterior circu-
lation appears to be particularly vulnerable to this 
injury (though not exclusively so), resulting in a 
characteristic, symmetric, usually posterior dom-
inant pattern of leukoencephalopathy on imaging 
(Fig.  16.3). These radiographic findings along 

a

b

Fig. 16.3 Axial, T2 FLAIR MRI images at several levels 
showing a typical, posterior dominant pattern of vaso-
genic edema associated with PRES (sequence a), as well 
as a more diffuse, fulminant presentation involving frontal 
lobes and cerebellum (sequence b). Patient A presented 

clinically with acute onset encephalopathy and apparent 
aphasia, while patient B had persistent coma in the setting 
of eclampsia. Both patients recovered with appropriate 
management
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with the resulting clinical findings of encepha-
lopathy (up to and including coma), visual distur-
bance, and seizures define the posterior reversible 
encephalopathy syndrome (PRES) [22], which 
may be the common pathway of neurologic 
injury for most of the hypertensive disorders of 
pregnancy.

As it pertains to coma, severe PRES can be a 
sufficient causative factor, however, as aggressive 
blood pressure reduction is the hallmark of man-
agement, imaging to rule out a structural cause 
(and less importantly, to rule in PRES) is crucial. 
A known diagnosis of preeclampsia is insuffi-
cient, as the underlying systemic dysfunction 
may result in other causes of coma, for instance, 
ICH as previously noted, or cerebral edema as the 
result of hepatic failure. Both are potentially situ-
ations in which relative hypotension would result 
in accelerated cerebral ischemia. Once this is 
done, however, aggressive BP reduction to at 
least SBP <140  mmHg and DBP <90  mmHg 
should be undertaken, as despite the name, injury 
can frequently be irreversible and result in cell 
death and permanent injury. Magnesium sulfate 
infusion should also be initiated at this stage if a 
patient presents with alteration in consciousness 
as this is indicative of preeclampsia with severe 
features at high risk of progression to eclampsia 
[6]. If there is progression to eclampsia, magne-
sium should remain the first line agent for sei-
zures, though delivery of the fetus/placenta 
would be indicated (and curative) at this stage, if 
not already considered. Pre-eclampsia, eclamp-
sia, and PRES are described in detail in Chap. 33.

Of note, the aberrant vasoconstriction seen 
with preeclampsia can also occur in the brain, 
resulting in a vasospastic syndrome known as 
reversible cerebral vasoconstrictive syndrome 
(RCVS). This typically manifests clinically as 
severe, thunderclap headache, with focal deficits 
and encephalopathy seen in some cases. Due to 
appearance in the same population, this may 
occasionally lead to confusion with PRES, how-
ever imaging will typically be normal, or in 
severe cases may show small amounts of SAH or 
areas of edema corresponding to ischemia rather 
than diffuse vasogenic edema. An angiographic 

study will confirm the diagnosis, though CTA 
and MRA may not be able to adequately image 
the affected, distal vessels. Due to the typically 
mild nature, treatment is generally with oral cal-
cium channel blockers. In rare cases, the vaso-
constrictive process can progress to permanent 
ischemia and will warrant more aggressive inter-
vention [5]. RCVS, more generally, and post- 
partum angiopathy, a specific RCVS variant, are 
discussed in Chapters 23 and 29, respectively.

 Toxic and Metabolic Causes of Coma

 Hypo- and Hyperglycemia
Hypoglycemia may easily result in AMS, and has 
myriad of underlying causes, but is easily 
detected and treated. A pregnant patient receiving 
adequate prenatal care is unlikely to be thiamine 
deficient, but repletion prior to administration of 
glucose must be considered in the right clinical 
scenario. Hyperglycemic coma in non-insulin 
dependent diabetics is linked to hyperosmolar 
state, which typically is seen with serum glucose 
>600 mg/dL or serum osmolality >320 mOsm/kg 
[23]. In type I diabetes and coma from DKA, an 
upper limit is more difficult to define, and specifi-
cally in pregnancy, euglycemic DKA has been 
reported [24]. History of type I diabetes and a lab 
testing establishing acidosis would be helpful. 
Initial management in both cases is with rehydra-
tion prior to insulin administration.

 Hypo- and Hypernatremia
Mild hyponatremia (>130 mEq/L) is common in 
pregnancy and typically asymptomatic, however, 
acute worsening may occur, for instance, with 
vomiting and consumption of hypotonic fluids, 
and may easily become symptomatic [25]. Severe 
hyponatremia (<125  mEq/L) may lead to acute 
AMS, seizures, and cerebral edema. Care must 
be taken to correct sodium gradually if severe 
hyponatremia has been chronic as this may result 
in osmotic demyelination syndrome affecting the 
brainstem, which may itself result in coma and 
quadriparesis. Conversely, severe hypernatremia 
(>160  mEq/L) may also depress consciousness 
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due to hyperosmolality but would be unlikely to 
occur spontaneously in a patient with intact thirst 
response and access to water.

 Infection
While any infection may potentially cloud men-
tal status, there should be a high level of concern 
for CNS infection if an, otherwise, healthy patient 
presents with significant AMS/coma, signs of 
infection such as fever but no indication of over-
whelming systemic infection such as septic 
shock. Physical findings such as meningismus 
can be unreliable. There are no specific devia-
tions from workup and empiric therapy resulting 
from a pregnant state only. Management of intra-
cranial infections, including meningitis and 
encephalitis, is discussed in detail in Chap. 30.

 Renal and Hepatic Impairment
In addition to electrolyte abnormalities, severe 
uremia during renal failure may contribute to 
depressed level of consciousness. Similarly, 
hepatic failure may lead independently to cere-
bral edema, or may be associated with hyperam-
monemia, which will depress mental status. 
Impairment of both will potentially affect clear-
ance of medications which may confound the 
clinical picture. Dysfunction of these organs may 
occur because of preeclampsia, or independently 
of that process.

 Endocrinopathies
Severe endocrine dysfunction in pregnancy is 
rare as most of these will preclude maintenance 
of the pregnant state, though theoretically, dis-
continuation of treatments during pregnancy 
could occur. When considering a patient present-
ing with significant AMS, aside from pituitary 
apoplexy as noted previously, Sheehan’s syn-
drome, or postpartum pituitary infarction usually 
associated with hemorrhage, could result in pan- 
hypopituitarism and subsequent postpartum pre-
sentation for decreased level of consciousness 
from hypocortisolism (Addisonian crisis) or a 
severe hypothyroid state [26]. Pituitary neo-
plasms and their resultant endocrinopathies are 
discussed in detail in Chap. 12.

 Intoxications and Poisonings
While there is likely lower incidence in the preg-
nant population compared with the overall popu-
lation, intentional and accidental intoxications do 
occur. Usually this will be revealed by obtaining 
an exposure/medication history, or by observing 
resolution of symptoms over time with support-
ive care as other causes are investigated. 
Recognizing certain clinical toxidromes may also 
be helpful. As an example, recognizing the com-
bination of pinpoint pupils, depressed respiratory 
drive, and decreased bowel sounds associated 
with opiate overdose in an unresponsive patient 
will prompt use of naloxone, which will be both 
diagnostic and therapeutic. As discussed previ-
ously, toxicology screens can be useful in the cor-
rect context, but the results must be critically 
evaluated against the known clinical data.

 Mixed/Miscellaneous Causes of Coma

 Seizures and Epilepsy
The most common cause of seizures in pregnancy 
overall is not eclampsia, but rather pre-existing 
epilepsy [27]. In a large registry study of preg-
nancies in mothers with epilepsy, the incidence 
of seizures was similar to the patients’ baseline, 
and status epilepticus was fairly uncommon 
(1.8%) [28]. In patients presenting with AMS and 
a history of epilepsy, a post-ictal state, or non- 
convulsive status epilepticus (NCSE) must be 
considered when there is no clear explanation, 
and EEG may be required to rule out the 
possibility.

It is important to differentiate the seizures of 
eclampsia and that of primary epilepsy, as treat-
ments differ. Magnesium sulfate does not gener-
ally play a role in the latter case, and seizures are 
treated with benzodiazepines and traditional 
antionvulsant agents as first line rather than for 
refractory control despite known teratogenic 
potential. It is notable, however, that patients 
with epilepsy can still develop eclampsia, and 
there may be patients who have a first seizure 
during pregnancy who have an alternate explana-
tion; the presence/absence of the other signs of 
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preeclampsia (hypertension, other organ dys-
function) will make the distinction. In particular, 
a presentation with status epilepticus rather than 
isolated seizure may suggest an alternative under-
lying pathology (frequently eclampsia and PRES) 
rather than primary epilepsy [29]. Management 
of epilepsy, including pre-conception planning 
and titration or initiation of alternative pharmaco-
logic agents, is discussed in Chap. 8.

 Autoimmune Conditions
Generally, there is a lower incidence and relapse 
rate of autoimmune conditions during pregnancy, 
often followed by a rebound/increase in the post- 
partum period. A well-studied example of this is 
seen in the reported clinical course of multiple 
sclerosis during pregnancy, which follows this 
pattern even when disease modifying therapies 
must be temporarily discontinued [30]. Clinical 
presentations are varied and can mimic infectious 
encephalitis or even mass lesions. Despite the 
rarity, this should be considered as part of the dif-
ferential diagnosis. Considerations for evaluation 
and management of multiple sclerosis, Guillain- 
Barré, and myasthenia gravis during pregnancy 
are described in Chap. 9, 18, and 26.

 Coma Mimics
Quadriparesis, resulting from pontine lesions 
(the previously mentioned locked-in syndrome) 
or occasionally high cervical spinal cord injury 
may resemble coma or an altered mental state on 
superficial examination if the presence of voli-
tional cranial nerve mediated movements and 
other signs of underlying consciousness are not 
observed. Severe neuromuscular weakness of 
any cause (acute polyneuropathy, myasthenia 
gravis, botulism) may also present with a similar 
clinical picture if presented at a late stage in evo-
lution. In all of these situations, there is often 
associated respiratory failure which will lead to a 
presentation in true coma, however after success-
ful resuscitation and stabilization, careful neuro-
logic examination to assess for signs of underlying 
consciousness should be performed. In the case 
of suspected spinal cord injury, a careful history 
and examination for signs of trauma, as well as 

history of possible spinal procedures (i.e., epi-
dural anesthesia for delivery) should trigger 
appropriate definitive diagnostic imaging, in this 
case MRI of the affected spinal segments. 
Neurotrauma in the pregnant patient is discussed 
in detail in Chap. 25.

Finally, after all other causes have been elimi-
nated, consideration of psychogenic coma (con-
version disorder, malingering), or other primary 
psychiatric conditions such as catatonia must be 
considered. This diagnosis is again established 
by careful neurologic examination which may 
provide clues to a non-structural cause for find-
ings, or occasionally with supporting studies 
such as EEG which show a normal underlying 
brain pattern. However, these signs can fre-
quently be deceiving or unreliable, and prior to 
settling on a psychogenic etiology, all other pos-
sible causes should be thoroughly explored. 
Mental health diseases arising during pregnancy 
are discussed in detail in Chap. 22.

 Subsequent Management 
and Diagnostic Considerations

Due to the vastly disparate causes of coma, there 
is limited guidance possible beyond initial man-
agement and diagnosis due to very divergent 
treatment paths. However, there are some com-
mon considerations that exist when the diagnosis 
is unclear or with shared characteristics.

 Management of Agitation 
and Delirium

Patients who present with severe encephalopathy 
can manifest with both hypoactive and hyperac-
tive behaviors. In the latter case, sedation is occa-
sionally needed to prevent inadvertent self and 
fetal harm, as well as harm to medical staff. In the 
case of pregnancy, optimal drug choice can be 
unclear. In general, due to the established terato-
genicity of benzodiazepines, use in pregnancy 
should be avoided unless for indications such as 
status epilepticus or alcohol/GABA agonist with-
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drawal. Instead, the typical antipsychotics, such 
as haloperidol, are recommended by ACOG con-
sensus guidelines as first line for severe agitation 
[31]. Dexmedetomidine may be an attractive 
maintenance option due to lack of respiratory 
depression, making it viable for use in non- 
intubated patients with severe agitation. After 
intubation, IV sedative/hypnotic agents may be 
unavoidable, and propofol is generally recom-
mended, with opiates as necessary for analgesia 
[5, 32, 33]. Benzodiazepine infusions are less 
desirable in the critical care setting for all 
patients, and this holds true still in pregnancy.

 Diagnostic Role 
of Electroencephalography (EEG)

When imaging and initial laboratory studies are 
unable to establish the diagnosis, yet AMS per-
sists, EEG may be a useful tool to quickly exclude 
non-convulsive seizures/status epilepticus. While 
it is non-invasive and can be done at bedside, 
equipment and technician availability may vary 
widely between facilities, particularly during off 
hours, and placement in the emergency depart-
ment or obstetric triage may be challenging due 
to the need to move patients around to facilitate 
flow. However, there are now commercially avail-
able devices involving a limited electrode mon-
tage that can be placed by staff after only minimal 
training and orientation. With recent literature 
reporting a comparable detection rate with lim-
ited montage vs. traditional EEG for status epi-
lepticus and findings requiring immediate 
intervention in the hospital, this may provide for 
expanded access to this tool during initial workup 
of encephalopathy going forward [34, 35].

 Diagnostic Role of Lumbar 
Puncture (LP)

Cerebrospinal fluid analysis may be immensely 
helpful for situations where CNS infection is sus-
pected but unable to be confirmed from systemic 
tests such as blood cultures, or in cases of non- 

specific encephalitis. As exclusion of infection 
may prevent prolonged empiric antimicrobial 
exposure for the patient and fetus, pregnancy 
should not be a limiting factor when the test is 
otherwise indicated. There are no specific contra-
indications for LP from pregnancy itself, outside 
of the typical exclusions (coagulopathy, intracra-
nial mass lesion, etc.). Positioning of the patient 
may be more difficult than normal, however, and 
anatomical landmarks may be more difficult to 
establish. If image guidance is necessary, use of a 
non-ionizing modality such as real-time ultra-
sound would be highly preferable due to the loca-
tion of the fetus relative to the lumbar spine, with 
fluoroscopy reserved only for when the study is 
absolutely necessary.

 Safety of Neuroimaging

As a general rule, pregnancy should not change 
the choice of imaging modality when evaluating 
a patient with an acute neurologic deficit, as any 
potential for harm to both the mother and fetus 
resulting from delayed diagnosis would likely 
outweigh any potential harm from the imaging 
technique. Concerns regarding ionizing radia-
tion apply to any patient and should be consid-
ered when choosing a modality, regardless of 
pregnancy status. Specifically, regarding neuro-
imaging during pregnancy, CT studies of the 
head and neck result in minimal additional radi-
ation exposure to the fetus, and when the study 
is otherwise indicated, use is widely accepted 
and established in guidelines [36, 37]. Iodinated 
contrast used in CT and traditional angiography 
has not been shown in humans to cause fetal 
harm during pregnancy, nor harm to an infant 
during breastfeeding, though screening should 
be done for hypothyroidism in the infant. 
Conversely, there is evidence that gadolinium-
based MRI contrast may deposit in fetal tissue, 
with incompletely established physiologic 
effects, so careful evaluation of necessity prior 
to use is recommended [37]. Neuroimaging con-
siderations during pregnancy are discussed in 
detail in Chap. 7.
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 Conclusion

The range of possible pathologies underlying 
coma and other states of altered mental status 
remains vast even in pregnancy, and the clinician 
must contend with a very broad differential diag-
nosis and potentially very divergent management 
pathways. Recognition of the unique physiologic 
states that exist during pregnancy will help guide 
the clinician along this process, and understand-
ing is crucial to optimal management in this fre-
quently medically challenging patient 
population.
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17Management of Neurological 
Trauma in the Pregnant Patient

Christopher E. Talbot and Antonios Mammis

 Introduction

A pregnant mother presenting with traumatic 
brain injury (TBI), especially in moderate to 
severe cases, creates unique and complex care 
decisions for providers. As this presentation is 
rare compared to the total incidence of TBI, there 
is an overall scarcity of studies guiding care of 
these patients. Additionally, appropriate care will 
often require consideration of both the lives of 
the mother and fetus. The viability and gesta-
tional age of the fetus become forefront variables 
in the care of the injured mother and may carry 
strong ethical considerations. For instance, a via-
ble fetus may have profound effect on the care 
decisions made for an otherwise neurologically 
devastated mother. Not only does this stir a com-
plex ethical discussion, but also a profound con-
sideration of obstetrical care which the typical 
TBI provider (i.e., intensivist, neurosurgeon, etc.) 
is not familiar with.

In the following chapter, the authors will pres-
ent prominent considerations in the care of the 
pregnant TBI patient and examine any existing 
literature. This shall be presented first as a brief 

review of TBI for the provider who does not 
encounter TBI regularly (i.e., obstetrician), fol-
lowed by a review of specific TBI practices and 
their considerations for a pregnant patient, and 
finally a brief discussion addressing the ethical 
considerations of caring for both mother and 
fetus.

 A Review of TBI

Traumatic brain injury may be stratified into 
mild, moderate, and severe categories based on 
the patient’s presenting Glasgow Coma Scale 
(GCS). The GCS is a tool which measures the 
patient’s best eye, motor, and verbal responses. 
The GCS has been used to stratify TBI as mild 
(14–15), moderate (9–13), or severe (3–8) [1]. 
Traditionally, mild TBI has been used synony-
mously with concussion and usually implies a 
good prognosis.

Multiple studies have shown an inverse rela-
tionship between GCS and mortality, with mor-
tality rates reaching between 65% and 78% as 
GCS decreases to a minimum score of 3 [2–4]. 
Despite the GCS being a validated and reliable 
tool for communication and prognosis, character-
istics of the traumatic event, healthcare response, 
acute clinical course, clinical exam, and radio-
graphic exams are also imperative in guiding pro-
viders through treatment decisions and goals of 
care discussions. Furthermore, GCS is an inade-
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quate descriptor of the patient’s neurological sta-
tus past the acute period.

It is important to define a few frequently used 
terms to describe a prolonged diminished mental 
status. In addition to the standard facets of the 
neurological exam, terminology exists to better 
describe the patient’s states of consciousness and 
arousal. In severe TBI, this can be challenging 
and frequently terms such as “brain death” and 
“persistent vegetative state” are misused [5]. 
“Brain death” is the irreversible loss of all brain-
stem reflexes and persistent apnea in a comatose 
patient without the presence of other confound-
ers. The concept of brain death is widely accepted 
by most as death of the individual. The additional 
demonstration of complete loss of perfusion 
throughout the entire brain is used by a portion of 
clinicians through computed tomographic angi-
ography (CTA) or nuclear medicine perfusion 
(NMP) techniques [6]. “Coma” is a state of 
absent arousal, consciousness, and eye-opening 
lasting at least 1 h. Patients in a “vegetative state” 
are awake but unaware of self or environment. 
The prefix of “persistent” is added to vegetative 
state when this state has persisted for longer than 
1 month, but this does not imply irreversibility. 
“Minimally conscious state” was proposed as a 
subgroup of patients exhibiting function higher 
than that of vegetative state but not consistently. 
Lastly, “locked-in” syndrome is a state of pre-
served awareness but disruption of corticospinal 
and corticobulbar pathways resulting in quadri-
plegia, severely impaired cranial nerve motor 
function, and aphonia or hypophonia. These 
functions may include intermittent command fol-
lowing, verbal response, or purposeful behavior. 
With the exception of brain death, a patient in any 
one of these may have the potential to recover 
function and move into another higher- 
functioning state [5, 7–10].

In many circumstances, there are additional 
variables or conditions which prevent the above 
states from being diagnosed in an individual who 
has suffered severe TBI. Confidence in one of the 
above diagnoses requires stabilization, reduction 
of confounding factors, and usually advanced 
imaging such as MRI. As such, the decision to 

pursue or withdraw aggressive treatment for a 
severe TBI patient remains difficult to navigate in 
many situations where prognosis is not clear. 
Previous wishes of patients either relayed ver-
bally, in a written advanced directive, or not 
shared can also play an important role in decision 
making.

In 2016, the fourth edition of “Guidelines for 
Management of Severe Traumatic Brain Injury” 
was released by the Brain Trauma Foundation 
(New York, New  York) and later published in 
2017 [4]. This work reviewed 189 publications 
and divided systematic and evidence-based rec-
ommendations into 18 topics. Although widely 
accepted, adherence to these guidelines is vari-
able and the impact of adherence on patient out-
comes requires further studies [11–13].

 TBI Guidelines and the Pregnant 
Patient

As stated previously, there is an extreme absence 
of data to guide care of the pregnant patient who 
has sustained TBI. The exact incidence of PVS 
or brain death post-TBI in the pregnant patient 
is unknown. The literature shows a large num-
ber of mothers who suffered debilitating neuro-
logical injury secondary to motor vehicle 
accidents; however, the exact incidence and how 
it compares to the general population is unknown 
[14, 15].

The Brain Trauma Foundation guidelines do 
not specify this subgroup of patients and many of 
the influential publications used to form these 
guidelines exclude pregnancy in their studies. 
The authors of this chapter conducted a literature 
review and were unable to identify any Class I or 
Class II evidence regarding this patient popula-
tion. As such, the following discussion identifies 
TBI care topics as described in the Brain Trauma 
Foundation guidelines and possible additional 
considerations in the pregnant patient. These 
considerations have been identified either through 
Class III evidence, case reports, or the author’s 
own theory or deduction based on known physi-
ological or pathological principles in TBI or 
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pregnancy. Topics without any additional consid-
erations or contributing evidence in the pregnant 
TBI patient have been identified as such.

 Treatments

 Decompressive Craniectomy
The Brain Trauma Foundation offers level IIA 
recommendations for a large frontotemporopari-
etal decompressive craniectomy (DC) for reduced 
mortality and improved neurologic outcomes in 
patients with severe TBI [4]. In the author’s 
review of the literature, there were multiple case 
reports of DC for pregnant patients sustaining 
severe TBI [16–18]. There were found to be mul-
tiple instances of DC in pregnant or post-partum 
patients for other etiologies of increased intracra-
nial pressure (ICP) such as intracranial hemor-
rhage, arteriovenous malformation rupture, and 
venous sinus thrombosis [19–21]. In some cases, 
it may be appropriate to coordinate emergent DC 
with emergent cesarean section [16]. Execution 
of this dual-operation would likely benefit from 
interdisciplinary discussion and planning 
between obstetric, neurosurgery, anesthesia, and 
perioperative teams. There were no studies to 
change or influence this guideline in the pregnant 
patient.

 Prophylactic Hypothermia
Hypothermia has been previously utilized in TBI 
treatment for reducing tissue damage through 
reduction of cerebral metabolic demand and 
reduction of ICP. However, this therapy’s benefit 
has been weighed against the risks of coagulopa-
thy, immunosuppression, cardiac dysrhythmia, 
and death. The Brain Trauma Foundation offers 
level IIB recommendation that early and short- 
term hypothermia is not recommended to improve 
outcomes in these patients [4]. Although hypo-
thermia has been shown to improve neurologic 
outcome in cardiac arrest, pregnancy is consid-
ered a relative contraindication [22, 23]. There 
was no evidence to change or influence the Brain 
Trauma Foundation guideline on prophylactic 
hypothermia.

 Hyperosmolar Therapy
Mannitol and hypertonic therapy are commonly 
administered in the context of elevated ICP for 
their ability to decrease brain volume and there-
fore ICP. In the case of mannitol, it is now known 
that the reduction of ICP is attributed to reduction 
of blood viscosity and decreased circulatory or 
flow resistance within circulation. In the third 
edition of guidelines from the Brain Trauma 
Foundation, mannitol was recommended for con-
trol of elevated ICP [4]. However, this recom-
mendation was not carried forward in the fourth 
edition given insufficient evidence in regard to 
outcomes. The guidelines do recognize an 
increased use of hypertonic saline in the setting 
of refractory elevated ICP as compared to man-
nitol. Mannitol is assigned as a pregnancy 
Category C agent by the FDA, meaning animal 
reproduction studies have shown an adverse 
effect on the fetus; however, there have been no 
adequate human studies. Although a number of 
case reports utilized these therapies to reduce 
ICP [24], there were no studies to change or 
influence the Brain Trauma Foundation’s recom-
mendation on hyperosmolar therapy in the preg-
nant patient.

 Cerebrospinal Fluid Drainage
Placement of an external ventricular drain has 
been routinely performed in patients with sus-
pected intracranial pathology leading to increased 
ICP for its ability to both measure ICP in the 
closed position and provide therapeutic drainage 
of cerebrospinal fluid (CSF) in an open position. 
The use of this system in severe TBI has been a 
controversial topic. The Brain Trauma Foundation 
provides level III recommendations stating place-
ment of EVD may be considered to lower ICP in 
patients with a GCS <6 during the first 12 h after 
injury and that continuous drainage with EVD at 
the level of the midbrain may be more effective at 
lowering ICP than intermittent drainage [4]. 
Although the authors found multiple case reports 
of EVD placement in the pregnant patient [25–
28], there was no evidence to further modify or 
influence this guideline in the pregnant patient 
with severe TBI.
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 Ventilation Therapies
Rapid sequence intubation for airway protection 
is a generally accepted practice in any patient 
with suspected severe TBI and GCS <9 [29–32]. 
The use of prophylactic hyperventilation has 
been controversial and the Brain Trauma 
Foundation offers level IIB recommendation 
that prolonged prophylactic hyperventilation 
with partial pressure of carbon dioxide in arte-
rial blood (PaCO2) of 25  mmHg or less is not 
recommended [4]. Although low PaCO2 is 
believed to decrease ICP through vasoconstric-
tion and decreases in cerebral blood volume, the 
decreased cerebral blood flow may result in 
cerebral ischemia. Alternatively, increased 
PaCO2 may result in cerebral hyperemia and 
increased ICP.  The authors found no evidence 
for consideration of this guideline in the preg-
nant TBI patient.

 Anesthetics, Analgesics, and Sedatives
These pharmacologic agents have been used in 
the management of TBI patients for several rea-
sons including control of ICP, seizure prophy-
laxis, and patient comfort. ICP may be reduced 
by not only limiting elevations caused by agita-
tion, coughing, and other Valsalva-like actions, 
but also through reduction of the cerebral meta-
bolic rate. The Brain Trauma Foundation pro-
vides three level IIB guidelines: (1) administration 
of barbiturates to induce burst suppression as 
prophylaxis for reduction of ICP is not recom-
mended, (2) high-dose barbiturate administration 
is recommended to control elevated ICP refrac-
tory to maximal standard medical and surgical 
treatment, and (3) administration of propofol for 
control of ICP is not recommended for improve-
ment in outcome and may be associated with 
increased morbidity at high doses [4]. The 
authors could not find any evidence to contribute 
to these practices in the pregnant TBI patient. Of 
note, the US FDA considers barbiturates as preg-
nancy Category D meaning there is enough evi-
dence showing these medications can cause fetal 
damage. Propofol is considered a pregnancy 
Category B medication, meaning it is considered 
safe to use if there is a clinical need. Anesthetic 

and analgesic considerations during pregnancy 
are discussed in detail in Chaps. 10 and 11, 
respectively.

 Steroids
In neurocritical care, steroids are commonplace 
and used routinely to reduce vasogenic cerebral 
edema and therefore ICP in the context of brain 
tumors. Although a historical debate has sur-
rounded their use in neurologic trauma, multiple 
studies have shown no benefit of steroids on out-
come in severe TBI [33]. The Corticosteroid 
Randomization After Significant Head Injury 
(CRASH) trial was a multicenter randomized 
clinical trial which compared mortality between 
moderate and severe TBI patients receiving corti-
costeroids versus placebo [34, 35]. Steroid- 
allocated patients received a 2 g loading dose of 
methylprednisolone followed by an additional 
19.2 g over 48-h continuous infusion for a total of 
21.2 g [36]. This dose is equivalent to 106.0 mg 
hydrocortisone [37, 38]. The study was halted 
when there was determined to be a higher risk of 
death in the treatment group (21.1% vs. 17.9%) 
regardless of injury severity or time since injury 
[34]. The Brain Trauma Foundation provides 
level I recommendations against the use of high- 
dose methylprednisolone in severe TBI patients 
[4].

In obstetrics, antenatal corticosteroids have 
been shown to reduce the morbidity and mortal-
ity of hyaline membrane disease through acceler-
ated fetal lung development and improved lung 
function immediately post-partum [39]. This 
therapy consists of either two doses of 12  mg 
intramuscular betamethasone or four doses 6 mg 
intramuscular dexamethasone. These doses each 
convert to 640.0 mg hydrocortisone [37, 38].

In equivalents of hydrocortisone over a 48-h 
period, it appears a much larger dose of steroid is 
administered for fetal lung maturation than was 
used in the CRASH trial treatment group. The 
agents above further differ in other properties 
[37] In terms of duration of action, methylpred-
nisolone lasts between 12 and 36 h whereas dexa-
methasone and betamethasone are each long 
acting, lasting between 36 and 54  h. 
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Methylprednisolone is the only agent of these 
three that demonstrates mineralocorticoid activ-
ity. Lastly, both dexamethasone and betametha-
sone have anti-inflammatory potencies 30 times 
greater than hydrocortisone versus methylpred-
nisolone which has a potency only 5 times 
greater.

Recently, multiple in vivo and clinical studies 
have suggested a neuroprotective role of certain 
sex steroid hormones such as estrogen and pro-
gesterone [40–47]. The neuroprotective mecha-
nism of these hormones has been postulated to be 
a multifactorial mechanism through protection 
against glutamate toxicity, antioxidant action, 
anti-inflammatory action, improved cerebral 
blood flow, and possible action against apoptotic 
pathways [46–49]. These findings have led to a 
generalized belief that pregnant women, with 
inherent elevation of estrogen and progesterone, 
may demonstrate improved outcomes in 
TBI.  Despite the above cited research, several 
other studies have failed to support this relation-
ship [50–53].

 Nutrition
The Brain Trauma Foundation offers level IIA 
recommendation to attain basal caloric replace-
ment by the 5th day post-injury and to avoid 
under-nutrition past the 7th day post-injury to 
decrease mortality [4]. The guidelines also offer 
level IIB recommendations to provide transgas-
tric jejunal feeding over nasogastric or orogastric 
means to reduce the incidence of ventilator- 
associated pneumonia [4].

 Infection Prophylaxis
The Brain Trauma Foundation provides level IIA 
recommendations for early tracheostomy to 
reduce mechanical ventilation days and avoid-
ance of providine-iodine oral care as this does not 
reduce ventilator-associated pneumonia and may 
increase risk of acute respiratory distress syn-
drome [4]. They provide level III evidence that 
antimicrobial-impregnated EVD catheters may 
prevent catheter-related infections [4]. The 
authors were unable to find any significant stud-
ies to contribute to or modify these recommenda-
tions in the pregnant patient with severe TBI. Of 

note, cephalosporins are considered pregnancy 
Category B and IV vancomycin is pregnancy 
Category C.

 Deep Vein Thrombosis Prophylaxis
Severe TBI patients are at risk for venous throm-
boembolism (VTE) not only because of their lack 
of mobilization and potential neurological defi-
cits causing weakness or flaccidity, but also sec-
ondary to a hypercoagulable state induced by the 
brain injury. Predictors of deep vein thrombosis 
(DVT) include age, subarachnoid hemorrhage, 
an Injury Severity Score  >15, and extremity 
injury [54]. This risk has been quantified and 
approximated to be 3–4 times increased over a 
non-TBI sample [55]. The Brain Trauma 
Foundation provides level III recommendations 
for low molecular weight heparin (LMWH) or 
low-dose unfractionated heparin to be used in 
combination with mechanical prophylaxis such 
as serial compression devices, however initiation 
of pharmaceutical prophylaxis should be weighed 
with the risk of potential expansion of intracra-
nial hemorrhage [4].

Pregnant women are five times more likely to 
develop DVT as compared to non-pregnant 
women and the frequency of DVT is similar 
throughout all three trimesters [56]. Additionally, 
pulmonary embolism (PE) is the leading cause of 
maternal death in the US and other developed 
nations [56–58]. Unfractionated heparin is con-
sidered pregnancy Category C by the US FDA 
whereas LMWH is designated as pregnancy 
Category B.

As identified above, both severe TBI and preg-
nancy are independent risk factors for DVT and 
VTE which may put individuals at risk for sig-
nificant morbidity and mortality. The relationship 
of these combined risk factors in the pregnant 
patient who has sustained severe TBI is unknown. 
Without further studies, it is unknown whether 
these two combined risk factors produce a purely 
summative effect on the patient’s risk for DVT or 
VTE. Mechanical prophylaxis should be initiated 
as deemed clinically safe, possibly with routine 
screening for DVT on admission. Pharmaceutical 
prophylaxis in the form of unfractionated heparin 
should be initiated after the benefit of such is 
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determined to outweigh the risk of expanding 
intracranial hemorrhage. Considerations for the 
use of anticoagulation during pregnancy are dis-
cussed in Chap. 28.

 Seizure Prophylaxis
Severe TBI puts patients at risk for seizures and 
epilepsy [4]. Clinically evident post-traumatic 
seizure may have an incidence of as high as 12% 
and perhaps even greater for subclinical seizures. 
Post-traumatic epilepsy is defined as recurrent 
seizures more than 7 days following injury.

The Brain Trauma Foundation provides two 
level IIA recommendations regarding seizure pro-
phylaxis [4]. First, the prophylactic use of phenyt-
oin or valproate is not recommended for preventing 
late (>7 days post-injury) post- traumatic seizure. 
Second, phenytoin is recommended to decrease 
the incidence of early (<7 days post-injury) post-
traumatic seizure when the benefit is felt to out-
weigh the risk of such treatment.

Anti-epileptic drug (AED) use during preg-
nancy has for the most part been studied in the 
epilepsy population, and levetiracetam is believed 
to be a risk factor for major congenital malforma-
tions when used during pregnancy [59]. That risk 
increases with polytherapy and additional AEDs. 
Valproate use during pregnancy may increase 
rates of autism but typically shows better control 
of seizures in the pregnant epileptic population 
[60]. The risk of spina bifida increases with expo-
sure to valproate, digit hypoplasia with phenyt-
oin, oral clefts with phenobarbital, and neural 
tube defects with carbamazepine [61].

There are no significant studies investigating 
post-traumatic seizure incidence or prophylaxis 
in the pregnant severe TBI patient. Selection of 
AEDs during pregnancy is discussed in Chap. 8.

 Monitoring

 Intracranial Pressure
ICP monitoring has become an essential objec-
tive measure in the assessment and care of severe 
TBI patients. The correlation between elevated 
ICP and secondary brain injury has been well 
established, and a clinician’s ability to access ICP 
data is crucial in guiding other therapies. The 

Brain Trauma Foundation provides level IIB rec-
ommendation for use of ICP monitoring in severe 
TBI patients to reduce in-hospital and 2-week 
post-injury mortality [4].

There exist many case reports of ICP monitor-
ing devices such as EVDs in pregnant patients; 
however, there is no significant evidence to con-
tribute to or alter the Brain Trauma Foundation’s 
recommendation.

 Cerebral Perfusion Pressure
In regard to cerebral perfusion pressure (CPP) 
monitoring in the severe TBI patient, the Brain 
Trauma Foundation has a level IIB recommenda-
tion for CPP monitoring to decrease 2-week mor-
tality [4].

During in utero development, the fetus is com-
pletely dependent on the placenta, uteroplacental 
exchange, and uterine perfusion [62, 63]. The pla-
cental hemodynamics are poorly understood and 
difficult to monitor precisely in a clinical setting. 
There are detrimental effects of hypoperfusion of 
the placenta as well as maternal hypertension, 
however, the authors were unable to find precise 
parameters or guidelines in the literature. There is 
no significant evidence to contribute to or alter the 
Brain Trauma Foundation’s recommendation.

 Advanced Cerebral Monitoring
Advanced cerebral monitoring techniques 
include the assessment of blood flow and oxy-
genation by transcranial doppler sonography, 
arteriovenous oxygen content difference 
(AVDO2) monitoring, and local tissue oxygen 
and carbon dioxide tension measurements.

The Brain Trauma Foundation provides a level 
III recommendation for use of jugular bulb moni-
toring of AVDO2 to help guide management deci-
sions [4]. This guideline is thought to reduce 
mortality and improve outcomes at 3- and 
6-months post-injury.

 Thresholds

 Blood Pressure
The Brain Trauma Foundation provides a level III 
guideline to consider maintenance of SBP at 
≥100 mmHg for patients 50–69 years old or at 
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≥110 mmHg or above for patients 15–49 or over 
70 years old to decrease mortality and improve 
outcomes [4].

Agent selection is also complicated by the 
pregnant patient and is discussed in relation to 
ischemic and hemorrhagic stroke in Chaps. 3 and 
4, respectively. Notably, nicardipine is consid-
ered FDA pregnancy Category C.

 Intracranial Pressure
The Brain Trauma Foundation guidelines have 
level IIB and II recommendations for the treat-
ment of ICP above 22 mmHg to decrease mor-
tality and use of ICP values, clinical findings, 
and brain CT findings to make management 
decisions, respectively [4]. There are no sig-
nificant studies to contribute to or modify this 
recommendation for the pregnant TBI patient.

 Cerebral Perfusion Pressure
The Brain Trauma foundation states a level 
IIB recommendation for target CPP value for 
survival and favorable outcomes to be between 
60 and 70  mmHg [4]. The guidelines further 
comment whether 60 or 70 mmHg is the mini-
mum optimal CPP threshold is unclear and 
may depend upon the patient’s autoregulatory 
status. They also provide a level III recom-
mendation for avoiding aggressive attempts to 
maintain CPP above 70 mmHg with fluids and 
pressors due to the risk of adult respiratory 
failure. There are no significant studies to con-
tribute to or modify this recommendation for 
the pregnant TBI patient. Details on the effect 
of pregnancy on cerebral perfusion and auto-
regulation are described in Chap. 20.

 Advanced Cerebral Monitoring
The Brain Trauma Foundation guidelines have 
level III recommendation that jugular venous 
saturation of <50% may be a threshold to avoid in 
order to reduce mortality and improve outcomes 
[4]. There are no significant studies to contribute 
to or modify this recommendation for the preg-
nant TBI patient.

 Additional Considerations

In addition to the above discussion on the Brain 
Trauma Foundation guidelines, the topics below 
were identified by the authors to be pertinent for 
appropriate care of the pregnant TBI patient.

 Hospital Resources and Transfer 
of Patients

Many primary care hospitals lack neurocritical care 
units, trauma teams, and/or neurosurgeons accus-
tomed to caring for severe TBI patients. In the pre-
sentation of a pregnant patient with severe TBI and 
possible additional injuries, availability of the 
above services in addition to obstetricians and neo-
natal intensivists comfortable with emergent and 
preterm delivery is preferred. A multidisciplinary 
approach provides the breadth of knowledge and 
resources necessary for this complex presentation, 
however, a high-level of evidence for such a recom-
mendation to improve outcomes is non-existent 
[17, 64]. There is also unclear evidence that admis-
sion to larger volume hospitals result in improved 
care in severe TBI patients. Higher volume hospi-
tals may be associated with lower in-hospital mor-
tality for severe TBI patients [65, 66]. Appropriate 
assessment and decision making requires presence 
of both neurosurgical and obstetric teams for a 
multidisciplinary approach. Decision to transfer a 
patient to a higher-level care facility should be 
made only after considering the patient’s neuro-
logical, hemodynamic, and obstetric stability as 
well as any possible consequences of transfer such 
as prolonged time to treatment and the inherent 
risks of patient transport.

 Assessing Fetal Status and Timing 
of Delivery

Determining fetal status is a responsibility of the 
obstetrician and should be conducted as soon as 
possible in a pregnant patient who has sustained 
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a trauma. Fetal monitoring is considered part of 
the secondary survey in a pregnant trauma patient 
[67, 68]. This assessment is crucial in a pregnant 
patient presenting with severe TBI, and signs of 
fetal compromise or distress should be identified 
with haste as they could have a considerable 
impact on the patient’s acute clinical course. 
Assessment of fetal status includes patient’s 
obstetric and gynecologic history (if available), 
gynecologic examination, and fetal cardiotocog-
raphy [67, 68].

Emergency cesarean section is indicated with 
fetal distress, antepartum hemorrhage, or circum-
stances otherwise life-threatening to the fetus 
and/or mother [69]. If no emergent delivery is 
indicated, the gestation of the fetus may be con-
tinued safely by systemically supporting the 
mother to maintain a near-normal physiological 
state [15]. Several case reports have been pub-
lished in which mothers with devastating, non- 
recoverable neurological injury, such as brain 
death, have undergone maximal treatment for the 
protective benefit of the fetus. In these cases, the 
mother was deemed to be in a stable and non- 
salvageable neurological state [15, 17, 70]. 
Whitney et  al. present a case of decompressive 
hemicraniectomy on a severely injured pregnant 
mother in order to control ICP. This patient was 
not brain dead on presentation, surgery was an 
option regardless of fetal gestational age, and the 
fetus was of not-yet-viable gestational age [17].

Depending on the degree of neurological 
injury, maintenance of a normal and safe physio-
logical state in the mother will require supportive 
measures and interventions. A mother who is 
diagnosed with brain death will require mechani-
cal ventilation, and many severely injured 
patients will require nutritional support [71]. In 
addition, the loss of vagal tone or sympathetic 
storming phenomenon may result in profound 
hemodynamic instability with times of hyperten-
sion or hypotension [15].

 Imaging Considerations

Imaging considerations for the pregnant patient 
range from consequences of irradiation to the 
fetus to comfort and safety of the patient. Routine 

imaging of the head and brain (CT or MRI) is 
usually performed with the patient in the supine 
position and the patient frequently is transferred 
from the bed to table in this position. As such, 
there is unlikely mechanical risk of harm with 
frequent CT head and angiography suite transfers 
of the pregnant patient.

In computed tomography (CT), fetal radiation 
doses for examinations of the head or chest are 
minimal and, therefore, do not complicate the 
risk-benefit analysis because the fetus is not 
directly imaged [72]. In CT imaging of the abdo-
men or pelvis, radiation dose should be consid-
ered because the fetus is likely to be directly 
exposed.

Magnetic resonance brain imaging (MRI 
brain) may be helpful in prognostication as it can 
help identify specific lesions associated with bet-
ter or worse long-term outcomes. Gadolinium is 
not routinely used in the assessment of traumatic 
lesions. Haghbayan et al. found MRI was helpful 
in the identification of lesions which were diffi-
cult to discern on CT imaging such as those of the 
brain stem or diffuse axonal injury [73]. In that 
regard, MRI is useful in providing prognostic 
information; however, large well-controlled stud-
ies are necessary [1]. A large retrospective study 
by Ray et al. found there to be no increased risk 
of harm to the fetus associated with MRI during 
the first trimester. However, administration of 
gadolinium at any time during pregnancy was 
associated with an increased risk of rheumato-
logical, inflammatory, or infiltrative skin condi-
tions and stillbirth or neonatal death [74]. 
Considerations for neuroimaging in the pregnant 
patient are discussed in detail in Chap. 7.

 Caring for Both Mother and Fetus

Pregnancy adds a potentially complicating vari-
able to the patient who has sustained traumatic 
neurological injury. In addition to the paucity of 
evidence guiding our care, there also emerges an 
ethical discussion in which providers must con-
sider the status of both the mother and fetus. This 
dilemma of “a body with two lives” may compli-
cate an otherwise clear clinical course if the 
patient had presented without pregnancy [75]. 
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These situations have been described many times 
in the literature and range in severity for both 
mother and fetus. In the events of brain death, 
devastating neurological injury without salvage-
able function, or otherwise grave prognosis for 
the mother, many clinicians will then focus care 
toward achieving good fetal outcome [17, 76, 
77]. In some cases, mothers declared brain dead 
or in other vegetative state have undergone life- 
saving or life-preserving measures in order to 
maintain the fetus until viable for delivery [17].

However, in severe TBI, the mother may not 
present neurologically devastated or her chances 
for neurological recovery may be unclear. It is in 
these circumstances that the decision making 
process for neurosurgeons and other providers 
becomes more complex. Interests and therapies 
for the mother and fetus may potentially compete 
and require compromise at the expense of opti-
mal treatment for either. It is in these situations 
that no agreed upon guidelines or recommenda-
tions exist. Major factors contributing to the care 
plan include the hemodynamic stability of both 
mother and fetus, the gestational age and history 
of fetus, and the neurological stability and sal-
vageability of mother. Other factors which may 
influence management include the experience of 
a care plan which includes neurosurgery and 
obstetrics. If family is available, information on 
status and possible prognosis should be shared so 
the next of kin may make an informed decision. 
Medical, legal, and ethical considerations per-
taining to neurological conditions during preg-
nancy are discussed in detail in Chap. 21.

With the paucity of evidence and lack of clini-
cal trials in treating the pregnant patient who 
presents with TBI, it is impossible to provide 
substantial guidelines in this chapter. Instead, the 
authors have provided selected care consider-
ations ranging from first basic obstetric consider-
ations that the neurosurgeon may not be familiar 
with followed by selected guidelines in brain 
trauma and their possible implications in care of 
the pregnant patient. The reader is asked to keep 
in mind the lack of evidence for this small and 
specific population of patients and that many 
landmark studies which guide our care of the TBI 

patient excluded pregnant patients from their 
samples [78, 79].

 Conclusion

In this chapter, the guidelines for management of 
severe TBI were reviewed and compared to any 
existing evidence for care in a pregnant TBI 
patient. There were minimal studies to contribute 
to these guidelines in a pregnant patient which is 
to be expected in this rare patient presentation. 
However, important points were made regarding 
the use of steroids and DVT prophylaxis. High- 
dose steroids are used to accelerate fetal lung 
maturation if a preterm delivery is expected but 
steroids have also been shown to have a negative 
effect on mortality in the TBI patient. Additionally, 
both pregnancy and TBI are proven risk factors 
for development of DVT and VTE but these have 
not been studied together in a multivariate model. 
Lastly, some considerations were discussed 
regarding a multidisciplinary approach, specific 
injuries to the mother or fetus that accompany 
TBI, and a brief ethical discussion regarding 
decisions involving both mother and fetus. It is 
hoped that this chapter serves as an initial refer-
ence for providers as well as a pathway toward 
further studies to guide care decisions.
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18Intracranial Infections 
in Pregnancy: Meningitis 
and Encephalitis

Pinki Bhatt and Susan E. Boruchoff

 Introduction

Pregnant women have multiple alterations in 
immune function, as is necessary to maintain 
fetal tolerance, including:

• Increase in the level of estradiol which reduces 
T-lymphocyte response and cell-mediated 
immunity.

• Increase in B-lymphocyte response and anti-
body production.

• Increase in progesterone level which can sup-
press the maternal immune response.

As a result, pregnant women have increased 
susceptibility to T-cell mediated infections. 

However, despite the immunologic changes that 
characterize pregnancy, common infections are 
more common than opportunistic ones.

With a few specific exceptions, there is a pau-
city of data regarding intracranial infections that 
is specific to pregnant women.

This chapter will discuss both common 
infections and opportunistic infections predom-
inantly seen in the pregnant population. 
Figure 18.1 describes a general approach to the 
pregnant patient with infection of the central 
nervous system (CNS). As with all potential 
CNS infections, consultation with an Infectious 
Diseases specialist is an important part of 
management.
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Fig. 18.1 General 
approach to pregnant 
women with CNS 
infection

 Meningitis

Meningitis, defined as inflammation of the 
meninges usually caused by infection, is diag-
nosed by the finding of elevated numbers of white 
blood cells (WBC) in the cerebrospinal spinal 
fluid (CSF). The clinical presentation may be 
either acute, subacute or chronic, and the rapidity 

of the clinical presentation may be helpful in 
determining the urgency of the diagnostic 
workup, as well as the pathogens that may be 
implicated and the empiric treatments to initiate 
while awaiting microbiologic results.

Acute meningitis is defined as the sudden 
onset of meningeal symptoms over the course of 
hours to a couple of days. Chronic meningitis is 
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characterized as a more subacute onset of menin-
geal signs and symptoms along with abnormal 
CSF for at least 4  weeks. Common infectious 
causes of acute and chronic meningitis will be 
described below.

 Bacterial Meningitis

Despite effective antibiotics, bacterial meningitis 
continues to cause significant morbidity and mor-
tality world-wide. In general, pregnancy has not 
been associated with an increased risk of bacte-
rial meningitis with common pathogens other 
than Listeria monocytogenes.

 Etiology and Epidemiology
Following the initiation of routine immunization 
for infants, such as conjugate Haemophilus influ-
enzae type b vaccine in 1990, 7-valent 
Streptococcus pneumoniae conjugate (pneumo-
coccal) vaccine (PCV7) in 2000 and 13-valent 
pneumococcal vaccine (PCV13) in 2010, the fre-
quency of bacterial meningitis has decreased. In 
addition, the peak age group for bacterial menin-
gitis has shifted from children under the age of 5 
to adults.

Pregnant patients are susceptible to most of 
the same organisms that affect non-pregnant 
adults, specifically S. pneumoniae, N. 
 meningitidis, L. monocytogenes, and Enterobac-
teriaceae. Table  18.1 highlights the most com-
mon organisms that cause community acquired 
bacterial meningitis in pregnant patients [1, 2].

Since the development of the H. influenzae 
type B (Hib) vaccination the most common 
pathogen to cause community-acquired bacterial 

meningitis is S. pneumoniae, with a reported case 
fatality rate of 19–37% [3]. It is important to rec-
ognize that while the incidence of H. influenzae 
type B in the USA has decreased due to routine 
childhood vaccination, it is still a significant 
problem in developing countries largely due to 
vaccine expense.

N. meningitidis can cause an acute fulminant 
meningitis (meningococcal meningitis)—this is 
a medical emergency. It typically affects previ-
ously well, young adults. Due to its tendency to 
progress rapidly over a matter of hours, mortal-
ity can be very high if not treated quickly and 
appropriately. In the USA serogroups B, C, and 
Y each account for approximately one third of 
cases [4]. Outside of the USA, serogroups A and 
C account for large-scale epidemics and out-
breaks in South America, Africa (“meningitis 
belt”) and parts of Asia. Serogroup W is a less 
common cause of disease but is especially known 
for its largest outbreak in 2000 and 2001 associ-
ated with the Hajj in Mecca, with several cases 
brought back to other countries in Asia, Europe, 
and the USA [5]. Although N. meningitidis is the 
most frequent cause of invasive disease in ado-
lescents, there have only been two reported cases 
of meningococcal meningitis during pregnancy. 
There are also case reports of neonatal intrauter-
ine transmission in pregnant women positive for 
nasopharyngeal or cervical carriage of N. menin-
gitidis [6].

L. monocytogenes accounts for 2–8% of bac-
terial meningitis in the USA with a mortality rate 
of up to 29%. The organism is typically found in 
dust, soil, water, sewage, or decaying matter. 
Outbreaks have been reported after consumption 
of contaminated food such as coleslaw, milk, 
cheese, certain meats or raw vegetables. 
Symptomatic listeriosis has been reported in all 
stages of pregnancy. Maternal illness can be mild 
with undifferentiated fever or a flu-like syndrome 
or can be asymptomatic and self-limited. Though 
it typically causes disease in newborns, adults 
over the age of 60 or immunocompromised 
patients, particularly those with defects in T-cell 
function, it has been reported to cause meningitis 
in patients with other predisposing conditions 
such as diabetes mellitus, liver disease, chronic 

Table 18.1 Most common pathogens causing commu-
nity acquired bacterial meningitis in pregnant patients

Common Less common
Streptococcus 
pneumoniae

Haemophilus influenzae

Neisseria 
meningitidis

Streptococcus agalactiae (Group 
B streptococcus; GBS)

Listeria 
monocytogenes

Group A streptococcus

Neisseria gonorrhoeae
Enterobacteriaceae
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renal disease or pregnancy [7, 8]. Of the cases of 
L. monocytogenes meningitis in pregnancy 
described in the literature, the average age of 
pregnant women was 26 years without any pre-
disposing conditions identified. A high rate of 
fetal loss, still birth, invasive disease in the new-
born and maternal death were reported [1]. Most 
of the cases of listeria meningitis have occurred 
in healthy pregnant women which argues that 
health care providers should be alert to the pos-
sibility of listeria meningitis in all pregnant 
women with signs and symptoms of meningitis 
and/or listeriosis.

Streptococcus agalactiae (group B strepto-
coccus; GBS) can be isolated from the vaginal or 
rectal cultures of 15–35% of asymptomatic preg-
nant women. Carriage may be transient or inter-
mittent but is frequently chronic (40%), which 
increases the risk of transmission from mother to 
infant. GBS is a common cause of meningitis in 
neonates and can also rarely cause meningitis in 
adults. Risk factors in adults include age older 
than 60 years, diabetes mellitus, pregnancy or the 
postpartum state, cardiac disease, malignancy, 
renal failure, hepatic failure, use of steroids or 
alcoholism [7]. In a meta-analysis of 141 adults 
with GBS meningitis, 1 was pregnant and 6 were 
in the post-partum state [9].

Meningitis due to Enterobacteriaceae in preg-
nant women has not been specifically reported.

 Pathogenesis
Bacterial meningitis in pregnant and non- pregnant 
patients typically occurs by hematogenous spread 
to the CNS either by colonization of the nasophar-
ynx with subsequent blood stream invasion, inva-
sion of CNS due to a localized source or direct 
entry into CNS from a contiguous infection, 
trauma, neurosurgery, cerebrospinal leak or 
infected medical devices (CSF shunts, intracere-
bral pressure monitors or cochlear implants). Of 
the six cases of pneumococcal meningitis reported 
in pregnant patients in the Netherlands between 
2005 and 2010, four were due to otitis [1].

 Clinical Manifestations
There is nothing different or distinctive about the 
presentation of acute bacterial meningitis in 
pregnancy. The classic symptoms of acute bacte-

rial meningitis are sudden onset of fever, change 
in mental status, headache, photophobia, nausea, 
and nuchal rigidity. Less common manifestations 
include seizures, aphasia, coma, cranial nerve 
palsy, rash, and papilledema. Concomitant infec-
tions can also be present such as sinusitis or oti-
tis, pneumonia or endocarditis, which could 
provide clues to the etiology of meningitis [10]. 
Most patients who present with H. influenzae 
meningitis have a concurrent or underlying con-
dition such as sinusitis, otitis media, epiglottis, 
pneumonia, diabetes mellitus, alcoholism, asple-
nia or splenectomy, head trauma with CSF leak 
or an immune deficiency [7]. Similarly, patients 
with S. pneumoniae meningitis often have a con-
tiguous or distant focus of pneumococcal infec-
tion such as otitis media, sinusitis, mastoiditis, 
pneumonia or endocarditis. As mentioned previ-
ously, L. monocytogenes meningitis can have a 
more indolent presentation in pregnant patients 
with the most common findings being fever and 
altered mental status. However, any suspicion of 
meningitis should raise the question of Listeria. 
The presentation of CNS infection by L. monocy-
togenes may include seizures, cranial nerve defi-
cits, and tremors which should raise the suspicion 
of a space-occupying lesion such as an abscess 
[7, 8]. N. meningitidis infection is often accom-
panied by rashes. The classic finding is a pete-
chial rash or palpable purpura, but the presence 
of pustular skin lesions should also raise concern 
for Neisserial infection. The petechial rash is not 
specific to meningococcal infection as it can also 
be associated with other pathogens such as 
Staphylococcus aureus, rickettsial disease 
(Rocky Mountain Spotted Fever) or enterovi-
ruses. Maculopapular rash or arthritis have also 
been described in patients with meningococcal 
meningitis. The classic signs of meningismus 
(Kernig and Brudzinski) may be helpful if pres-
ent, although one study of 297 adults with sus-
pected meningitis found them to be only 5% 
sensitive to indicate meningitis [11].

 Diagnosis
Caution is advised before a lumbar puncture (LP) 
is considered in patients with possible elevated 
intracranial pressure with attendant risk of cere-
bral herniation, thrombocytopenia or a suspected 
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Table 18.2 Cerebrospinal fluid findings in bacterial 
meningitis

Cerebrospinal fluid 
parameter Typical findings
Opening pressure Elevated, 

200–500 mmH2O
White blood cell count >1000/mm3

Percentage of neutrophils >80%
Protein 100–500 mg/dL
Glucose <40 mg/dL
CSF-to-serum glucose ratio <0.4
Gram stain Positive in 60–90%
Culture Positive in 70–85%

Table 18.3 Suggested antimicrobial treatment for acute 
meningitis

Microorganism Treatment
Streptococcus 
pneumoniae

Ceftriaxone or cefotaxime (if 
penicillin MIC <1.0 μg/mL); 
vancomycin (if penicillin 
MIC >1.0 μg/mL)

Haemophilus influenzae 
type b

Ceftriaxone or cefotaxime or 
cefepime

Listeria monocytogenes Ampicillin or penicillin G 
+/− aminoglycoside

Neisseria meningitidis Penicillin G or ampicillin; 
third generation 
cephalosporin if penicillin 
MIC >0.1 μg/mL

Streptococcus 
agalactiae (Group B 
Streptococcus)

Ampicillin or penicillin G 
+/− aminoglycoside

Enterobacteriaceae 
(Escherichia coli, 
Klebsiella spp.)

Ceftriaxone or cefotaxime

spinal epidural abscess. If there is a high suspi-
cion of an intracranial mass either due to pres-
ence of papilledema or focal neurological deficit, 
or if the patient is immunocompromised, pres-
ents with new onset seizure or an abnormal level 
of consciousness, a CT of the head or an MRI of 
the brain should be obtained first. Otherwise, an 
immediate LP should be obtained if there is any 
suspicion for meningitis. If there is any delay in 
performing the LP, blood cultures should be 
obtained and empiric antibiotics started as 
quickly as possible, prior to the LP.

Table 18.2 highlights the classic CSF profile in 
bacterial meningitis. Virtually all cases have ele-
vated CSF opening pressure. Other CSF findings 
include elevated white blood cell (WBC) >1000/
μL with neutrophilic predominance (≥80%). 
However, in meningitis caused by L. monocyto-
genes, a predominance of lymphocytes in CSF can 
be seen. Typical chemistries include CSF glucose 
<40 mg/dL, CSF to serum glucose ratio of ≤0.4, 
and a protein concentration of >200 mg/dL. Gram 
stain is positive in 60–90% of culture positive 
cases. CSF cultures are usually positive unless the 
patient has already received antibiotics. It is impor-
tant, however, to recognize that while antibiotics 
administered prior to obtaining CSF may render 
the cultures negative, they should not alter the gram 
stain findings. Blood cultures are often positive 
(50–90%) and are especially helpful if CSF cannot 
be obtained or if CSF cultures are negative [7, 10].

 Treatment
If high suspicion for bacterial meningitis 
remains and no etiology is found by an LP or if 

an LP is delayed, empiric antibiotics should be 
started after obtaining blood cultures. Suggested 
antimicrobial treatment options for bacterial 
meningitis are listed in Table  18.3. Although 
prospective data is not available in terms of tim-
ing of antimicrobial therapy, several retrospec-
tive studies have shown that delays in the 
administration of antibiotics for acute bacterial 
meningitis increase the risk of unfavorable out-
come such as mortality or residual neurological 
deficits by up to 30% per hour of treatment 
delay. Another retrospective study found a 1.5-
fold increased risk of in- hospital mortality when 
the treatment delay exceeded 6  h [12, 13]. 
Adjunctive dexamethasone use in patients with 
pneumococcal meningitis has been shown to 
reduce unfavorable outcomes and mortality, but 
a significant difference in outcomes was not 
seen in patients with meningitis caused by other 
bacterial pathogens [14].

 Prognosis
Despite prompt diagnosis and treatment, mortal-
ity can remain high in pregnant patients with 
acute bacterial meningitis. Risk factors for unfa-
vorable outcome include otitis or sinusitis, 
absence of rash, low score on the Glasgow Coma 
scale on admission, tachycardia, positive blood 
cultures, elevated erythrocyte sedimentation rate, 
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thrombocytopenia and a low CSF WBC count 
[14]. A study of 15 cases of pneumococcal men-
ingitis in pregnant women in Nigeria between 
1958 and 1962 reported three maternal deaths 
and seven fetal losses (abortion, stillbirth or neo-
natal death) with a high rate of neurologic 
sequelae in surviving women. As would be 
expected, those with the most severe impairment 
in consciousness at the time of admission had the 
worst outcomes [15]. The study’s author also 
compared the incidence and outcome of pneumo-
coccal meningitis in pregnant women with those 
caused by other organisms and concluded that the 
increased susceptibility for pyogenic meningitis 
in pregnancy was specific for this organism.

 Prevention
The most common causes of bacterial meningitis 
during pregnancy can be prevented through rou-
tine vaccination. Vaccines are available for S. 
pneumoniae, N. meningitidis, and H. influenzae.

In the USA, children undergo routine child-
hood immunization against H. influenzae and 
thus vaccination is not necessary for adults except 
for those with prior or impending splenectomy. 
In most developing countries, national immuni-
zation programs have been established to intro-
duce Hib vaccines to all children. However, in 
some countries in Africa and Asia approximately 
60% of children are still unvaccinated [16].

Meningococcal vaccines are typically admin-
istered to all adolescents in the USA. The quadri-
valent meningococcal conjugate vaccine against 
Serogroups A, C, Y, and W135 is given to all ado-
lescents 11–12 years of age with a booster at age 
16 and the serogroup B meningococcal vaccine is 
given to young adults 16–23 years old.

The prevention of meningitis due to L. mono-
cytogenes is an important consideration for preg-
nant patients. As there is no vaccine, prevention 
involves avoiding exposure to the organism. Most 
cases are sporadic and due to contaminated food. 
Women should be counseled to avoid unpasteur-
ized dairy foods. Pregnant women should also be 
vigilant about washing all utensils and surfaces 
that have come into contact with meat to avoid 
cross-contamination [8].

 Non-bacterial Meningitis/
Encephalitis

Non-bacterial meningitis is also referred to as 
aseptic meningitis. Infectious causes may include 
viral, fungal, mycobacterial, spirochetal, and 
rickettsial organisms. Aseptic meningitis may 
also be caused by malignancy or certain medica-
tions. The presentation can be similar to that of 
bacterial meningitis with fever, headache, and 
stiff neck, but the onset is often less acute and the 
sensorium is often less affected. Here, we discuss 
the most common causes of non-bacterial 
meningitis.

 Viral
Viral infections of the CNS can result in aseptic 
meningitis or encephalitis, the latter character-
ized by altered mental status, altered behavior, 
motor or sensory deficits or speech/movement 
abnormality. The distinction between the two can 
frequently be blurred as some patients can pres-
ent with clinical symptoms of both (“meningoen-
cephalitis”). Analysis of the CSF is required as an 
initial step to distinguish between meningitis and 
encephalitis and for establishment of the etiology 
with further testing, such as CSF polymerase 
chain reaction (PCR) testing for herpes simplex 
(HSV)-1, HSV-2 or enteroviruses depending on 
the clinical presentation and exposure history. 
Increased CSF WBC (usually less than 250/mm3) 
with predominance of lymphocytes, elevated 
protein concentration (though less than 150 mg/
dL), and normal glucose concentration are find-
ings consistent with a viral CNS infection. Here 
we present the most common viral infections of 
the CNS. Table 18.4 includes a more comprehen-
sive table of types of non-bacterial meningitis 
pathogens and suggested treatments.

 1. Herpes Simplex Virus (HSV)
The optimal method for establishing the 

etiologic diagnosis of HSV meningitis or 
encephalitis is detection of HSV-1 or-2 DNA 
in the CSF by polymerase chain reaction 
(PCR), either via a dedicated HSV PCR or as 
part of a multiplex assay (“meningitis panel”). 
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Table 18.4 Suggested therapy for viral causes of menin-
gitis/encephalitis

Pathogen Treatment
Cytomegalovirus 
(CMV)

Ganciclovir or valganciclovir 
or foscarnet

Epstein-Barr (EBV) No specific treatment
Herpes Simplex (HSV) Acyclovir
Human Herpesvirus 6 
(HHV6)

Ganciclovir or foscarnet or 
cidofovir

Human 
immunodeficiency 
virus (HIV)

Antiretroviral therapy

Influenza Oseltamivir
JC If applicable or possible, 

reduction of 
immunosuppression

Measles Ribavirin
Varicella-zoster (VZV) Acyclovir
West Nile No specific treatment

CSF viral culture is rarely positive in the early 
stages of infection and use of PCR has largely 
replaced use of viral cultures in most labora-
tories. The CSF profile includes pleocytosis 
(predominantly lymphocytes) with normal 
CSF glucose.

HSV-2 generally causes viral meningitis in 
immunocompetent patients. The majority of 
patients with primary HSV-2 meningitis have 
genital lesions which typically precede CNS 
symptoms. However, the genital lesions may 
not be apparent or symptomatic, especially in 
women, so the finding of HSV-2 in the CSF of 
a pregnant woman—or even the diagnosis of 
aseptic meningitis without an alternate micro-
bial etiology—should prompt an examination 
to look for genital lesions, as genital HSV in 
the mother has significant implications for 
management of the fetus and newborn. HSV 
meningitis is typically not associated with sig-
nificant morbidity or mortality.

In contrast, HSV encephalitis is almost 
exclusively due to HSV-1, which is the most 
common cause of fatal sporadic encephalitis 
world-wide.

Prompt diagnosis and treatment is impor-
tant for HSV encephalitis, as this can be fatal 
if left untreated and the prognosis for neuro-
logic recovery is directly related to the 
patient’s level of consciousness at time of pre-

sentation. Early initiation of treatment with 
acyclovir leads to better outcomes, not only 
for the mother but the baby as well. 
Neurological impairments such as status epi-
lepticus in a mother with known history of 
epilepsy and another case with recurrent sei-
zure and anterograde memory loss 1 year after 
the infection have been reported [17–19].

 2. Cytomegalovirus (CMV)
Although rare and typically seen in patients 

with acquired immune deficiency syndrome 
(AIDS), CMV encephalitis can occur in 
immunocompetent patients and has been 
associated with other neurologic sequelae. 
CMV infection of the CNS can present as 
cerebral mass lesion, transverse myelitis or 
polyradiculomyelitis. Clinical manifestations 
are not different from other infectious enceph-
alitis. Diagnosis is made by finding CMV 
DNA by PCR in the CSF.

 3. Measles
Measles during pregnancy is associated 

with increased risk of maternal and fetal com-
plications [20, 21]. Maternal neurologic com-
plications associated with measles include 
encephalitis, subacute sclerosing panencepha-
litis (SSPE), and acute disseminated encepha-
lomyelitis (ADEM).

 Fungal Infections
Fungal meningitis is more common in patients 
with compromised cellular immune function. 
The most common pathogenic fungi to cause 
meningitis are Cryptococcus neoformans, 
Coccidioides immitis, and Histoplasma capsula-
tum. Though rare in pregnancy, this should be 
considered in those with unexplained headaches, 
altered mentation, and certain risk factors or 
environmental exposures. The clinical presenta-
tion can be similar to bacterial meningitis. For the 
purpose of this chapter, other fungal organisms 
such as Aspergillus or zygomycetes will not be 
discussed.

Cryptococcus neoformans
C .neoformans, the most common cause of fun-
gal meningitis in immunocompromised patients 
(especially AIDS), has been reported in pregnant 
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women. The organism is typically found in soil 
and bird droppings world-wide. The CSF profile 
typically shows pleocytosis with a mononuclear 
predominance, elevated protein, and low glucose. 
This organism causes a basilar meningitis which 
may lead to block of CSF drainage, and elevated 
intracranial pressure can be associated with sig-
nificant morbidity and mortality. A positive 
Cryptococcal antigen in the CSF strongly sup-
ports the diagnosis. Treatment includes 
Amphotericin B alone or in combination with 
flucytosine. There is no data regarding fetal tera-
togenic effects. A few cases of cryptococcal men-
ingitis have been reported in immunocompetent 
and HIV-infected pregnant women with a posi-
tive mother-baby outcome and no reports of cryp-
tococcal disease in the infant after birth [22–24].

Coccidioides immitis
Coccidioides (C. immitis and C. posadasii) are 
dimorphic fungi endemic in the deserts of the 
southwestern region of the USA, Mexico, and 
Central and South America. Coccidiomycosis is 
usually a self-limiting infection, however, the 
risk of disseminated disease following an asymp-
tomatic pulmonary infection is increased in 
immunocompromised patients, with pregnancy 
as a well-recognized risk factor. If meningitis 
occurs during pregnancy, it can have devastating 
complications. Pregnant women residing in an 
endemic area with symptoms suggestive of the 
coccidioidal meningitis should be tested. Serum 
or CSF [1, 3]-beta-d-glucan may be elevated in 
patients with CSF involvement. Definitive diag-
nosis requires histopathologic identification, a 
positive culture with Coccidioides spp. and sero-
logic testing. Complement fixation assay to 
detect coccidioidal antibodies is an important 
method to diagnose coccidioidal meningitis. The 
decision to treat depends on the stage of preg-
nancy and degree of illness. Pregnant women 
with coccidioidomycosis should be managed by 
infectious diseases specialists in collaboration 
with maternal-fetal medicine specialists. Azole 
antifungals are typically contraindicated, espe-
cially in the first trimester, and therefore intrathe-
cal amphotericin B deoxycholate is used instead 
for treatment of coccidioidal meningitis [25].

Histoplasma capsulatum
Histoplasmosis, caused by Histoplasma capsula-
tum, is found worldwide but more common in 
Central America and North America (particularly 
in the Midwestern states such as Ohio and 
Mississippi River valleys). Infection may be 
asymptomatic or present as pulmonary disease, 
however, disseminated histoplasmosis should be 
considered in those with risk factors for the dis-
ease and presence of fever, fatigue, and weight 
loss with other end organ involvement. CNS 
involvement should be suspected if the patient 
has altered mental status or other neurologic 
abnormalities. Establishing the diagnosis of his-
toplasma meningitis can be difficult but if sus-
pected, CSF (fungal culture, Histoplasma antigen 
test, anti-histoplasma antibody test), serum (fun-
gal blood culture, Histoplasma antigen test, anti- 
histoplasma antibody test), urine Histoplasma 
antigen testing and possibly bone marrow fungal 
culture should be obtained [26, 27]. If suspicion 
remains high, diagnosis of histoplasmosis should 
not be excluded if CSF cultures do not yield H. 
capsulatum and a meningeal or brain biopsy may 
be required to make the diagnosis. Due to poor 
penetration of most antifungals into the CSF, 
treatment for Histoplasma meningitis can be dif-
ficult and should be managed in conjunction with 
an infectious disease specialist. Induction therapy 
with liposomal amphotericin B for 4–6 weeks is 
generally recommended followed by itracon-
azole for at least a year, or an azole anti-fungal 
for life if the patient is at risk for relapse [26–28]. 
Treatment in pregnant women can be challenging 
as azoles are contraindicated in the first trimester 
due to the risk of teratogenicity.

 Mycobacterial
Primary active tuberculosis (TB) can progress 
into TB meningitis especially in adults with an 
underlying immunocompromising condition. 
CNS TB accounts for about 1% of tuberculosis 
cases and about 4% of extrapulmonary disease in 
the USA [29], however, prior epidemiological 
studies have estimated that 10% of patients with 
active TB can develop TB meningitis with an 
incidence as high as 20.6 per 1,000,000 in highly 
endemic countries [30, 31]. Some case reports 
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have been published implying the rarity of its dis-
ease in the pregnant population [32–34]. 
Symptoms of TB meningitis, such as stiff neck, 
headache, and fevers, can be similar to bacterial 
meningitis. However, TB meningitis typically 
has a subacute presentation with onset of clinical 
presentation ranging from 1 to 3 weeks and in 
some cases, more than 3 weeks [35]. TB menin-
gitis should be suspected in patients with the 
above clinical manifestations and risk factors 
such as history of prior TB infection, prior TB 
exposure, and travel to or past/present residence 
in a country with high TB burden. Work up 
should include radiographic imaging such as CT 
or MRI of the brain as well as CSF examination 
with opening pressure, routine CSF studies, 
nucleic acid amplification test (NAAT), and acid- 
fast bacilli (AFB) smear and culture of the 
CSF.  The diagnosis of TB meningitis can be 
made in the setting of typical CSF findings for 
TB meningitis (lymphocytic pleocytosis, low 
glucose concentration, elevated protein concen-
tration), moderately elevated opening pressure 
(180–300  mmH2O), positive CSF AFB smear, 
positive NAAT, or culture positive for M. tuber-
culosis. It should be noted, however, that the 
number of AFB in the CSF of patients with TB 
meningitis is very low so AFB smears of CSF are 
rarely positive and a large volume of CSF must 
be obtained in order to increase the yield of AFB 
culture. Empiric treatment for TB meningitis 
should not be delayed due to the high complica-
tion rate and morbidity if left untreated. Treatment 
consists of prompt administration of anti- 
tuberculous therapy in conjunction with gluco-
corticoids. Complications such as hydrocephalus 
can be seen at the time of treatment and can be 
managed with serial lumbar punctures with clini-
cal monitoring, however, due to the nature of 
rapid neurological decompensation, surgical con-
sultation is typically warranted. Pregnant women 
with TB meningitis should undergo treatment as 
untreated TB can pose a greater risk to both the 
mother and the baby than potential complications 
of any of the medications [36]. To maximize 
adherence and as recommended by World Health 
Organization (WHO), TB therapy should be 
administered as directly observed therapy with 

clinical case management. We recommend refer-
ring to the WHO guidelines regarding anti- 
tuberculous treatment and agents. Due to the 
complexity of the disease, patients with TB men-
ingitis should also be managed in conjunction 
with an infectious disease specialist.

 Spirochetal

 Syphilis
Neurosyphilis, infection of the CNS by 
Treponema pallidum, can occur at any time after 
initial syphilis infection. Clinical manifestations 
in pregnant patients are similar to non-pregnant 
patients, described further in Table  18.5. 
Diagnosis requires CSF examination, with char-
acteristic findings of lymphocytic pleocytosis 
(<100 cells/μL), elevated protein concentration 
(<100  mg/dL), and a reactive CSF-Venereal 
Disease Research Laboratory (VDRL) test. 
Treatment includes aqueous penicillin G (18–24 
million units per day, administered as three to 
four million units intravenous [IV] every 4 h, or 
24 million units daily as a continuous infusion) 
for 10–14 days, or procaine penicillin (2.4 mil-
lion units intramuscular [IM] once daily) plus 
probenecid (500  mg orally four times a day), 
both for 10–14 days [37].

 Parasitic

 Malaria, Cerebral
Pregnant women are particularly vulnerable to 
malaria, specifically from severe disease caused 
by Plasmodium falciparum. Cerebral malaria is 
the most severe neurological complication seen 
in patients infected with malaria. The cerebral 
edema and elevated intracranial pressure com-
monly associated with cerebral malaria contrib-
utes to the high mortality rate in P. falciparum 
malaria. Persistent neurocognitive deficits are 
also seen which can last for decades [38]. 
Symptoms include impaired consciousness, 
delirium, and/or seizures with the severity 
depending on time between onset of symptoms 
and initiation of therapy, parasite burden, and 
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Table 18.5 Clinical manifestations of neurosyphilis

Early neurosyphilis Late neurosyphilis
Duration <1 year after initial infection >1 year after initial infection up to decades after primary 

infection
Clinical 
manifestations

Symptomatic meningitis Dementia
Cranial neuropathies or ocular 
disease

Personality change

Meningovascular 
stroke + meningitis

General paresis

Tabes dorsalis
Sensory ataxia
Incontinence

Table 18.6 Primary sources and associated microorgan-
isms of common intracranial space occupying abscesses

Source of infection Organisms
Heart (Endocarditis) Staphylococcus aureus

Viridans streptococci
Lungs Actinomyces spp.

Fusobacterium spp.
Streptococcus spp.

Neurosurgical procedures Enterobacter spp.
Pseudomonas 
aeruginosa
Staphylococcus spp.
Streptococcus spp.

Sinusitis and dental 
infections

Bacteroides spp.
Enterobacteriaceae
Fusobacterium spp.
Haemophilus spp.
Prevotella spp.
Staphylococcus aureus
Streptococcus spp.

Otitis media or mastoiditis Actinomyces
Bacteroides spp.
Enterobacteriaceae
Nocardia spp.
Pseudomonas 
aeruginosa
Prevotella spp.
Staphylococcus aureus
Streptococcus spp.

Penetrating head trauma Clostridium spp.
Enterobacteriaceae
Pseudomonas 
aeruginosa
Staphylococcus spp.
Streptococcus spp.

immune response. In patients with abnormal neu-
rological clinical presentations, the diagnosis of 
cerebral malaria requires the presence of 
P.  Falciparum in peripheral blood smear. CSF 
findings can be normal in patients with cerebral 
malaria, however, mild pleocytosis, elevated pro-
tein, and low glucose can also be seen. Intravenous 
Artesunate is currently the treatment of choice 
for cerebral malaria in pregnancy. If suspicion is 
high in an immigrant or returning traveler from 
an endemic location, treatment should be started 
promptly as untreated cerebral malaria is almost 
universally fatal [39, 40]. Because the risk of 
complications and poor outcomes is so high, and 
because some of the prophylactic medications 
are not approved in pregnancy, pregnant women 
should be discouraged from travel to endemic 
areas.

 Space Occupying Abscess

Intracranial space occupying abscess can occur 
either by a direct spread (20–60% of cases) or 
hematogenous spread. Though rare in pregnancy, 
the etiology of abscess is similar to non-pregnant 
patients with most arising from sinus or odonto-
genic sources. The most frequent organisms 
causing brain abscess are Staphylococcus and 
Streptococcus spp. See Table  18.6 for primary 
sources of infection and associated microorgan-
isms [41]. MRI should be performed to detect the 
lesion, with tissue sampling via stereotactic 
CT-guided aspiration or surgery for gram stain, 
aerobic/anaerobic, mycobacterial, and fungal 
culture. Modified acid-fast stain should be per-

formed if there is high suspicion for Nocardia 
spp. [42]. Once diagnosed, immediate neurosur-
gical intervention is necessary to decrease mor-
bidity and mortality, along with long-term 
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intravenous antibiotics targeted toward the iden-
tified organism. As the most common source is 
odontogenic, good oral hygiene plays a pivotal 
role in prevention of brain abscess during 
pregnancy.

 Conclusion

Pregnant women have enhanced susceptibility to 
some types of infections due to underlying altera-
tions in immune function. Though data regarding 
intracranial infections specific to pregnant 
women is limited, this chapter highlighted a gen-
eral approach to management of CNS infections 
in pregnant women. For optimal management of 
these complex infections, an Infectious Diseases 
specialist should be consulted early as part of a 
multidisciplinary approach.
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19Neuroanesthesia in the Parturient

Carl L. Esser, Matthew B. Berman, 
Sanjeev Sreenivasan, Gaurav Gupta, 
and Christopher Fjotland

 Intro

Very infrequently is the anesthesiologist faced 
with providing neuroanesthesia during pregnancy 
which makes it very challenging for even the 
most experienced individuals. The challenge lies 
in achieving the appropriate balance between 
protecting the mother and determining safety for 
the fetus [1]. Anesthetic management of patients 
during pregnancy is largely theoretical since 
there is insufficient evidence and studies to com-
pletely qualify exact methods and/or guidelines 
to be followed [2]. Normal physiology is altered 
in the parturient which adds to the complexity of 
management and anesthesia care [1, 2]. 
Ultimately, there should be avoidance of damag-
ing drug effects for the fetus and safe delivery of 
anesthesia techniques [3].

Most cases that are indicated for intervention 
include trauma including head injury, intracranial 
vascular lesions, intracranial tumor, and spinal 

cord tumors and lesions [3]. A multi-disciplinary 
approach is needed for these patients including 
collaboration among the obstetrician, neurosur-
geon, and neuroanesthetist [4]. Due to the rarity 
of these cases, management of obstetric patients 
that requires any neurological intervention 
requires a team approach with close communica-
tion between the neurosurgeon, obstetrician, and 
anesthesiologist regarding the sequence, timing, 
mode of delivery, and the neurosurgical interven-
tion [4].

There are currently no standardized guidelines 
for the management of the pregnant patient with 
neurological pathology and, ultimately, the anes-
thetic management for that patient if she were to 
require an intervention [5]. One case study has 
shown that 7 out of 16 pregnant patients who 
underwent neurosurgery had no obstetric compli-
cations and delivered full term [5]. This chapter 
focuses on the anesthetic management for preg-
nant patients who require neurosurgical interven-
tion prior to or during delivery.

 Neuroanesthesia 
and Intraoperative Management 
for the Pregnant Patient

Intraoperative monitoring for pregnant patients is 
really no different from the general population 
and should include all standard American Society 
of Anesthesiology (ASA) monitors as well as 
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fetal heart rate (FHR) monitoring if the fetus is 
beyond 20 weeks gestation. Invasive arterial 
pressure monitoring is warranted with two large 
bore intravenous (IV) catheters. A central venous 
catheter may be needed depending on the nature 
of the procedure and the anticipated need for 
vasopressor use [6]. Utilization of isonatremic, 
isotonic, and glucose-free solutions with hourly 
urine output monitoring is necessary to reduce 
the risk of cerebral edema and hyperglycemia 
[7]. Optimal operative positioning is the dorsal 
decubitus position with trunk rotation to the left 
with a log roll to help prevent aortocaval com-
pression [8].

Careful airway assessment and management 
planning is necessary as always with pregnant 
patients. Smaller than usual oral endotracheal 
tubes should be used for general anesthesia with 
all difficult airway equipment on hand including 
the laryngeal mask airway (LMA) in case of dif-
ficult intubation and fiberoptic laryngoscopy if 
necessary for awake intubation [9]. These patients 
are considered “full stomachs” and present a high 
risk for aspiration so they should be given a non-
particulate antacid such as 30  mL of sodium 
citrate (Bicitra), an H2 receptor antagonist such as 
famotidine (20  mg IV) and metoclopramide 
(10 mg) to help decrease the acidity and volume 
of gastric contents. Anesthetic induction should 
be a combination of rapid sequence due to 
increased risk of aspiration and a slow “neuro 
induction” to help minimize a hemodynamic 
response to intubation, especially in patients with 
elevated intracranial pressure (ICP) or an intra-
cranial aneurysm [10]. General anesthesia can be 
maintained with either total IV anesthesia using 
propofol or a balanced IV plus volatile anesthe-
sia. Nitrous oxide is contraindicated because it 
can increase ICP, impair autoregulation, expand 
air bubbles, increase cerebral blood flow and 
cerebral metabolic rate, and may contribute to 
(postoperative nausea and vomiting) PONV [11].

Even though pregnant patients require about a 
30% reduction in MAC, research shows that a 
regular dose of volatile anesthetic should be used 
to avoid awareness [12]. Volatile anesthetics suit-
able for anesthesia during pregnancy include 
sevoflurane and isoflurane and these are appro-

priate for neuro-anesthesia as they reduce cere-
bral metabolic rate, have the least effect on ICP 
and provide a level of cerebral protection [12]. 
Prolonged hyperventilation is not recommended 
in pregnancy [13]. Normal arterial carbon diox-
ide tension (PaCO2) is 28–32 mmHg during preg-
nancy owing to an increase in minute ventilation 
and studies have shown that hyperventilation to a 
PaCO2 <25  mmHg is associated with adverse 
patient outcomes [13]. Severe hypocarbia may 
impair fetal oxygen delivery by shifting the 
maternal oxygen-hemoglobin dissociation curve 
to the left [13]. However, a PaCO2 between 28 
and 30  mmHg is usually sufficient for surgical 
conditions without interfering with fetal oxygen-
ation [13, 14].

Some case studies have shown the use of a 
single, low dose of mannitol had no overt mater-
nal or fetal/neonatal adverse effects either acutely 
or longitudinally [15]. Even though mannitol has 
been shown to cross the placenta and may accu-
mulate in the fetus, a one-time dose and dosages 
used clinically (0.5–1 g/kg) are unlikely to cause 
severe fluid or electrolyte abnormalities in the 
fetus [15]. Furosemide is an alternative to man-
nitol [16]. Dexmedetomidine is another medica-
tion that has often been thought to be 
contraindicated in pregnancy, but again multiple 
case reports have shown no long-term adverse 
effects for parturients or fetuses [17, 18].

Hypotension needs to be aggressively treated, 
especially systolic blood pressure <90 mmHg to 
ensure adequate uteroplacental perfusion and 
maintain targeted cerebral perfusion pressure of 
50–70  mmHg. Ephedrine was once considered 
the drug of choice for pregnant patients for treat-
ing hypotension, however, recent studies have 
shown no evidence of deleterious effects of phen-
ylephrine on fetal wellbeing. For the reverse, 
labetalol is both effective for the mother to treat 
hypertension and safe for the fetus [19]. 
Intracranial pressure also should be kept below 
20 mmHg and managed as needed with osmotic 
diuretics such as hypertonic saline, mannitol 
(0.25–1 g/kg) and raising the head of the bed by 
15–20° [20].

If it is determined the fetus should be deliv-
ered prior to a neurosurgical procedure, 
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regional or neuraxial anesthesia can be consid-
ered. Epidural anesthesia provides the advan-
tage of maintaining stable blood pressure 
parameters and allowing neurological status 
assessment during surgery [12, 21]. Most stud-
ies have concluded that if the pregnancy is in 
the third trimester with a viable fetus, up-front 
delivery is the first choice to keep the risk of 
the maternal death not higher than in non-preg-
nant females undergoing such surgery [21]. 
Early delivery would also bypass the need for 
obstetric intervention if the FHR tracing 
becomes concerning during a neurosurgical 
procedure. Additionally, the delivery of the 
fetus before surgery eliminates concern for 
adverse pregnancy outcome when interven-
tions for cerebral protection are used such as 
hyperventilation, induced hypertension or 
hypotension, or administration of mannitol 
[15]. The optimal time to perform surgery dur-
ing pregnancy is still a matter of debate [22].

Upon emergence, the pregnant patient should 
be fully awake with airway reflexes intact. There 
also needs to be an effort to prevent coughing and 
straining upon emergence which could worsen 
ICP or an intracranial hemorrhage. Prevention 
may be facilitated through administration of lido-
caine 75–100 mg, fentanyl 25–50 μg, or a titra-
tion of dexmedetomidine at the end of the 
operation [17].

 Trauma and Traumatic Brain Injury

Trauma actually complicates 6–7% of all preg-
nancies and is a leading cause of maternal death 
and morbidity [23]. In fact, trauma is the leading 
cause of non-obstetric maternal death in the USA 
[23]. Incidence of trauma during pregnancy is 
8%, 40%, and 52% in the first, second, and third 
trimesters, respectively [24]. Maternal resuscita-
tion follows the standard guidelines for trauma 
management. The fetus should be assessed dur-
ing or immediately after maternal stabilization 
and it should be determined if an emergent cesar-
ean section is warranted or not [24]. While initial 
stabilization of the mother should take priority, 
further assessment and subsequent management 

should consider both the mother and child [23, 
24]. If the fetus is not near term, neurosurgery 
can be performed without attempt of delivery 
with continuous FHR monitoring and readiness 
to deliver the baby immediately if fetal distress 
develops. However, if the fetus is near or at term, 
cesarean section follow by craniotomy may be 
the safest option to ensure the best maternal and 
fetal outcomes [23].

Modest short-term hyperventilation may be 
temporarily used to reduce elevated ICP or to 
help improve surgical exposure during craniot-
omy. Aggressive fluid resuscitation is encouraged 
even in normotensive patients as signs of hypovo-
lemia may be masked in pregnancy due to the 
relative hypervolemic and hemodiluted state 
[25]. To prevent uterine atony after cesarean sec-
tion, avoidance of high concentrations of volatile 
anesthetics should occur together with use of 
uterotonic drugs [26]. Drug infusions should be 
titrated with strict monitoring of arterial blood 
pressure and continuous FHR monitoring. Most 
studies say emergent cesarean section after trau-
matic head injury is the best option for the fetus 
[23]. For patients with possible cervical spine 
injury, fiberoptic intubation techniques may be 
preferable to avoid further injury [27].

The management of the pregnant patient with 
neurotrauma is discussed in detail in this 
chapter.

 Intracranial Tumors

Primary central nervous system tumors occur in 
about 6 in 100,000 females, but are similar in fre-
quency in both pregnant and non-pregnant 
women [28]. There is much evidence and a strong 
correlation between pregnancy hormones and the 
growth of meningiomas owing to the expression 
of sex hormone receptors by tumor cells [29]. 
Sometimes treatment for these tumors can be 
postponed into the postpartum as long as no 
aggressive behavior or irreversible deficits are 
anticipated [29]. If necessary, non-urgent surgery 
should be performed during the second trimester 
when preterm contractions and spontaneous 
abortion are the least likely [29].
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As with other neurosurgical procedures dur-
ing pregnancy, anesthetic concerns include 
proper positioning, avoidance of extremes of 
blood pressure, possible induction of labor, and 
treatment of postpartum hemorrhage during 
anesthesia [9]. A balanced and prolonged discus-
sion between the neurosurgeon, obstetrician, and 
anesthesiologist regarding the use of diuretics for 
brain relaxation is necessary due to purported 
risks during pregnancy [3].

Systemic steroids, which are a hallmark of 
medical management for CNS tumors, are often 
avoided due to the risk of causing suppression of 
the fetal pituitary-adrenal axis [30]. Awake brain 
tumor resection has its unique advantages and 
should be considered when indicated even in 
patients who are pregnant. In such cases, local 
anesthetic infiltration serves as the mainstay of 
analgesia and low infusions of either propofol, 
remifentanil and/or dexmedetomidine are uti-
lized for mild sedation particularly during open-
ing and closing. This approach may help to 
minimize fetal exposure to anesthetics. 
Ultimately, adequate preoperative preparation 
and counseling are necessary so that the patient 
understands the entire process and what to expect 
[31].

Considerations for evaluating and managing 
the pregnant patient with brain tumors and sel-
lar lesions are described in detail in Chaps. 36 
and 37.

 Vascular Lesions

Intracranial hemorrhage is responsible for 5–12% 
of all maternal deaths, however, the overall inci-
dence of cerebrovascular pathologies in pregnant 
patients is low, between 0.01% and 0.05% of all 
pregnancies [32]. Maternal mortality may be as 
high as 35–80% for aneurysmal and 28% for 
arteriovenous malformation (AVM)-related hem-
orrhages [32]. Most often, hemorrhage due to 
AVM or aneurysm occurs during the third trimes-
ter and the primary goal is to maintain cardiovas-
cular stability [32]. The risk of bleeding is 
purportedly increased during pregnancy owing to 
the physiologic changes associated with preg-

nancy such as increased intravascular volume and 
cardiac output along with the effects of hormones 
on vessel walls [33]. Subarachnoid hemorrhage 
(SAH) is the most common consequence of a 
ruptured intracranial aneurysm or AVM [34]. 
SAH may be up to five times more common dur-
ing pregnancy as compared with non-pregnant 
states and is associated with significant morbidity 
and mortality [32].

Hormonal changes and hemodynamic stress 
may cause an increase in the risk of aneurysm 
development and rupture during pregnancy; and 
these changes are mostly seen in the last 3 months 
of pregnancy or during the process of labor [35]. 
Other reported factors that may potentiate aneu-
rysm progression during pregnancy include high 
levels of relaxin and increased wall tension from 
intraparenchymal artery hypoplasia [35].

When a pregnant patient arrives complaining 
of a headache, evaluation of the patient must be 
thorough and requires a detailed neurologic 
assessment. Eclampsia is one of the differential 
diagnoses of SAH because of similarity of pre-
senting symptoms such as seizures and acute- 
onset elevated blood pressure and needs to be 
ruled out [32].

Neurosurgical resection offers the best treat-
ment option for a ruptured AVM either alone or 
in combination with preoperative embolization. 
Embolization alone as the sole treatment only 
provides a 20% recovery rate. Surgical interven-
tion mainly depends on the risk of rupture or 
rebleeding of the vascular lesions as well as the 
gestational age of the fetus. All marginally via-
ble fetuses should be monitored perioperatively 
or even delivered prior to neurosurgery if gesta-
tional age allows [36]. If there is a high risk of 
rupture or re-rupture, then the patient should 
undergo delivery followed by immediate surgi-
cal repair [36]. It is advised that for gestational 
ages beyond 34 weeks, cesarean section under 
general anesthesia be performed followed 
immediately by aneurysm surgery [37]. 
Hypotension should be avoided due to the risk 
of hypoperfusion to the fetus as well as osmotic 
agents which can cause fetal hyperosmolarity 
[37]. In early pregnancy cases when an aneu-
rysm is clipped, the pregnancy can progress 
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until term and delivery can proceed vaginally 
with care taken to minimize acute maternal 
hypertension [37]. Endovascular treatment, 
most often via aneurysm coiling, represents 
another viable option for management of cere-
bral aneurysms. Notably, maternal complica-
tions were more than twice as frequent in 
patients who underwent clipping versus coiling 
for  aneurysm rupture. However, there is debate 
as to whether surgical clipping or coil emboliza-
tion provides greater long-term stability [37]. 
Endovascular intervention is also associated 
with risk of fetal irradiation due to reliance on 
ionizing radiation.

Anesthetic goals during AVM or aneurysm 
surgery are to avoid rapid swings in transmural 
pressure by minimizing arterial and ICP changes 
and cerebral perfusion pressure should be main-
tained to provide flow to areas of potentially 
abnormal autoregulation [37]. Elective cesarean 
section has been suggested in women with an 
untreated or partially treated AVM, especially if 
it has bled during pregnancy to try to avoid 
hemodynamic changes of labor which ulti-
mately could stress the fragile vessels of the 
malformation [32].

The approach to the patient with ruptured and 
unruptured vascular lesions, including a detailed 
discussion of data regarding the link between 
pregnancy and hemorrhage, is provided in Chaps. 
8 (Aneurysms) and 9 (AVMs).
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20Analgesia and Pain Management 
During Pregnancy

Robert Ross and Kate Balbi

 Labor Analgesia

There are three stages of labor, and in providing 
analgesia, it is imperative that the clinician have 
an understanding of what each stage entails, as 
well as the modulation of related pain pathways.

Pain during the first stage of labor (cervical 
dilation) is primarily caused by uterine contrac-
tion and changes in the both the cervix and lower 
uterine segment. This pain is transmitted by vis-
ceral nerve fibers that enter the spinal cord from 
T10 to L1. During the second stage of labor 
(complete cervical dilation to delivery) pain is 
primarily caused by distention and ischemia of 
the pelvic floor, perineum, and vagina. This pain 
is transmitted by somatic nerve fibers that enter 
the spinal cord from S2 to S4. The third stage of 
labor begins after delivery and is completed when 
the placenta, which separates from the uterine 
wall, is passed through the vaginal orifice [1].

While neuraxial anesthesia remains the most 
effective and most widely used form of pain relief 
during labor, intravenous anesthesia, inhaled 
anesthesia, and post-operative pain management 
will all be discussed.

 Neuraxial

Neuraxial techniques are advantageous as they 
allow the parturient to remain awake without 
sedative side effects, while providing a predict-
able and sufficient analgesia for labor and deliv-
ery. The primary anesthetic goal of epidural 
analgesia for this patient population is to provide 
maximum sensory relief, with minimal motor 
involvement—to preserve the patient’s ability to 
push and facilitate vaginal delivery of the 
newborn.

Epidural Epidural analgesia involves threading 
a catheter into the epidural space to allow for 
continuous analgesia. For labor analgesia, the 
catheter is usually placed from L2 to L5 and can 
be performed with the patient in the sitting or lat-
eral position. To locate the epidural space, a tac-
tile technique known as “loss of resistance” is 
implemented and, when performed correctly, the 
introducer (Tuohy needle) does not piece the 
dura [2].

While specific combinations vary by institu-
tion, analgesia is achieved by an epidural infu-
sion containing both a local anesthetic and a 
narcotic. The synergistic effect of using dilute 
concentrations of local anesthetics combined 
with narcotics enables the clinician to maximize 
pain relief, with minimal effect on the patient’s 
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ability to actively participate in the second stage 
of labor.

Dilute concentrations of amide local anesthet-
ics including bupivacaine and ropivacaine are the 
most commonly used, with the addition of the 
commonly used narcotics such as fentanyl and 
sufentanil. An advantage of an epidural is that the 
catheter can be dosed with a more potent local 
anesthetic, for the conversion to a cesarean sec-
tion, retained placenta, post-delivery dilation and 
evacuation, laceration repair, or post-partum 
tubal ligation. An epidural catheter provides 
access to the epidural space; what local anes-
thetic combination is administered through the 
catheter will determine the degree of sensory and 
motor blockade.

Spinal While the most common indication for a 
spinal in the parturient is a cesarean section, spi-
nal anesthesia can be used for vaginal delivery or 
a postpartum procedure such as laceration repair, 
retained placenta, or post-partum tubal ligation. 
For a vaginal delivery, a spinal can be especially 
helpful for pain associated with the second stage 
of labor and an instrumented delivery.

For a cesarean section, a hyperbaric solution 
of local anesthetic is typically used. This allows 
for a high sensory level with a short onset of 
action. The block can be supplemented with a 
narcotic to improve the quality of anesthesia, and 
epinephrine to prolong the duration of the block. 
Performing a spinal injection involves using a 
24–26 gauge “pencil-point” needle to reduce the 
risk of a post-dural puncture headache [2].

Combined Spinal Epidural (CSE) CSE is a 
technique that involves both administering sub-
arachnoid medication and then placing an epi-
dural catheter. When compared to an epidural, 
advantages of a CSE include lower maternal and 
fetal plasma concentrations of medications, faster 
onset of analgesia, a denser block, and lower fail-
ure rate. When compared to a spinal, a CSE 
results in less hypotension, allows for the exten-
sion of the blockade with the epidural catheter 
and is technically easier in obese patients. 

Disadvantages of a CSE include a post-dural 
puncture headache and the inability to test that 
the epidural is in the correct position until after 
the spinal anesthesia has worn off [2].

 Contraindications to Neuraxial 
Anesthesia

 1. Patient refusal
 2. Infection at the needle insertion site
 3. Significant coagulopathy
 4. Hypovolemic shock
 5. Increased intracranial pressure
 6. Inadequate provider expertise.

 Complications of Neuraxial 
Anesthesia

Unintentional dural puncture Unintentional 
dural puncture in the obstetric patient is cited at 
1.5% of which approximately half will experi-
ence a post-dural puncture headache [3]. 
Symptomatic patients can be managed conserva-
tively with hydration, analgesics, and caffeine. 
An epidural blood patch can be offered to those 
that fail to respond to conservative therapy.

Other side effects include pruritus, nausea, 
shivering, and urinary retention. Rare but serious 
side effects include meningitis, epidural hema-
toma, arachnoiditis, and nerve or spinal cord 
injury. Due to the systemic vessel engorgement 
seen in pregnant women, parturients are at a 
higher risk of unintentional intravascular injec-
tion. An intravascular injection of local anesthetic 
can lead to local anesthetic systemic toxicity that 
may manifest as tinnitus, seizures, or cardiac 
arrest [1].

 Intravenous Analgesia

Opioids Although all opioids cross the placenta, 
they are commonly used for pain relief in the par-
turient. Fetal side effects of opioids include 
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decreased fetal heart rate variability and dose- 
related respiratory depression. Maternal side 
effects include hypoventiliation, nausea, vomit-
ing, and pruritis. The specific opioid selected is 
often based on local availability and provider 
preference as the incidence of side effects are 
largely dose-dependent rather than drug- 
dependent. Butorphanol, a synthetic opioid with 
agonist-antagonist properties is commonly used 
for labor analgesia [1].

Remifentanil Remifentanil, which undergoes 
rapid hydrolysis by plasma and tissue esterases, 
has been used for labor analgesia. Remifentanil’s 
rapid onset and offset make it a good choice for 
the cyclical pain associated with uterine contrac-
tions. Although not comparable to pain relief pro-
vided by neuraxial anesthesia, patient-controlled 
analgesic (PCA) via remifentanil is a good alter-
native for those not a candidate for neuraxial 
approaches. When used as a PCA, 1:1 nursing 
and continuous pulse oximetry and capnography 
is strongly recommended [1].

 Non-opioid Analgesia

Acetaminophen Acetaminophen, a weak inhibi-
tor of both cyclooxygenase (COX)-1 and COX-2, 
is the first-line treatment for mild pain in a partu-
rient [2].

Ketamine Ketamine, an antagonist at NMDA 
receptors, is a dissociated analgesic and works 
synergistically when administered with opioids. 
While not recommended for labor analgesia, ket-
amine’s rapid onset is ideal for urgent situations 
such as episiotomy or induction of general anes-
thesia in a hemodynamically unstable patient [2].

 Inhaled Anesthesia

Nitrous, when administered with 50% oxygen, is 
a mild analgesic and is offered at some centers 
for labor analgesia. It is self-administered and 
when not administered in conjunction with opi-
oids, it does not cause respiratory depression, 

hypoxia or loss of protective airway reflexes. 
Side effects include nausea, dizziness, paresthe-
sias, and dry mouth. Although nitrous does cross 
the placenta, adverse effects on the fetus have not 
been noted [1].

 Post-operative Pain

Neuraxial Anesthesia Neuraxial opioid admin-
istration is the gold standard for post-cesarean 
analgesia. Neuraxial opioids exert their effect on 
spinal cord receptors and when dosed appropri-
ately, they do not cause respiratory depression. 
Although there is a higher incidence of pruritis 
when opioids are administered neuraxially, anal-
gesia is superior compared to intravenous or oral 
opioids. Because neuraxial opioids exert their 
effect on spinal cord receptors, intrathecal admin-
istration is superior to opioids administered in the 
epidural space. Common opioids used are fen-
tanyl, which is lipid soluble and short acting, and 
morphine, which has a prolonged duration of 
action [1].

 Regional Blocks

Transversus abdominis plane (TAP) block, usu-
ally preformed under ultrasound guidance is 
accomplished by administering local anesthetic 
medication in the fascial plane between the inter-
nal oblique and transversus abdominis muscles. 
This block is administered bilaterally and is ideal 
for post-cesarean section pain in those unable to 
receive long-acting morphine neuraxially [2].

 Conclusion

It is important for clinicians to understand the 
pain pathways involved in labor to adequately 
provide analgesia. Neuraxial anesthesia includes 
epidural, spinal, and CSE and are the most effec-
tive and most widely used form of analgesia dur-
ing labor. Advantages of neuraxial anesthesia 
include providing sensory pain relief while pre-
serving motor and mental status. Complications 
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from neuraxial anesthesia are rare and include 
headache and pruritus. Alternatives to neuraxial 
anesthesia include intravenous medication, 
inhaled and regional anesthesia.
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21Management of Multiple Sclerosis 
in Pregnancy

Konstantin Balashov and Yaritza Rosario

 Introduction: Multiple Sclerosis 
and Pregnancy

Multiple Sclerosis (MS) is a chronic inflamma-
tory and neurodegenerative disease of the central 
nervous system. Although MS affects over 
700,000 individuals in the USA and more than 
two million individuals worldwide, its etiology 
remains unknown. The disease progression and 
specific symptoms of MS are unpredictable and 
vary from person to person. Initially, most 
patients experience episodes of disease flare-up 
(relapses) followed by complete or partial 
improvement of symptoms (remission). Later 
stages of the disease may be associated with pro-
gressive neurological disability. While individu-
als of all ages are affected by MS, it is more 
commonly diagnosed in young adults and its 
prevalence is significantly increased in women 
compared to men. More than half of women diag-
nosed with MS will develop the disease during 
their reproductive years, making pregnancy 
issues a prevalent concern [1].

There are several key questions that health 
professionals treating MS need to be aware of 
when treating their female patients of childbear-
ing age (Table 21.1).
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Table 21.1 Reproductive and pregnancy-related ques-
tions in multiple sclerosis (MS)

Stage Topic of discussion
Prior to 
conception

   Q1.  Can MS patients use 
contraceptive medications?

   Q2.  Is it difficult to get pregnant with 
a diagnosis of MS?

   Q3.  If needed, can MS patients use 
assisted reproductive technology?

   Q4.  Should patients discontinue MS 
medications prior to pregnancy?

Pregnancy    Q5.  Does MS activity change during 
pregnancy?

   Q6.  Are pregnancy-related 
complications more common in 
MS? Is special obstetrics care 
required?

   Q7.  Can a patient have an MRI 
during pregnancy?

   Q8.  Is IV steroid treatment safe 
during pregnancy or 
breastfeeding?

Postpartum    Q9.  Will MS disease activity increase 
after pregnancy?

Q10.  What is the effect of 
breastfeeding on MS activity?

Q11.  When should a patient restart MS 
medication? Can breastfeeding 
patients take MS medications?

Q12.  Will children of MS patients have 
an increased risk of developing 
this illness in the future?
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 Contraception in MS

A key counseling point is to advise patients that 
MS does not affect fertility and therefore, effec-
tive contraception should be implemented if 
pregnancy is not desired. Oral contraceptive use 
is not associated with greater risk of MS relapses 
and appears to be safe for women with MS [2, 3]. 
Disease-modifying therapies for MS do not 
appear to decrease the effectiveness of hormonal 
contraception [3].

 Pregnancy Rates in MS

MS may cause sexual dysfunction, either directly 
(e.g., loss of libido, erectile dysfunction, vaginal 
dryness, inability to achieve orgasm) or indirectly 
through other symptoms related to MS (e.g., 
bladder symptoms, fatigue, spasticity, depres-
sion) [4]. However, pregnancy rates among 
patients with MS are comparable to pregnancy 
rates in woman without MS. Based on the recent 
retrospective analysis of submitted administra-
tive claims, pregnancy rates among patients with 
MS have increased from 7.91% to 9.47% between 
2006 and 2014. At the same time, pregnancy 
rates for women without MS decreased from 
8.83% to 7.75%. Pregnant women with MS were 
older by approximately 3  years (average age: 
32.5  years) than pregnant women without MS 
[5].

 The Use of Reproductive Technology 
in MS

The risk of MS exacerbations and increased 
radiological disease activity (on brain MRI) has 
been reported in selected case series describing 
patients with relapsing-remitting MS exposed to 
gonadotropin- releasing hormone and follicle-
stimulating hormone as a part of assisted repro-
ductive technology infertility treatment [6, 7]. 
The recent meta- analysis of 220 clinical cases 
confirmed an increased frequency of MS relapses 
following assisted reproductive technology [8]. 

The practicing clinicians shall discuss with 
patients the increased risks associated with repro-
ductive technology.

 MS Medications During Pregnancy 
in People with MS

Multiple disease-modifying treatments (DMTs) 
are available for patients with MS.  The overall 
goal is to initiate DMTs early in the course of the 
disease. Currently, none of the DMTs are 
approved by the US Food and Drug Administration 
(FDA) for use during pregnancy. The decision 
whether to prescribe or not prescribe a particular 
DMT prior to or during pregnancy remains at the 
discretion of the prescriber, who will need to dis-
cuss potential benefits and risks of the drug with 
their patient. It is important to note that selected 
DMTs are strongly contraindicated during preg-
nancy and shall not be used. Women with MS are 
not discouraged from conceiving, but should be 
advised on the precautions surrounding the use of 
specific DMTs prior to conception and during 
pregnancy. The question then becomes which is 
the most appropriate DMT choice (if any) when 
considering pregnancy planning.

The appropriate time frame to discontinue 
DMTs prior to conception to avoid pregnancy- 
related complications is not fully understood for 
most therapies. In general, it would be prudent to 
consider the half-life of DMTs when planning 
discontinuing therapy prior to pregnancy. Extra 
vigilance is needed when prescribing DMTs that 
have teratogenic potential/impact nucleic acid 
synthesis or repair, (e.g., Teriflunomide and 
Cladribine). When possible, it may be best to 
avoid these medications for female and male MS 
patients who plan to conceive children. In addi-
tion, select DMTs have been associated with a 
risk of rebound disease activity upon discontinu-
ation (e.g., Fingolimod and Natalizumab). 
Therefore, prescribers need to be aware of this 
risk for severe rebound relapses when discontinu-
ing such medications for women of childbearing 
age who desire pregnancy or are not on reliable 
birth control [9].
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DMTs and safety of its use prior or during 
pregnancy are described as follows.

 Interferons and Glatiramer Acetate
Interferon beta-based drugs and Glatiramer 
Acetate have the longest record in terms of safety 
profile, although there are many other DMTs 
with a higher efficacy profile. There have been no 
well-controlled randomized studies of Interferon 
beta-based drugs and Glatiramer Acetate in preg-
nant women with MS.  The approved label for 
Interferon beta-1b was updated in 2019 to reflect 
that available data, which includes prospective 
observational studies, have not generally indi-
cated a drug-associated risk of major birth defects 
with Interferon beta-1b during pregnancy. Some 
neurologists suggest that it is reasonable for 
females who do not wish to discontinue therapy, 
to safely continue the use of either Interferons or 
Glatiramer Acetate until they have a confirmed 
pregnancy, at which time point they can discon-
tinue the use of these therapies [9]. It is important 
to understand that if these medications are 
restarted in the postpartum period, their efficacy 
may be limited in the first several months and 
will not offer reduction in relapse rate during this 
time [4].

 Dimethyl Fumarate
The safety of Dimethyl Fumarate during preg-
nancy has not been established. The recommen-
dation is for women with MS to use effective 
contraception while on this therapy and to con-
sider alternate therapy if pregnancy is desired [4]. 
The same recommendation is applicable to 
Diroximel Fumarate, the recently approved DMT 
with the mechanism of action similar to Dimethyl 
Fumarate.

 Fingolimod
Females should be advised to use reliable contra-
ception while on Fingolimod. This oral agent 
may pose an increased risk of adverse fetal out-
come, therefore, the recommendation is to dis-
continue fingolimod 2 months prior to conception 
[9]. For accidental/unintended pregnancy while 
on Fingolimod, it is advisable to discontinue this 
therapy immediately after confirmed pregnancy. 

The same recommendation is applicable to 
siponimod, the recently approved DMT with the 
mechanism of action similar to Fingolimod.

 Teriflunomide
Teriflunomide is typically not prescribed for 
women of childbearing age, due to the relatively 
high risk of teratogenicity (FDA pregnancy cate-
gory X). The general recommendation is to main-
tain effective contraception methods while on 
this therapy and stop this medication prior to con-
ception. The female patient may need to undergo 
rapid accelerated elimination of the drug, as 
Teriflunomide has a very long half-life in plasma. 
Once discontinued, it is advisable that she main-
tains effective contraception methods for over a 
month until the plasma concentration is 
0.02 mg/L on two occasions 14 days apart [4]. If 
plans of pregnancy are several years in the future, 
the patient should stay on effective contraception 
for 2 additional years or undergo rapid elimina-
tion [4]. An option to bridge therapy, with either 
Interferon beta or Glatiramer Acetate, will pre-
vent the patient from remaining untreated after 
discontinuing Teriflunomide.

It is also advisable that males with MS who 
plan on fathering a child avoid the use of this 
medication as the drug is secreted in the semen, 
which is in turn a potential exposure to the fetus 
[9].

 Cladribine
Cladribine is contraindicated during pregnancy 
due to the risk of fetal harm, including teratoge-
nicity and embryo-fetal related death based on 
animal studies with Cladribine IV. The manufac-
turer recommends that, in addition to hormonal 
contraception, a second barrier method should be 
implemented during treatment and for at least 
4 weeks after the last dose in the treatment course. 
The general advice is that females should not 
become pregnant for a minimum of 6  months 
upon completion of a Cladribine dosing regimen 
[4].

 Natalizumab
Natalizumab is often prescribed to patients with 
more aggressive disease. This medication is also 
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associated with increased risk of disease rebound 
once it is discontinued. The average time frame 
in which a relapse can occur is approximately 
12–16 weeks after discontinuation of Natalizumab 
[10]. Therefore, a female patient with MS who is 
considering pregnancy should be advised to dis-
cuss their treatment options with her provider and 
not self-discontinue therapy.

Natalizumab is not known to cross the pla-
centa during the first trimester of pregnancy, but 
does so during the second and third trimester [4]. 
Some authors suggest, for patients with highly 
active MS, to consider Natalizumab treatment 
over a 6–8 week extended interval, with the last 
dose given at less than 30 weeks gestation [9]. 
Hematologic monitoring of the newborn will be 
necessary for infants exposed to Natalizumab 
during the pregnancy. If both the patient and pre-
scriber decide to discontinue Natalizumab prior 
to conception, it is advisable that the patient con-
tinues reliable contraception until the risk of 
rebound relapse has passed (6–12 months) before 
trying to conceive [9].

 Ocrelizumab
Ocrelizumab is a humanized monoclonal IgG 
antibody; immunoglobulins are known to cross 
the placenta which in turn exposes the fetus to 
this therapeutic agent. It has been reported that 
infants exposed to other anti-CD20 agents have 
experienced transient B cell depletion and lym-
phopenia [11]. Due to possible B cell depletion, 
infants will need to be monitored if exposed dur-
ing pregnancy.

 Alemtuzumab
Alemtuzumab is contraindicated during preg-
nancy. The general manufacturer’s recommenda-
tion for Alemtuzumab is to avoid pregnancy 
during treatment and for a minimum of 
4–6 months after therapy is discontinued for both 
female and male patients. For 4  years after 
Alemtuzumab discontinuation, patients are still 
at increased risk of autoimmune thyroid disease, 
immune thrombocytopenic purpura, 
Goodpasture’s syndrome, and other autoimmune 

disorders [12]. Due to the extended time span in 
which these disorders can occur it may be possi-
ble that these occur during pregnancy and may 
affect both mother and fetus. Therefore, it will be 
important for female patients to comply with 
monthly testing (full blood count, kidney func-
tion, thyroid function) in order to identify any 
abnormalities in the early phases [4].

 MS Disease Activity During 
Pregnancy

MS is an immune-mediated disease. The mater-
nal immune system is complex and governed by 
multiple factors. There are significant changes in 
the immune system in pregnancy that include 
adjustment of maternal tolerance and protection 
of the fetus [13]. Naturally, MS activity also 
changes during and after pregnancy. Relative to 
the preconception period, MS relapse rate 
decreases during pregnancy by more than 35%, 
especially in the last trimester [5].

 Pregnancy-Related Complications 
in MS

The recent retrospective US administrative claim 
analysis suggests that the higher proportion of 
woman with MS than without had premature 
labor, infection, cardiovascular disease, anemia/
acquired coagulation disorder, acquired fetal 
damage and congenital fetal malformation [14]. 
A diagnosis of MS should not influence obstetric 
management, for example, whether the patient 
can have an epidural, or vaginal delivery vs. 
cesarean section. The retrospective cohort data 
from the British Columbia MS Clinics’ database 
showed that MS was not significantly associated 
with assisted vaginal delivery or Cesarean sec-
tion [15]. Extra care may be required for women 
with significant neurological disability. For 
example, significant spasticity would need to be 
taken into consideration when planning obstetric 
care [4].
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 The Use of MRI During Pregnancy

In general, MRI without IV contrast is not con-
traindicated at any time during pregnancy 
However, most gadolinium contrast solutions can 
cross the placenta and result in fetal exposure and 
gadolinium retention. It increases the risk of still-
birth and neonatal death. Therefore, brain MRI 
with IV contrast should be avoided when possi-
ble [16].

 The Use of IV Steroid Treatment 
During Pregnancy or Breastfeeding

Methylprednisolone has pregnancy category C 
(use with caution if benefits outweigh risks). 
The recently published UK consensus on preg-
nancy in multiple sclerosis suggests that MS 
relapses can be treated with corticosteroids 
during pregnancy [4]. Some neurologists pre-
fer to use intravenous immunoglobulin instead 
of methylprednisolone during pregnancy. A 
clinical trial addressing this issue would be 
reasonable to further investigate the safest and 
most effective treatment for an MS relapse 
during pregnancy. Furthermore, there is no 
indication to stop breastfeeding if methylpred-
nisolone is required to treat a postpartum 
relapse [17].

 MS Disease Activity After Pregnancy

Relative to the preconception period, MS 
relapse rate increases during puerperium by 
approximately 70%, and remains elevated in 
the postpartum year’s last three quarters [5]. 
However, MS patients should be advised that 
pregnancy does not increase the risk of worsen-
ing long-term disability [4]. For example, the 
recent data analysis of the prospectively fol-
lowed cohort of 2466 of MS patients provided 
evidence of protective effects of pregnancy 
against neurological disability accrual over the 
10-year period [18].

 The Effect of Breastfeeding on MS 
Activity

The health benefits of breastfeeding for both 
mother and infant have long been established 
[19]. There were multiple studies on the role of 
breastfeeding in MS. The recent meta-analysis of 
available publications suggests that breastfeeding 
is protective against postpartum relapses in 
MS. The probability of postpartum relapses was 
decreased approximately by 40% in breastfeed-
ing compared with non- breastfeeding MS 
patients [20].

MS patients who are agreeable to breastfeed-
ing should be counseled on the possible benefits 
of exclusive breastfeeding. It appears that exclu-
sive breastfeeding may decrease the risk of post-
partum MS relapse [9]. For those who do not 
wish to breastfeed counseling on DMT reinitiat-
ing is advisable.

 Restarting MS Medication After 
Pregnancy

There is no conclusive data in regard to infant 
exposure to DMTs via breastmilk. The recent UK 
consensus on pregnancy in MS suggests that the 
benefits of breastfeeding while on Glatiramer 
Acetate and Interferon beta-based drugs outweigh 
any risk and should be encouraged [4]. Other 
authors suggest that resuming Glatiramer Acetate 
or Interferon beta in the postpartum period does 
not reduce the risk of MS relapses within the first 
6  months postpartum and prefer restarting the 
above medications at 6–12 months postpartum [9].

Oral agents (dimethyl fumarate, fingolimod, 
teriflunomide, and cladribine) and alemtuzumab 
are contraindicated during breastfeeding due to 
potential harmful effects on the infants’ develop-
ment [4, 9]. The same authors are more open to 
the use of natalizumab in breastfeeding patients 
[4, 9]. In regard to ocrelizumab, animal data does 
show medication excretion into breast milk, 
therefore, it is advisable to avoid this therapy if 
planning to breastfeed [4, 9].
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 The Risk of MS Among Children of MS 
Patients

Although the etiology of MS is not known, mul-
tiple genes have been implicated in MS patho-
genesis. Therefore, compared to the general 
population, the risk of MS among children of 
patients with MS is significantly increased. Based 
on the recent analysis of 18 family studies, the 
risk of MS inheritance with one affected parent 
was estimated at 1.45%, increasing to approxi-
mately 18% with two affected parents [21].

 Conclusion

While MS is a chronic condition that can be asso-
ciated with significant neurological disability, 
patients should be counseled that pregnancy is not 
a contraindication. In addition, MS does not affect 
fertility rates. Pregnancy counseling will need to 
be a simultaneous conversation when discussing 
MS treatment options and general prognosis. 
Patients and their partners will need to be edu-
cated on different factors related to disease activ-
ity associated with pregnancy. It will also be 
necessary to consider MS treatment modification 
during pregnancy. The clinician has a key role in 
educating the patient appropriately and alleviating 
any concerns surrounding MS and pregnancy.
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22Guillain-Barré Syndrome 
in Pregnancy

Shellen Arora, David Atherton, and Shan Chen

 Introduction

Guillain-Barré syndrome is a type of acute or 
subacute demyelinating peripheral neuropathy 
typically presenting with sensory complaints and 
rapidly progressive symmetric ascending limb 
weakness over the course of days. It can lead to 
quadriparesis, respiratory failure, and autonomic 
dysfunction with labile blood pressure and 
arrhythmia in severe cases, making it potentially 
life threatening. Neurological examination often 
shows symmetric proximal and/or distal muscle 
weakness with normal or reduced sensation and, 
characteristically, hyporeflexia or areflexia. 
Cranial nerve deficits are seen in some patients. 
Guillain-Barré syndrome is due to a dysfunc-
tional autoimmune process that targets the 
peripheral nervous system, most commonly the 
myelin sheaths of motor and sensory axons.

Guillain-Barré syndrome (GBS) can be 
divided into several subtypes depending on the 
phenotype, pathophysiology, and neurophysio-
logical features. Acute inflammatory demyelinat-
ing polyneuropathy (AIDP) is the most common 

form of GBS and was the first to be recognized 
over a century ago. Acute motor axonal (AMAN) 
and acute sensorimotor axonal (AMSAN) vari-
ants have been described in the last three decades 
and are mediated by molecular mimicry targeting 
peripheral nerve motor or motor and sensory 
axons rather than myelin sheaths in the AIDP 
form. Miller-Fisher syndrome (MFS) is a rare but 
known form of GBS presenting with external 
ophthalmoplegia, gait ataxia, and absent tendon 
reflexes. Other rare phenotypic variants have also 
been described including pure sensory variant, 
restricted autonomic manifestations, and the pha-
ryngeal-cervical-brachial pattern [1]. Bickerstaff 
brainstem encephalitis (BBE) is also considered 
a GBS variant which presents following varicella 
zoster virus or cytomegalovirus infections with 
drowsiness, altered mental status, cerebellar 
ataxia, possibly external ophthalmoplegia, brisk 
reflexes, and extensor plantar response rather 
than absent reflexes. These cases are often associ-
ated with brainstem dysfunction and T2 signal 
abnormalities in the brainstem and basal ganglia 
with little, if any, enhancement on brain MRI.

Typically, nerve conduction studies (NCS) in 
the AIDP form of GBS show evidence of demy-
elinating features with prolonged distal latencies 
and reduced conduction velocities, as well as 
conduction block or temporal dispersion in 
motor and sensory nerves. Sural nerve sparing is 
common and unique in GBS and can differenti-
ate it from other neuropathies such as diabetic 
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neuropathy or chronic inflammatory demyelinat-
ing polyneuropathy (CIDP). Nerve conduction 
studies in the AMAN and AMSAN form of GBS 
show evidence of axonal damage with signifi-
cantly reduced amplitudes accompanied by 
either normal or slightly reduced conduction 
velocities in motor and/or sensory nerves. CSF 
analysis commonly shows elevated protein lev-
els with normal cell counts and can support the 
diagnosis of GBS. Once diagnosed, patients with 
GBS are treated with either intravenous immu-
noglobulin (IVIg) or plasmapheresis/plasma 
exchange (PE) along with best supportive medi-
cal management.

 Guillain-Barré Syndrome 
in Pregnancy

Pregnant and non-pregnant patients with GBS 
have similar presentations involving complaints 
of weakness that may gradually lead to paralysis. 
Weakness starts in the lower extremities and 
ascends to the upper body, affecting respiratory 
and bulbar muscles in some cases. One case 
series identified two main groups of pregnant 
GBS patients with distinct clinical features, 
namely the AIDP and the AMANs groups [2]. 
This analysis of 45 pregnant women with GBS 
who were admitted to three medical centers in 
China revealed that pregnant women in the AIDP 
group (25 out of 45) more often present with dis-
tal limb weakness, distal paresthesia, and auto-
nomic dysfunction, whereas pregnant women in 
the AMAN group (20 out of 45) more often pres-
ent with limb weakness and dyspnea (P < 0.01). 
In addition, multivariate logistic regression anal-
ysis confirmed that limb weakness and limb 
weakness with dyspnea, in addition to preceding 
diarrhea, were significantly associated with the 
AMAN form of GBS and are thus considered 
predictors. It is important to note that the AMAN 
form is more common in Asia than in Western 
countries.

The occurrence of GBS during the third tri-
mester of pregnancy is associated with increased 
risk of respiratory failure, suggesting the need for 
close monitoring during this period [3]. 

Postpartum flares can also commonly occur 
because of delayed hypersensitivity [4]. 
Individuals having suffered GBS in the past may 
also experience relapse throughout gestation, 
more commonly in the third trimester, and into 
the postpartum period.

 Risk Factors of Guillain-Barré 
Syndrome in Pregnancy

GBS can rarely complicate pregnancy, and it is 
generally believed that it can increase maternal 
and neonatal morbidity and mortality.

Pre-existing risk factors for GBS are poorly 
understood and even less is known about predis-
positions among pregnant women. Generally, 
risk is thought to be conferred through both envi-
ronmental triggers and genetic factors. Previously 
identified environmental factors include preced-
ing infectious agents, vaccination, or surgical 
procedures.

Prodromal viral infection is a well-known 
trigger for GBS [5]. Reports of GBS during preg-
nancy in the literature show that the most com-
mon infectious triggers are respiratory or 
gastroinstenstinal virus such as Epstein-Barr 
virus (EBV), Campylobacter jejuni, cytomegalo-
virus (CMV), and, most recently, the Zika virus, 
and during the pandemic, the COVID-19 virus. 
In Salvador, Brazil, outbreaks of acute exanthem-
atous illness (AEI), Guillain-Barré syndrome 
(GBS), and microcephaly were attributed to Zika 
virus in 2015. Notably, the Zika virus can trigger 
GBS in adults in addition to causing microceph-
aly and other congenital neurological abnormali-
ties in neonates, making it of particular concern 
for pregnant women. Therefore, any women sus-
pected of having being infected with the Zika 
virus must be closely monitored to prevent devas-
tating GBS complications and potential neurode-
velopmental abnormalities in the fetus [6].

As is observed in the non-pregnant patient 
population, Campylobacter jejuni, which com-
monly causes enteritis characterized by abdomi-
nal pain, fever, and diarrhea, can lead to 
post-infectious GBS in pregnant women, espe-
cially the axonal (AMAN) form. Pregnant 
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patients with GBS might report a history of 
enteric disease or diarrhea occurring weeks or 
months prior to the neurological symptoms, mak-
ing C. jejuni infection an easily missed trigger 
due to a prolonged prodromal period before the 
GBS symptom onset [7]. One study in India 
examined the prevalence of anti-Zika and anti-C. 
jejuni antibodies among patients with GBS using 
enzyme-linked immunosorbent assay (ELISA) 
and found that anti-C. jejuni antibodies were 
present in 46.6% of patients diagnosed with GBS 
and while anti-Zika antibodies were present in 
15.5% [8]. This study confirms that both of these 
organisms are associated with a substantial pro-
portion of GBS cases.

Additional non-infectious risk factors for GBS 
during pregnancy have also been identified 
through epidemiological methods. In one recent 
study of 228 cases of GBS among 1,108,541 
women who delivered in the province of Quebec, 
Canada, between 1989 and 2013, the overall inci-
dence was 1.42 per 100,000 person-years [9]. 
Notably, the incidence was six-to-seven fold 
higher for women with immune-mediated and 
rheumatologic disorders, three-fold higher for 
women who had blood transfusion, and two-fold 
higher for women with preeclampsia. Women 
with immune-related conditions that occurred 
early in life had the highest cumulative risk of 
GBS among pregnant patients excluding infec-
tious triggers. In addition, preeclampsia was the 
only pregnancy-specific risk factor identified to 
be associated with GBS in pregnancy. Other 
pregnancy-specific risk factors, including placen-
tal disorders, gestational diabetes mellitus, pre-
term birth before 37  weeks of gestation, 
intrauterine growth restriction, postpartum hem-
orrhage, and multiple pregnancy, were not shown 
to predict incidence of GBS [9].

There are also rare case reports of the associa-
tion of GBS with ketoacidosis in diabetic patients. 
In these cases, patients developed onset of neuro-
logical symptoms following control of ketoaci-
dosis and hyperglycemia. Notably, transport of 
ketone bodies across the placental barrier leading 
to hypoxia and eventual fetal distress could be 
responsible for early termination or abortion in 
pregnant patients diagnosed with GBS that are 

experiencing an episode of diabetic ketoacidosis 
rather than GBS itself [10]. Therefore, any signs 
of motor weakness or neuropathy in patients with 
a history of diabetes should warrant consider-
ation for GBS [11]. Cases of GBS associated 
with miscarriage and abortion are extremely rare 
making it difficult to draw conclusions; some 
studies show no association [10] and others sug-
gest these severe consequences are indeed related 
and can be effectively prevented or resolved with 
intervention [6].

The exact cause of Guillain-Barre syndrome is 
unknown. At the molecular level, molecular 
mimicry, antiganglioside antibodies and, possi-
bly complement activation are thought to be 
involved in the pathogenesis of GBS [12]. 
Pregnant patients with GBS have been found to 
have an increase in humoral immunity due to an 
increase in IL-10 production, but an overall 
decrease in cellular immunity [13]. These 
changes might be related to the occurrence of 
GBS during pregnancy and the puerperium.

 Diagnosis

GBS consists of a spectrum of neuropathic disor-
ders with distinct pathogenesis and clinical pre-
sentations as discussed above [14], thus making 
the diagnosis quite challenging. However, accu-
rate and timely diagnosis of GBS is critical for 
clinical practice, especially in the early phase of 
the disease course when treatment is most effec-
tive and close ICU monitoring can prevent life-
threatening complications. Early diagnosis of 
GBS in pregnant women is more challenging and 
commonly delayed due to initial non-specific 
symptoms that can mirror changes in pregnancy. 
For example, one case reported a patient present-
ing with pain and progressive heaviness of both 
lower limbs in her third trimester of pregnancy 
without any antecedent infective episode and was 
thought to be due to the stress of pregnancy. On 
the third postpartum day, the patient developed 
weakness in all four limbs and electromyography 
(EMG), NCS, and CSF analysis confirmed the 
GBS diagnosis [15]. In addition, other preg-
nancy-specific symptoms and complications such 
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as eclampsia, abnormal contractions with threat-
ened abortion, fetal abnormalities, etc. may mask 
or mimic symptoms of GBS leading to a delayed 
or missed diagnosis.

The initial diagnosis of Guillain-Barré remains 
clinical. Acute or subacute onset and rapidly pro-
gressive weakness are red flag features of 
GBS. Co-existing bulbar weakness, distal numb-
ness and tingling in fingers and/or toes, neck and/
or lower back pain, autonomic dysfunction with 
urinary retention, constipation, volatile blood 
pressure and heart rate, and respiratory compro-
mise are all signs of extensive peripheral nerve 
damage in which the diagnosis of GBS must be 
considered [16]. Neurological findings including 
symmetric weakness with reduced reflexes 
should raise a suspicion in an otherwise healthy 
woman. EMG/NCS is often performed during the 
workup of these clinical phenotypes and results 
consistent with demyelinating sensory and motor 
polyneuropathy or polyradiculoneuropathy con-
firm the diagnosis. Further, albuminocytologic 
dissociation in CSF with elevated protein content 
and normal mononuclear leukocyte count is 
strongly indicative of GBS [17]. Both CSF analy-
sis and NCS can be quite useful in patients with 
atypical features of GBS, GBS mimics, or any 
diagnostic doubt. However, it is important to rec-
ognize that the CSF abnormalities may not be 
present until the second or even third week after 
onset of symptoms. Similarly, during the acute 
phase lasting from a couple of days up to 1 week 
after onset, EMG/NCS may remain normal.

A high index of clinical suspicion, thorough 
history taking, and detailed examination are criti-
cal to make the clinical diagnosis. In some cases, 
repeat EMG/NCS or CSF studies will be indi-
cated to confirm. It is important to remember that 
there is an extensive list of diseases that are GBS 
mimics including toxic/metabolic/nutritional 
polyneuropathy, myopathy, infectious, inflamma-
tory, neoplastic infiltration of spinal nerve roots 
or peripheral nerves, neuromuscular junctional 
disorders, and etc. which must be considered and 
ruled out. Misdiagnosis can be avoided by his-
tory, examination, and a combination supportive 
or exclusionary testing [18].

In recent years, a growing number of antigan-
glioside antibodies in serum or spinal fluid have 
been identified in patients with GBS spectrum 
disorders. Variable ganglioside antibodies, either 
alone or in combination, may be associated with 
the different forms of GBS.  For example, anti- 
GQ1b, in addition to GT1a, is associated with at 
least 90% of cases of MFS and BBE variants; 
anti-GM1 and GD1a and GalNAc-GD1a are 
associated with AMAN; anti-GM1 and GD1a are 
associated with AMSAN. These serum antibod-
ies can be measured by ELISA to the ganglio-
sides themselves or their combinatory complexes 
(GM1a, GM1b, GM2, GM3, GD1a, GalNAc-
GD1a, GD1b, GD2, GD3, GT1a, GT1b, GQ1b, 
GA1) in commercial laboratories [12].

Screening for viral infection in pregnant GBS 
patients carries an important role not only in sup-
porting the diagnosis but also in intervening dur-
ing the antenatal period to mitigate the risk of 
major neurodevelopmental sequelae, such as 
congenital CMV or neonatal Zika infection. For 
example, a report has described a case of a full- 
term neonate presenting with symptomatic con-
genital CMV infection with hepatosplenomegaly, 
“blueberry muffin” rash, intracranial calcifica-
tions, thrombocytopenia, and respiratory distress 
who was born to a mother with history of GBS 
during the first trimester of pregnancy. This 
underscores the importance of screening for 
CMV infection if GBS has been diagnosed in a 
pregnant woman [19].

Brain imaging, though not always necessary, 
may be important if there is altered mental status 
or unexplained cranial nerve involvement as can 
be seen in BBE.

The clinical, electrophysiological, laboratory, 
and radiological features should be thoroughly 
examined and considered together to reach an 
accurate diagnosis in the timeliest fashion. Early 
recognition will ensure that patients receive criti-
cal interventions when they are most effective 
and are monitored for life-threatening complica-
tions. Complicated or atypical cases with suspi-
cion for a GBS variant warrant consultation at 
tertiary medical centers with neurologists and 
EMG experts specialized in neuromuscular 
disorders.
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 Management

Once the diagnosis of GBS is made, management 
of the pregnant patient generally follows the 
same principles as for non-pregnant individuals. 
Early treatment carries a favorable outcome. 
Methods of management for pregnant patients 
diagnosed with GBS include ventilatory support, 
IVIg, PE, adequate nutrition, infection control, 
pain control, physiotherapy, and psychological 
support [3]. Patients with GBS need multidisci-
plinary supportive care to prevent or to manage 
these diverse complications and to ensure timely 
transfer to the intensive care unit (ICU) when 
indicated.

 Immunomodulation

The mainstay of management comprises admin-
istration of IVIg or PE for immunomodulation, 
both of which are considered generally safe for 
pregnant women. The effectiveness of IVIg and 
PE, but not corticosteroids, has been established 
for the treatment of GBS by multiple randomized 
controlled trials (RCTs) [17, 20].

PE involves the replacement of the patient’s 
plasma with normal healthy plasma or substitute 
in order to remove autoreactive antibodies. Most 
commonly, the paradigm of five to six PE treat-
ments every other day is recommended for GBS 
patients. Human albumin is a commonly used 
replacement fluid, while some use fresh frozen 
plasma. PE is typically performed through a cen-
tral venous catheter; rarely peripheral venous 
access is used. Complications related to PE 
include those associated with the catheter place-
ment procedure (e.g., vascular injury, infection), 
hypotension, allergic reactions, and hypocalce-
mia (which is the most commonly associated 
laboratory abnormality).

Immunoglobulin is often administrated intra-
venously at 0.4 g/kg of body weight for five con-
secutive days. IVIg functions by modulating the 
immune reaction at the level of T cells, B cells, 
and macrophages, interfering with antibody pro-
duction and degradation, modulating the comple-
ment cascade, and exerting effects on the cytokine 

network. However, the precise mechanism of 
action of IVIg in GBS is not yet clear [21]. IVIg 
has a very good safety profile, especially for 
long-term administration. It does, however, have 
some noteworthy side effects that can range from 
mild to severe: (1) mild infusion-rate-related 
reactions such as headaches, myalgia, or fever; 
(2) moderate but inconsequential events such as 
aseptic meningitis and skin rash; and (3) severe, 
but rare, complications, such as thromboembolic 
events likely due to increased plasma viscosity 
and renal tubular necrosis resulting in acute renal 
failure in some cases requiring dialysis [22]. It is 
generally believed that IVIg and PE have similar 
efficacy and benefit. However, if patients are 
known to have associated ganglioside IgG auto-
antibodies against GM1, GM1b, or GalNAc- 
GD1a, IVIg may be more effective than PE and is 
preferred in these situations. Administration of 
IVIg was shown to be associated with good 
maternal and fetal outcomes in pregnant patients 
with sensory GBS in a small case study [23].

A meta-analysis comparing PE versus IVIg 
showed no evidence of superiority in the efficacy 
or safety in the management of GBS and another 
autoimmune neuromuscular disorder, myasthe-
nia gravis. Additionally, no significant difference 
was found in terms of hospital stay length or ven-
tilator support time [24]. However, in a retrospec-
tive cohort study of 6642 records (2637 treated 
with PE and 4005 treated with IVIg) from the 
2002 to 2014 Nationwide Inpatient Sample, PE 
was found to likely be associated with poorer 
healthcare utilization outcomes as compared to 
IVIg, including prolonged hospitalization by 
approximately 7.5  days, greater hospitalization 
costs by approximately $46,000, and increased 
risk of in-hospital death with an odds ratio of 
2.78. These effects were not changed after con-
trolling for confounders through risk adjustment, 
propensity score adjustment, or matching [25]. In 
practice, deciding between IVIg and PE often 
depends on individual features of the patient and 
their disease course. IVIg often is initiated as the 
first therapy and is more likely to be completed 
due to its ease of timely administration. 
Immunoglobulin (Ig) has also been administered 
via the subcutaneous route as an alternative treat-
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ment option for indicated chronic autoimmune 
disorders, especially in patients with limited 
intravenous access. However, data supporting the 
use of subcutaneous Ig in GBS patients is lack-
ing. In general, steroids are avoided in GBS 
patients, although steroid therapy is generally 
considered safe during pregnancy. However, ste-
roids are not shown to hasten the recovery or 
improve the long-term outcome of GBS patients 
and may even cause worsening of weakness 
when used in high doses. The use of steroids is 
advocated by some in GBS variants where symp-
toms do not respond to  conventional IVIg and PE 
therapies. For example, there were reports of suc-
cessful treatment using steroids in cases of 
AMSAN and BBE, both of which are GBS vari-
ants [26, 27].

Unfortunately, there are no consensus state-
ments or RCTs on the treatment strategy for 
severe GBS cases when patients fail to improve 
on IVIg or PE; this is considered treatment fail-
ure. In fact, about 25–30% of patients with GBS 
ultimately require artificial ventilation and 
approximately 20% are unable to walk after 
6  months despite employing current immuno-
therapies. The International GBS Outcome study 
(IGOS) did not show better outcomes after a sec-
ond IVIg course in GBS with poor prognosis, 
though the study was limited by its observational 
design, small numbers, and baseline characteris-
tic imbalances. Moreover, about 10% of GBS 
patients have a secondary deterioration within the 
first 8 weeks after starting IVIg. In these cases of 
treatment-related fluctuation (TRF), repeated 
IVIg treatment is required [28].

Emerging biological therapeutic agents have 
been proposed and attempted, but are limited to 
single case reports or series. A recent Cochrane 
study analyzing RCTs that have evaluated phar-
macological agents other than IVIg, PE, or ste-
roids determined that all of the available studies 
were too small to demonstrate clinically impor-
tant benefit or harms [29].

One emerging therapy is rituximab, a geneti-
cally engineered antibody that depletes CD20+ B 
cells and is FDA approved for the treatment of 
non-Hodgkin’s lymphoma, CD20+ chronic lym-
phocytic leukemia, and rheumatoid arthritis. 

Although it carries a favorable side effect profile, 
the evidence of its efficacy in severe cases of dys-
immune demyelinating disease was primarily 
restricted to CIDP with very limited data on 
effectiveness in GBS.  Moreover, no large pro-
spective RCTs evaluating its use in GBS are 
available. Eculizumab is recombinant humanized 
monoclonal antibody against the complement 
protein C5 and has been used to treat paroxysmal 
nocturnal hemoglobinuria (PNH), atypical hemo-
lytic uremic syndrome (aHUS), and recently was 
FDA-approved to treat seropositive generalized 
myasthenia gravis (gMG) and AQP4+ neuromy-
elitis optica spectrum disorder (NMOSD). 
Additionally, eculizumab was found to be safe in 
a small phase 2 trial for use in GBS. While com-
plement inhibition combined with IVIg treatment 
might improve outcome in GBS, their combined 
efficacy remains uncertain. Future agents target-
ing other immune mediators and cytokines, such 
as the anti-CD52 monoclonal antibody, alemtu-
zumab, are also on the horizon and may play a 
role in GBS management. As of now, however, 
none of these newer agents has been approved for 
the treatment of GBS by the FDA [30]. Moreover, 
little is known about the efficacy of these newer 
pharmacologics and immunotherapies in preg-
nant women with GBS.

 Monitoring and Supportive 
Measures

GBS is a complex and rapidly evolving disorder 
in which patients can present with ascending 
limb paralysis and quickly develop other compli-
cations due to diffuse peripheral nerve damage, 
including respiratory compromise, cardiac 
arrhythmias, and autonomic dysfunction. Mild 
hyponatremia has been found in 7–26% of 
patients and severe sodium level reduction resem-
blant of syndrome of inappropriate antidiuretic 
hormone secretion (SIADH) ([Na+]: 105 to 
120  mEq/L) may also occur. Patients may also 
develop mild transient proteinuria and rarely glo-
merulonephritis. Serum CK level is found to be 
elevated in 33% of patients, often up to 4 times 
higher than the upper limit of normal.
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Patients with GBS may have severe autonomic 
dysfunction; some have urinary retention and 
constipation, some have light-fixed pupils and 
excessive sweating, whereas others have cardiac 
dysrhythmia (10–75% patients report cardiac 
arrhythmia with more than 50% patients present 
with an abnormal EKG) or labile blood pressure. 
The exact mechanism is unknown and clinically 
difficult to predict among these distant 
presentations.

Reported increases in the mortality rate among 
pregnant GBS patients are most likely attributed 
to the presence of cardiac arrhythmias and/or 
 pulmonary emboli [31]. GBS afflicted pregnant 
women must be closely monitored for the devel-
opment of respiratory failure and autonomic dys-
function. Anti-hypertensive medications are 
generally to be avoided. In addition, all the 
immunomodulating therapies affect the immune 
system. Thus, patients may get infections more 
easily, even serious or fatal infections.

Supportive measures include venous thrombo-
embolism prophylaxis, aggressive physical ther-
apy, pressure ulcer prevention, enteral nutrition, 
pain control, management of bowel and bladder 
dysfunction, and respiratory support.

Subcutaneous heparin has been shown to pos-
sibly lower risk of thromboembolic events 
including deep vein thrombosis in intensive care 
patients with severe muscle weakness.

Nonsteroidal anti-inflammatory drugs 
(NSAIDs) may provide some pain relief but often 
do not provide full analgesic benefit for the 
patient, and should be avoided during pregnancy 
if possible. NSAID use in early pregnancy is 
associated with an increased risk of miscarriage 
and congenital malformation. The U.S. Food and 
Drug Administration (FDA) is warning that use 
of NSAIDs around 20 weeks or later in preg-
nancy may cause rare but serious kidney prob-
lems in an unborn baby. This can lead to low 
levels of amniotic fluid surrounding the baby and 
possible complications. Pain can be severe and 
needs to be treated sufficiently. Opioids can also 
be used, but it may worsen autonomic symptoms, 
especially constipation. Patients with GBS are 
encouraged to do strength exercises even during 
the acute paralytic phase and should continue 

with rehabilitation to restore mobility and func-
tion after acute hospitalization [32].

 Management After Guillain-Barré 
Syndrome

Most GBS patients recover and are able to resume 
their normal activities. However, despite current 
treatment options, many patients have residual 
deficits. In addition to engaging physical and 
occupational therapy to help restore motor and 
ambulatory functions, other long-term health 
consequences persisting after acute hospital man-
agement must be addressed.

 Chronic Neuropathic Pain, Fatigue, 
and Depression

Pain is a prevalent clinical feature of GBS. 
Patients with GBS often present with two main 
types of pain: aching muscle pain and neuro-
pathic pain.

Pain often occurs during the acute paralytic 
phase of GBS and may persist even after muscle 
strength is recovered. Pain experienced in the 
acute phase is mostly nociceptive, caused by 
inflammation of nerve roots and peripheral nerves 
that activate the nociceptors [33]. Over time, 
GBS patients develop neuropathic pain as they 
move past the acute phase, which is described as 
non-nociceptive pain because it does not arise 
from activation of the pain receptors but arises 
from the degeneration and regeneration of nerves 
associated with chronic neuropathy [33]. 
Consistent with this, the chronic pain is typically 
described as sharp, shooting, or burning. Sensory 
disturbance such as numbness in distal limbs is 
also a common concurrent complaint. Overuse of 
recovering muscles or compensating muscles can 
also result in pain in tendons, ligaments, and 
joints, usually described as achiness deep in the 
muscles or around the joints which often resolves 
once muscle strength improves. Many medica-
tions can be used to reduce neuropathic pain 
including NSAIDs, opioids, corticosteroids, anti- 
convulsants, tricyclic antidepressants, and neuro-
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leptics [34], but often high doses and combinations 
of different pharmacologic categories are needed. 
This can lead to the development of more side 
effects and, in general, need to be used with 
extreme caution in pregnant women to avoid 
maternal-fetal complications.

Among the analgesics indicated for post-GBS 
pain is gabapentin, one of the first-line treatments 
and perhaps the most commonly used agent in 
clinical practice for neuropathic pain in non- 
pregnant patients. It exerts its analgesic effects by 
binding to voltage-dependent calcium channels 
in the spinal cord, which reduces afferent traffic 
and excitation of nociceptive neurons that are 
responsible for hyperalgesia. The drug is also 
known to cross the blood–brain barrier and there-
fore is responsible for the modulation of central 
pain pathways, including decreased production 
of glutamate in sensory or motor nociceptive 
fibers [35]. In a double-blinded, placebo- 
controlled, cross-over study, patients with GBS 
experiencing either acute pain or neuropathic 
pain reported significantly reduced Fentanyl con-
sumption, lower sedation scores, and fewer side 
effects associated with gabapentin use compared 
to other agents. Owing to its tolerability and rela-
tively few side effects, gabapentin is the drug of 
choice for chronic neuropathic pain following 
GBS. However, its ability to be used in pregnant 
women is limited as it is considered category C 
due to the lack of research or well-controlled 
studies verifying its safety in human pregnancy.

While the symptoms of pain can occur prior to 
the onset of weakness and persist for at least 
2 years following resolution, fatigue is more per-
vasive with a high prevalence during the early 
recovery phase and potential persistence through 
decades after other symptoms resolve [34]. 
Fatigue contributes significantly to morbidity and 
adversely affects the quality of life in GBS 
patients. Although fatigue is highly subjective, its 
severity can be evaluated through measurements 
like the Fatigue Severity Scale (FSS). 
Interestingly, one study demonstrated that pres-
ence of fatigue at admission (FSS ≥ 4, reported in 
39% of GBS patients) was significantly associ-

ated with ventilator requirement and neuropathic 
pain. Furthermore, the presence of fatigue at dis-
charge (FSS ≥ 4, 12%) was associated with dis-
ability, anxiety, and extended duration of 
rehabilitative stay. Fatigue did not correlate with 
age, gender, antecedent illness, muscle weak-
ness, depression, or sleep disturbances [36]. 
Despite being a pervasive problem, there are lim-
ited studies or clinical trials addressing fatigue in 
GBS. Generally speaking, the impact of fatigue 
on daily life can be improved or minimized by 
energy reservation strategies, which can be devel-
oped through activities like exercise. One RCT 
showed that high intensity relative to lower inten-
sity exercise significantly reduced disability in 
patients with GBS.  Overall, various types of 
exercise programs improve physical outcomes 
such as functional mobility, cardiopulmonary 
function, isokinetic muscle strength, and reduced 
fatigue in patients with GBS.

Lifestyle changes can help fatigue using 
energy reservation strategies very few studies on 
the efficacy of pharmacologic therapies to help 
combat post-GBS fatigue showed little benefits. 
Amantadine has been shown to improve fatigue 
in patients with multiple sclerosis but has been 
ineffective in GBS patients. Stimulants such as 
modafinil, methylphenidate, or dextroamphet-
amine are also used in patients with multiple 
sclerosis with some benefits but none was studied 
in GBS patients. Of an important note, modafinil 
and methylphenidate are both pregnancy cate-
gory C and no stimulant has been proven safe 
during pregnancy. Depression is also a significant 
problem following GBS, with approximately 1 in 
15 patients (6.7%) diagnosed with GBS meeting 
depression criteria based on Hospital Anxiety 
and Depression Scale scores. In addition, depres-
sive symptoms were found to be present at 
3  months post- diagnosis, with notable relief of 
depression after bicycle exercise training [37]. 
Among 76 GBS survivors enrolled in an 
Australian study that evaluated long-term GBS 
related outcomes, 18% reported moderate to 
extreme depression using the Depression Anxiety 
Stress Scale, with higher scores among women. 
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Anxiety, depression, and brief episodes of reac-
tive psychosis are more frequently reported in 
patients with GBS in high dependency settings or 
ICUs, particularly those with severe GBS experi-
encing quadriparesis and cranial nerve involve-
ment or requiring ventilation [38]. Treating 
concurrent psychological issues, particularly 
depression, plays an important role in the recov-
ery from GBS.

 Prediction Models and Prognosis

GBS is a very heterogeneous disease with vari-
able disease courses and outcomes. Several novel 
prediction models have been proposed and vali-
dated to provide accurate prognostic data in dif-
ferent phases of GBS and to help in selecting 
patients for individualized care.

In the emergency room, the Erasmus GBS 
Respiratory Insufficiency Score (EGRIS) can be 
used as to predict the probability of respiratory 
insufficiency in the first week after admission for 
GBS. The model uses the following parameters: 
severity of weakness (expressed as the MRC sum 
score), the number of days between onset of 
weakness and admission, and facial and/or bulbar 
weakness. If the predicted chance of developing 
respiratory insufficiency is high, the patient 
should be admitted to the ICU instead of a gen-
eral ward [39].

About 25% of GBS patients require artificial 
ventilator support. It was shown that time from 
onset to admission of <7 days, inability to cough, 
inability to stand, inability to lift the elbows or 
head from the bed, and increased liver enzyme 
levels was predictive of increased probability of 
needing artificial ventilation in a French study of 
722 GBS patients [40]. Another study identified 
similar parameters predicting the need for 
mechanical ventilation: time from onset to admis-
sion <7  days, muscle weakness on admission, 
facial and/or bulbar weakness, and IgG antibody 
against GQ1b [41].

Once intubated, factors that predict success-
ful weaning from the ventilator are 

age < 60 years, lack of autonomic dysfunction, 
and vital capacity >20 mL/kg or an improvement 
in vital capacity of 4  mL/kg [12]. Conversely, 
autonomic dysfunction, advanced age, and pul-
monary comorbidity are associated with a long 
duration of mechanical ventilation and the need 
for tracheostomy [42]. A high grade on the GBS 
Disability Scale at neurological examination at 
2  weeks after admission, diarrhea preceding 
GBS onset, and advanced age are all predictors 
of poor long-term outcome [43].

Mortality from GBS varies between 3% and 
7%, most commonly from respiratory insuffi-
ciency, pulmonary infection, autonomic dysfunc-
tion, and cardiac arrest. Predictors of mortality are 
advanced age, severe disease, increased comor-
bidity, pulmonary and cardiac complications, 
mechanical ventilation, and systemic infection. A 
large proportion of the deaths occur >30  days 
from onset, and a subsequent study has shown 
that the majority of patients who died were in the 
recovery phase [44]. Therefore, it is important to 
continue close monitoring and supportive care 
after patients are discharged from the ICU.

Most pregnant women with GBS carry a good 
prognosis. The majority of them recover with no 
residual deficits and have an uncomplicated labor 
and delivery following pregnancy. Poor prognos-
tic factors among pregnant patients with GBS 
include marked decrease in muscular strength, 
need for ventilatory assistance, and reduced 
amplitude of evoked motor potential on EMG/
NCS [4]. About 5% of patients initially diag-
nosed with GBS are eventually found to have 
chronic inflammatory demyelinating polyradicu-
loneuropathy (CIDP) with acute onset (A-CIDP) 
[28]. This subgroup of patients requires long- 
term immunotherapies unlike most GBS patients. 
There was also a case report of relapsing GBS 
during the immediate postpartum period follow-
ing an initial GBS during the third trimester and 
a full recovery.  Presumably, surgery and anesthe-
sia may be triggers for relapse in association with 
an overall increase in pro-inflammatory cyto-
kines in the postpartum period. The patient 
responded to a repeat course of IVIg [45].
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In summary, Guillain-Barre syndrome (GBS) 
rarely complicates pregnancy, and can be associ-
ated with high maternal and perinatal morbidity 
if not properly identified and treated. Neurologists, 
intensivists, and obstetricians should work 
together to provide the best care of these patients.
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23Myasthenia Gravis in Pregnancy 
and Delivery

Megan M. Leitch

Abbreviations

AChR- Ab Acetylcholine receptor antibody
IVIg Intravenous immunoglobulins
MG Myasthenia gravis
MUSK Muscle specific tyrosine kinase

 Clinical Background

Myasthenia gravis (MG) is an autoimmune disor-
der of the neuromuscular junction, characterized 
by fluctuating weakness of skeletal muscles. MG 
has a bimodal age of onset in men and women. 
The peak annual age for incidence of disease is at 
ages 20–24 and 70–75 for women [1]. There are 
two clinical forms of myasthenia: ocular and gen-
eralized. Patients with ocular MG have symp-
toms limited to eyelids and extraocular muscles, 
causing diplopia and ptosis. In generalized MG, 
weakness affects ocular muscles in addition to 
limb, bulbar, and respiratory muscles, causing 
fatigable limb weakness, dysphagia, dysarthria, 
and dyspnea. More than 50% of patients with 
MG present with ocular symptoms and about half 
of patients who present with ocular MG will 
remain purely ocular.

In a patient clinically suspected of having MG, 
additional testing should be undertaken. Serologic 
testing should start with searching for autoantibod-
ies against the acetylcholine receptor (AChR-Ab). 
If AchR-Abs are negative, testing for muscle spe-
cific tyrosine kinase (MuSK) is recommended. If 
antibody testing is negative, electrodiagnostic tests 
including repetitive nerve stimulation or single fiber 
electromyography can be done to look for evidence 
of neuromuscular junction disease. Additionally, 
many patients with MG will have evidence of thy-
mic gland pathology. Ten to fifteen percent of MG 
patients have thymomas and as many as 70% have 
thymic gland hyperplasia [1]. Thymectomy is stan-
dard of care for all patients with evidence of thy-
moma on chest imaging and for AchR-Ab positive 
patients with generalized MG [2].

A variety of medications are used in the treat-
ment of MG. Pyridostigmine is an acetylcholin-
esterase inhibitor and is used as the standard 
first-line treatment for nearly all myasthenic 
patients to help control symptoms. If pyridostig-
mine fails to fully control a patient’s symptoms, 
the patient is typically started on a steroid. 
Generally, a nonsteroidal immunosuppressant 
such as azathioprine, cyclosporin, mycopheno-
late mofetil, or methotrexate is started if there is 
a contraindication to steroids or if the patient 
needs a high dose of steroids to control their 
symptoms. Data from randomized control trials 
and expert consensus recommends using azathio-
prine as an initial immunosuppressant [3].
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A myasthenic crisis is the most feared com-
plication of MG and is defined as respiratory 
failure with the need for mechanical ventila-
tion. Approximately 15–20% of patients with 
MG experience a crisis in their lifetime. A cri-
sis is more likely to occur within the first 2 
years of the disease but can occur at any time. 
In one study, 76% of crises began with worsen-
ing generalized weakness, 19% by bulbar 
symptoms, and 5% by worsening respiratory 
function [4]. Common triggers of a myasthenic 
crisis include respiratory infection, aspiration, 
post- thymectomy, emotional stress, certain 
medications, early pregnancy, and the postpar-
tum period ([4]; Rowland). Plasmapheresis or 
intravenous immunoglobulin (IVIg) are both 
effective in treating a myasthenic crisis and can 
also be used to treat severe or refractory gener-
alized myasthenia.

 Preconception Care in Myasthenia 
Gravis

It is not uncommon to see pregnant women with 
MG, as the disease does not affect fertility and is 
prevalent in women of childbearing age. MG has 
a variable but potentially serious effect on preg-
nancy. In a review of the literature involving 322 
pregnancies in 225 myasthenic mothers, 31% had 
no change in MG symptoms, 28% improved, and 
41% had a clinical worsening during pregnancy 
[1]. Additionally, 30% had an exacerbation of 
their myasthenia in the postpartum period. 
Another study of 18 patients found 11% had 
improvement, 39% had clinical worsening, and 
50% remained clinically stable [5]. The highest 
risk periods for an exacerbation of symptoms are 
during the first trimester and the early postpartum 
period. In most women, MG symptoms improve 
during the second and third trimester coinciding 
with the normal immunosuppression that occurs 
during later stages of pregnancy (Djelmis).

Ideally, all myasthenic patients considering 
pregnancy should receive preconception counsel-
ing to maximize their clinical condition and min-

imize the use of immunosuppressive drugs. Many 
myasthenic patients also suffer with autoimmune 
thyroid disease, so thyroid status should be 
checked during pregnancy planning and again 
when the patient becomes pregnant [6]. Pregnancy 
during the first year after diagnosis puts the 
mother at a higher risk of lift-threatening compli-
cations from the disease [7]. It is generally rec-
ommended that women wait 1–2  years after 
diagnosis before considering a pregnancy [8] to 
decrease their risk of a crisis. Women under good 
control can be reassured that they are likely to 
remain stable throughout pregnancy [3]. Young 
women with generalized AChR-Ab positive MG 
are typically advised to undergo thymectomy 
shortly after diagnosis. However, thymectomy 
can be a trigger for an exacerbation and its effect 
on disease activity takes months to years. 
Therefore, current guidelines recommend that 
thymectomy should be delayed in any women 
who is already pregnant or anticipating preg-
nancy in the next few months [3].

A discussion concerning the safety of thera-
pies in MG is an essential part of pre-pregnancy 
counseling and is discussed in detail below. 
Mycophenolate mofetil and methotrexate 
increase the risk of teratogenicity and should not 
be used in pregnancy [3]. If there is an unplanned 
pregnancy on either of these medications, they 
should be slowly tapered off and in the case of 
methotrexate, the patient should start 5  mg of 
folic acid a day. Ideally, these medications should 
be stopped gradually prior to trying to conceive 
with a 3–6-month wash-out period.

 Disease Management in Pregnancy

As previously discussed, pregnancy has a vari-
able effect on myasthenia and each pregnancy 
may be different for a myasthenic patient. MG 
does not increase a women’s risk of pre- 
eclampsia, fetal growth restriction, or spontane-
ous abortion but there may be an increased risk of 
preterm birth [9]. Pregnancy is associated with 
hemodynamic changes in the woman including 
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an increase in blood volume and renal clearance 
as well as delayed gastric emptying and frequent 
emesis. These changes may interfere with absorp-
tion of medication, necessitating dose 
adjustments.

Oral acetylcholinesterase inhibitors such as 
pyridostigmine are standard first-line treatment 
for MG, including during pregnancy [3]. The 
available evidence does not suggest an increased 
risk of fetal malformation or adverse pregnancy 
outcomes [7]. Parenteral acetylcholinesterase 
inhibitors may produce uterine contractions and 
should not be used during pregnancy, outside of 
labor and delivery [6]. Pyridostigmine can be 
administered orally with usual doses of 60  mg 
every 4–6  h, up to 1500  mg a day. Abdominal 
cramps and diarrhea may limit the amount of pyr-
idostigmine that a patient can tolerate. MuSk 
antibody-positive patients’ are also less respon-
sive to pyridostigmine and frequently need to 
start an immunosuppressant shortly after 
diagnosis.

If a pregnant women’s myasthenic symptoms 
are inadequately controlled on pyridostigmine, 
prednisone is the immunosuppressant of choice 
[3]. Glucocorticoids should be started at a low 
dose and gradually increased to reduce the risk of 
transient worsening of symptoms that can occur 
when starting this class of medication. While 
older data suggested a slight risk of cleft palate in 
babies born to women receiving corticosteroids 
in the first trimester, newer, prospective data does 
not support this association [6]. Current thinking 
is that there are no known teratogenic effects 
from glucocorticoids. However, glucocorticoids 
increase the risk of premature delivery and 
increase the risk of developing hypertension and 
gestational diabetes [10]. Women maintained on 
steroids during pregnancy need careful glucose 
monitoring.

Azathioprine and cyclosporine can be used if 
a pregnant woman has failed acetylcholinesterase 
inhibitors and glucocorticoids or if glucocorti-
coids are not well tolerated [3]. Prior studies of 
these medications in transplant patients and 
patients with other autoimmune diseases have 

shown them to be relatively safe in pregnancy 
with no increased risk of congenital abnormali-
ties [7]. However, use of azathioprine during 
pregnancy has been associated with a possible 
increased risk of fetal growth restriction and low 
birth weight [7]. If possible, the dose of azathio-
prine should be decreased at 32 weeks gestation 
to reduce the risk of neonatal leukopenia and 
thrombocytopenia [8]. Cyclosporine has been 
shown to cross the placenta readily but there is no 
increased risk of severe complications or malfor-
mations. There is, however, a risk of preterm 
delivery and lower birth weight in the neonate 
[7].

Rituximab is a newer therapy that has been 
demonstrated to improve disease control in 
MuSK antibody-positive patients [11]. By 
16 weeks gestation, rituximab does cross the pla-
centa. A recently published review of women 
with other autoimmune disease who received 
rituximab within 6 months of conception found 
no increased risk of major malformations [12]. 
However, there were some cases of decreased 
B-cell counts in infants born to women using 
rituximab that resolved within 6  months [12]. 
MuSK positive patients also respond well to plas-
mapheresis [3].

Plasmapheresis and IVIg therapy are used for 
treatment of a myasthenic crisis, for acute wors-
ening of myasthenic symptoms, or for patients 
with refractory generalized myasthenia. These 
treatments may also be considered if there are 
intolerable side effects to the first- and second- 
line therapies previously discussed. There is a 
theoretical risk of causing premature labor with 
plasmapheresis, because of the removal of circu-
lating hormones [8]. Fetal monitoring during 
plasmapheresis is recommended in the third tri-
mester. Continuous fetal monitoring is also indi-
cated during a myasthenic crisis if the fetus is at 
a viable gestational age, given risk of maternal 
and fetal hypoxia (UpToDate). IVIg is typically 
administered at a dose of 2 g/kg divided over 
3–5 days as an initial loading dose. The safety of 
using IVIg during pregnancy has not been stud-
ied in MG but the obstetric literature contains 
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many reports of IVIg being used safely in preg-
nancy for the treatment of other autoimmune 
conditions such as antiphospholipid syndrome. 
IVIg is generally well tolerated but common side 
effects include headache, nausea, and malaise. 
More serious risks of systemic side effects 
include aseptic meningitis, thromboembolic 
events, and anaphylactic reaction. Volume over-
loading associated with the infusion and hyper-
viscosity may carry an increased significance in 
pregnancy [8].

 Other Considerations in Pregnancy

Even in an uncomplicated pregnancy, the grow-
ing fetus may restrict the diaphragm and cause 
impairment in respiratory function [8]. Women 
with MG who already have respiratory involve-
ment may develop more respiratory symptoms in 
the later stages of pregnancy. Baseline pulmo-
nary function testing and close follow-up of 
respiratory status should be considered in all 
pregnant women with generalized MG [9].

Globally, pre-eclampsia complicates 2–8% of 
pregnancies [13, 14]: while MG does not increase 
the risk of pre-eclampsia, if the two conditions 
are present together, careful management is 
needed. Magnesium sulfate is used as an anti- 
convulsant in pre-eclampsia and has been dem-
onstrated to decrease maternal mortality [13, 14]. 
However, owing to the neuromuscular blocking 
effects of magnesium sulfate, a pregnant myas-
thenic patient with pre-eclampsia or eclampsia 
should not be treated with magnesium sulfate as 
its use could precipitate a myasthenic crisis [3]. 
Instead, levetiracetam or valproic acid can be 
used for seizure prophylaxis. Phenytoin can also 
worsen MG and should only be used for refrac-
tory seizures. For treatment of hypertension dur-
ing pregnancy, beta-blockers and calcium channel 
blockers should be avoided when possible as 
both classes of medication can exacerbate myas-
thenic symptoms. Methyldopa or hydralazine 
should be used instead for the management of 
elevated blood pressure.

 Fetal Assessment

MG is rarely associated with fetal abnormalities 
from the transplacental passage of AchR-Abs 
during pregnancy. The most severe finding in the 
fetus is arthrogryposis multiplex congenita, a 
condition characterized by multiple joint contrac-
tures from the lack of movement in utero [15]. 
Decreased fetal movement has been described in 
the setting of maternal MG, so women should be 
encouraged to monitor fetal movement starting at 
24 weeks of gestation and if there is concern for 
reduced fetal movement, ultrasound scanning 
should be done [6]. Polyhydramnios from 
impaired fetal swallowing can also affect preg-
nancies secondary to transplacental passage of 
AchR-Abs [16].

 Labor and Delivery

During the first stage of labor, uterine contraction 
is not affected by MG as the uterus is composed 
of smooth muscle, which lacks post-synaptic ace-
tylcholine receptors [9]. However, the second 
stage of labor may be affected because it requires 
the use of voluntary straited muscles to ultimately 
deliver the baby. Even with this consideration, 
spontaneous vaginal delivery should be the goal 
for most myasthenic patients [3]. Assisted vagi-
nal delivery with either forceps or vacuum can be 
considered if the woman develops significant 
fatigue or weakness [9]. Cesarean section should 
be reserved for obstetrical indications only as 
surgery has increased risk in myasthenic patients. 
Myasthenic fatigue during labor can be helped by 
the administration of cholinesterase inhibitors, 
which should be administered parentally during 
this time to avoid the unpredictable gastrointesti-
nal absorption that occurs during labor. 
Pyridostigmine can be given intramuscularly or 
intravenously at approximately 1/30th the dose 
of an oral preparation, such as 2.0  mg every 
3–4 h during labor. Neostigmine doses of 1.5 mg 
intramuscularly or 0.5  mg intravenously are 
equivalent to 60 mg of oral pyridostigmine [8]; 
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however, this cholinesterase inhibitor has strong 
muscarinic and nicotinic side effects making 
parenteral pyridostigmine the preferred choice 
(Djelmis).

Maternal respiratory status (pulse oximetry 
and respiratory rate) should be monitored care-
fully during labor because stress and fatigue may 
precipitate worsening of disease. According to 
some experts, women who have been on predni-
sone for more than 2 weeks at a dose of more 
than 7.5 mg a day are recommended to receive 
stress-dose hydrocortisone during the intrapar-
tum period [6].

Pregnant women with MG should consult 
with an anesthesiologist prior to labor to discuss 
options for analgesia and anesthesia, if needed. 
Regional anesthesia with an epidural or com-
bined spinal-epidural is recommended when vag-
inal delivery is anticipated as it can reduce fatigue 
and allow for adequate anesthesia if assisted 
delivery is needed [6]. General endotracheal 
anesthesia is recommended for a patient with 
severe disease and compromised respiratory or 
bulbar status who needs a cesarean section. Non- 
depolarizing muscle relaxants, usually used for 
intubation, should be avoided, if possible. If these 
drugs are required, the dose should be lowered 
[6]. Sedatives and opioids should also be avoided 
due to the risk of respiratory depression. If opi-
oids are used for pain, increased respiratory mon-
itoring is recommended. Nonsteroidal 
anti-inflammatory drugs such as ibuprofen can be 
safely used in the postpartum period for pain 
control.

MG is generally thought to have an increased 
risk of complications and operative interventions 
during delivery [17]. A retrospective study in 
Norway of 127 births by mothers with MG com-
pared to a reference group of 1.9 million births by 
mother without MG found that women with MG 
had a higher risk of complications at delivery 
(40.9% vs. 32.9%) [18]. In particular, the risk of 
preterm rupture of amniotic membranes was 
5.5% in the MG group vs. 1.7% in the reference 
group. Additionally, the rate of interventions dur-

ing birth (cesarean section or forceps/vacuum 
assisted vaginal delivery) was higher in the MG 
group 33.9% vs. 20% in the non-MG group [18]. 
In contrast, a Taiwanese population-based study 
of 163 women with MG compared to 815 
matched population controls found no increased 
risk in myasthenic women of having preterm 
labor or giving birth to an infant that was small 
for gestational age or with a low birth weight 
[19]. Additionally, they found that women with 
MG also did not have a higher risk of cesarean 
delivery compared to unaffected women [19].

 Neonatal Concerns

10–21% of infants born to myasthenic women 
will develop transient neonatal MG [5, 7] second-
ary to placental transfer of antibodies in the sec-
ond and third trimesters. Typically, the baby will 
develop symptoms 1–4 days after birth including 
muscle weakness, feeding difficulty, ptosis, weak 
cry, and mild respiratory distress. It is recom-
mended that all babies born to myasthenic moth-
ers be monitored in the inpatient setting for 
2  days after birth [6]. A symptomatic neonate 
will need to be monitored closely for a longer 
period, but treatment with oral or parenteral anti-
cholinesterase agents will generally improve 
symptoms. Neonatal MG usually reverses after 
3–8 weeks as the antibodies from the mother are 
degraded [5, 7]. It is important to note that the 
development of neonatal MG does not necessar-
ily corelate with the severity of maternal symp-
toms and has occurred in babies born to 
myasthenic women whose disease was in remis-
sion [16]. Some data does suggest that babies 
born to mothers who have already undergone 
thymectomy prior to pregnancy have a lower 
incidence of neonatal myasthenia [9, 17, 18]. 
Even if the mother’s myasthenia is well- 
controlled, all babies born to myasthenic mothers 
should be examined for evidence of weakness 
and have rapid access to neonatal critical care 
support [3].
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 Postpartum Management

Women should be monitored closely in the first 
few weeks after delivery because of a 30% 
increased risk for a crisis [9]. Since infection can 
trigger a crisis, women and their health care pro-
viders should be vigilant about monitoring for 
and treating common postpartum infections such 
as cystitis, mastitis, or a wound infection. 
Breastfeeding is an option for most myasthenic 
women if their disease is under good control and 
there is no concern for neonatal myasthenia [9]. 
Nursing can be physically exhausting for a 
mother and if her myasthenic symptoms are 
worsened by fatigue, bottle feedings may allow a 
partner to help more in infant care so that she can 
get additional rest. Glucocorticoids can be safely 
used in lactation and should not be abruptly 
stopped or started during this period when risk of 
a crisis is high. Low levels of azathioprine metab-
olites are found in breast milk of some women 
using this medication and there are conflicting 
opinions in the literature as to the safety of this 
drug in breastfeeding. A National Institutes of 
Health summary found no evidence of adverse 
effects on the health and development of infants 
exposed to azathioprine during breastfeeding for 
up to 3.5 years, however long-term follow up has 
not been performed (NIH/med lac website). 
Mycophenolate mofetil and methotrexate are 
contraindicated for a lactating mother. 
Anticholinesterase drugs are considered safe in 
lactation but some of the drug may be found in 
breast milk so higher doses should be avoided if 
possible.

 Conclusion

While many myasthenic women have a safe and 
uneventful pregnancy, preconception planning is 
ideal. The course of the disease is variable during 
pregnancy with the first trimester and the post-
partum period carrying the highest risk of a 
myasthenic crisis. Women need to be monitored 
closely during pregnancy and labor and delivery 
with a multidisciplinary approach involving 
obstetrics, neurology, pediatrics, and anesthesia. 

Many commonly used medications to control the 
disease are generally still safe during pregnancy 
and lactation. When possible, myasthenic women 
should deliver at a hospital equipped to manage 
obstetrical complications in the mother and to 
provide advanced care for the infant, if needed.
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24Peripheral Nerve Disorders 
in Pregnancy

Anna C. Filley and Christopher J. Winfree

 Introduction

Peripheral neuropathy is a relatively common 
complication of pregnancy. Obstetric patients are 
at risk of sustaining peripheral nerve injuries 
directly related to pregnancy and parturition and 
may be predisposed to developing certain neu-
ropathies, which often follow a different clinical 
course than what is seen in the general popula-
tion. In fact, pregnancy is an established risk fac-
tor for the development of distal entrapment 
neuropathies like carpal tunnel syndrome (CTS) 
[1] and immune-mediated cranial neuropathies 
like Bell’s Palsy [2]. The diagnostic workup and 
management of pregnant patients with peripheral 
neuropathy create unique and complex chal-
lenges for the clinician. Consideration must be 
made to pregnancy-specific risk factors and mod-
ifiers of disease as well as the implications of the 
disease course, workup, and treatment for the 
pregnancy. Certain diagnostic tests (computed 
tomography, contrast administration), medica-
tions classically used to treat neuropathic pain 
(anticonvulsants and antidepressants), and proce-
dures (surgical intervention, general anesthesia) 
pose risks to the developing fetus, often placing 
functional constraints on the scope of diagnostic 
workup and management of these patients. As a 

result, a thorough understanding of the natural 
history and clinical course of pregnancy- 
associated neuropathies becomes more impera-
tive in establishing an accurate clinical diagnosis, 
predicting recovery and functional outcomes, and 
minimizing the use of unnecessary tests or proce-
dures that may have lasting consequences to the 
pregnancy.

Peripheral nerve disorders in pregnancy can 
be described as either an acute nerve injury or 
subacute neuropathy, though a spectrum does 
exist between the two categories. The importance 
in distinguishing between these two processes 
lies in the identification of pathologies that may 
necessitate acute intervention and differentiating 
them from those that may be safer and more 
appropriate to conservatively manage, particu-
larly in a patient population in which risks of 
diagnostic testing and treatments to a developing 
fetus must be considered. Acute peripheral nerve 
injuries tend to be associated with an identifiable 
mechanism of injury and immediate onset of 
neurological deficits. In the obstetric population, 
these tend to be sustained as complications of 
childbirth and include procedure-related nerve 
injuries, labor-related nerve injuries, and posi-
tioning nerve injuries [3–6]. Autoimmune or 
inflammatory neuropathies, such as Parsonage- 
Turner syndrome and idiopathic lumbosacral 
plexopathy, may present after a triggering event 
such as parturition [4]. In these cases, neurologi-
cal deficits typically occur in a delayed fashion 
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after the inciting event and often after a prodrome 
of pain. Entrapment neuropathies occur second-
ary to a more chronic application of lower- 
intensity forces, usually at sites of pre-existing 
stenosis. They are classically associated with 
pregnancy and tend to present in a more subacute 
manner with gradual onset of symptoms in later 
trimesters [7].

Most cases of pregnancy-related peripheral 
neuropathy are mild compression or 
 positioning- related neuropathies that develop as 
a direct or indirect result of local and systemic 
factors acting on vulnerable distal entrapment 
sites. During pregnancy, there are a multitude of 
hormonal, metabolic, and anatomic changes that 
may predispose women to the development of 
peripheral neuropathies. In later stages of preg-
nancy, fluid retention and tissue edema, together 
with the weight gain and increased abdominal 
girth associated with fetal growth, may progres-
sively compress or stretch peripheral nerves at 
pre-existing stenotic locations [8]. Changes in 
immune status that occur during pregnancy may 
influence susceptibility to infection, strength and 
nature of immune responses, propensity for or 
protection against latent viral re-activation, and 
relative risk of autoimmune disease [2, 9]. Altered 
metabolism and energy utilization occurring dur-
ing pregnancy to meet the needs of the develop-
ing fetus may lead to acute metabolic 
derangements that, in the setting of underlying 
systemic disorders (glucose metabolism in gesta-
tional or pre- pregnancy diabetes, thyroid dys-
function), may influence the development or 
progression of neuropathic symptoms. Women 
with pre-existing nerve damage or dysfunction 
are at greater risk for developing peripheral neu-
ropathy in the setting of pregnancy, tend to expe-
rience more severe symptoms, and have a worse 
prognosis for recovery [10, 11]. Hereditary neu-
ropathies including Charcot-Marie-Tooth (CMT), 
hereditary neuropathy with liability to pressure 
palsies (HNLPP), hereditary brachial plexopathy, 
and Isaac’s syndrome may manifest for the first 
time during pregnancy and must be considered 
even in patients without prior diagnosis [12, 13].

Fortunately, most pregnancy-related neuropa-
thies are caused by mild demyelinating injuries 
and spontaneously resolve in the months postpar-

tum [4, 6]. Given this excellent prognosis, in the 
absence of concerning signs or symptoms, 
patients are initially managed conservatively and 
additional diagnostic workup in the form of 
imaging or electrodiagnostics is not pursued. A 
combination of patient history correlated with 
relevant clinical examination findings is often 
sufficient to localize the anatomic level of the 
lesion and form the basis for a differential diag-
nosis. Patients with atypical clinical presentation, 
prolonged disease course, refractory symptoms, 
or evidence of disproportionately significant 
nerve injury, however, should undergo a more 
extensive evaluation for possible underlying 
diagnoses that may directly or indirectly lead to 
nerve damage or augment susceptibility to the 
development of neuropathies [13, 14]. The pres-
ence of severe weakness, numbness in the groin 
area, incontinence, or other progressive deficits 
may be secondary to acute cord compression and 
should prompt immediate further evaluation to 
rule out compressive pathology (expanding 
hematoma, mass lesion, herniated disc, lacerat-
ing injury) that may require timely intervention 
[10, 15, 16].

Fundamentally underlying initial evaluation 
of suspected peripheral neuropathy is identifica-
tion of clinical scenarios that may require surgi-
cal intervention in order to prevent permanent 
disability. The peripheral nerve surgeon plays a 
crucial role in this process, with procedures that 
remove compressive forces or restore anatomical 
continuity of healthy nerve segments that other-
wise would be unable to independently recover. 
Operative management of peripheral nerve injury 
in both pregnant and non-pregnant patients there-
fore hinges on the crucial distinction between 
neuropathies with the capacity for independent 
regeneration and those in which no functional 
recovery could be expected without surgical 
intervention.

 Patient Assessment

 Physical Exam

Physical examination should involve testing of 
all muscle groups; the distribution of affected 
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muscles can be used to localize the level of the 
lesion. Any muscular atrophy, asymmetry, or 
abnormal resting positions should be noted, tak-
ing care to look for any constellation of symp-
toms indicative of a specific injury pattern 
(Klumpke or Erb’s palsy in brachial plexus 
avulsions). For suspected peripheral nerve 
entrapments, there is often pain and tenderness 
at the entrapment site which may be reproduced 
with focal palpation (e.g., reproduction of hand 
paresthesias in the distribution of the median 
nerve by tapping over the carpal tunnel entrap-
ment site at the wrist, diagnostic of CTS). The 
examiner should attempt to reproduce symp-
toms with exaggerated limb movements or posi-
tions (straight leg raise, Phalen’s sign, Tinel’s 
test) [10].

 Electrodiagnostic Studies

Electrodiagnostic evaluation with nerve conduc-
tion studies (NCSs) and electromyography 
(EMG) may be performed to localize the level of 
the lesion, characterize the involvement of demy-
elinating and axonal injury, and evaluate for evi-
dence of functional recovery. Compression or 
entrapment neuropathies tend to cause local dam-
age to the myelin sheath that manifest with 
decreased conduction velocity or focal conduc-
tion block of sensory nerve action potentials 
(SNAPs) across the demyelinated segment, 
thereby revealing the site of entrapment. 
Radiculopathies can be differentiated from 
plexopathies and peripheral neuropathies by the 
presence of early paraspinal muscle EMG abnor-
malities in the former. Paraspinal muscles are 
innervated by the most proximal nerve root 
branches that exit prior to plexus formation and 
are not typically affected in a peripheral neuropa-
thy [4]. Abnormalities across several muscles 
innervated by different peripheral nerves suggest 
a more proximal cause; widespread, patchy 
involvement may also be due to systemic autoim-
mune or inflammatory process rather than a focal 
nerve injury.

 Diagnostic Imaging

 Ultrasound

Diagnostic ultrasound (US) is a non-invasive 
imaging modality that is commonly employed in 
the early workup of peripheral neuropathies in 
pregnant and non-pregnant patients. High- 
resolution ultrasonography allows visualization 
of peripheral nerves and surrounding structures 
within the superficial soft tissues that can both 
reveal the presence of structural causes of entrap-
ment and detect changes in nerve morphology 
indicative of ongoing compression and injury. 
Static and dynamic views can be used to evaluate 
these relationships in various anatomical posi-
tions and may reveal pathology such as nerve 
tethering and symptomatic adhesions that may 
only be evident with motion. Ultrasound has 
proved to be particularly valuable in the evalua-
tion of suspected entrapment syndromes and is 
helpful in differentiating between idiopathic and 
secondary disease [17]. Visualization of structural 
abnormalities such as tumors or other space- 
occupying mass lesions, fluid collections (hema-
toma, abscess, seroma), hypertrophied bony 
prominences, tendon synovitis, or restrictive scar 
tissue may provide clues to the etiology of symp-
toms. Anatomical variations predisposing to nerve 
entrapment such as accessory muscle bellies or 
abnormal nerve courses can also be readily 
detected with ultrasound imaging. Imaging along 
the course of a nerve can reveal sites of focal ste-
nosis that may be correlated with structural 
changes in the nerve itself. Evaluation of nerve 
morphology may demonstrate changes consistent 
with nerve entrapment including fusiform swell-
ing proximal to the site of compression, focal 
kinking or deformation, loss of normal fascicular 
architecture, or intraneural thickening and fibro-
sis; the addition of Doppler imaging may demon-
strate alterations in microvascularity including 
intraneural and perineural hyperemia [18]. In set-
tings of trauma and severe nerve damage, US can 
be used to assess neuronal continuity and the 
presence of surrounding tissue injury or edema.
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 Magnetic Resonance Imaging/MR 
Neurography

Magnetic resonance imaging (MRI) and MR 
neurography (MRN) allow high-resolution visu-
alization of superficial and deep soft tissues with-
out exposing the developing fetus to harmful 
radiation. Contrast agents are not routinely used 
in MR neurography, which is helpful in limiting 
the exposure of the fetus to unnecessary agents. 
These imaging modalities may be particularly 
useful in evaluation of spinal disease and can be 
used to rule out the presence of compressive 
pathology such as hematoma, inflammation, or 
infection [19], disc herniation [20], or malig-
nancy [3]. Imaging may also be used in the set-
ting of trauma to evaluate neuronal continuity, 
characterize any surrounding tissue disruption or 
edema [4], and evaluate for disruption of spinal 
elements [21]. MR neurography may provide 
evidence of neuronal injury. Injured, inflamed 
nerves often appear grossly edematous and 
exhibit increased signal on T2-weighted images. 
Eventually, chronic denervation leads to muscle 
atrophy and volume loss associated with fatty 
infiltration resulting in areas of T1 hyperintensity 
[22]. In addition to providing valuable diagnostic 
insights regarding anatomical integrity of a nerve 
and its relationship to surrounding structures, 
imaging can be used to guide additional diagnos-
tic and therapeutic percutaneous procedures such 
as nerve blocks.

 Differential Diagnosis

 Acute Peripheral Nerve Injury

Acute peripheral nerve injuries tend to be associ-
ated with an identifiable mechanism of injury and 
immediate onset of neurological deficits. In the 
obstetric population, acute nerve injuries tend to 
be associated with events surrounding parturition 
and include procedure-related nerve injuries, 
labor-related nerve injuries, and positioning 
nerve injuries [3–6]. Symptoms are usually 
related to compression and stretch of the nerve by 
the fetal head, maternal positioning, or obstetric 

care [3, 23–25]. A prolonged second stage of 
labor, particularly in the lithotomy position, has 
been established as an independent predictor of 
postpartum neuropathy [3, 23]. Other proposed 
risk factors include nulliparity [6, 16, 26], short 
stature [26, 27], excessive weight gain, fetal mac-
rosomia [27] or malpresentation [27], and 
forceps- assisted delivery [6, 16, 26, 27]. 
Neuraxial anesthesia, in addition to prolonging 
the time spent in the second stage of labor, may 
contribute to the risk of compressive neuropathy 
by dulling pressure sensations that would other-
wise prompt the patient to change positions to 
avoid impending injury [3, 6, 28, 29]. Rarely, 
administration of epidural anesthesia may cause 
neurologic injury secondary to acute develop-
ment of a compressive epidural hematoma or 
delayed complication with abscess, chemical 
meningitis or arachnoiditis, or neurotoxicity 
from anesthetic agents [30].

Among the most frequently diagnosed 
pregnancy- related nerve injuries are postpartum 
lower extremity neuropathies, which are esti-
mated to affect at least 1% of women [3, 27]. 
Most commonly affected in descending order of 
frequency are the lateral femoral cutaneous, fem-
oral, peroneal, sciatic, and obturator nerves; inju-
ries to the lumbosacral plexus have also been 
reported [3, 23]. Patients typically present in the 
immediate postpartum period with sensory or 
motor deficits. The prognosis for these injuries is 
excellent, and most mild cases completely resolve 
within 2–3 months [4–6, 23]. More severe palsies 
may recover over the course of a year and perma-
nent deficits are exceedingly rare [6, 23, 26, 27]. 
Conservative management, including physical 
therapy, is the cornerstone of treatment [28, 31]. 
Surgical decompression is performed in the set-
ting of persistent deficits and nerve entrapment. 
Nerve repair is appropriate if the patient shows 
no clinically significant recovery after 3 months.

 Entrapment Neuropathy

Entrapment neuropathies are focal compressive 
neuropathies that occur within a confined space; 
they may arise anywhere along the course of a 
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nerve, though are more common at sites of pre- 
existing stenosis that may be less accommodat-
ing to any further narrowing. Some patients are 
particularly prone to developing entrapment neu-
ropathies due to congenitally narrowed nerve 
tunnels [32], variant anatomy or course (split 
nerves, course through slips of muscle), or 
 abnormal nerves or nerve sheaths themselves 
[33]. Inflammation or swelling of surrounding 
structures may reduce the available space for the 
nerve and when the pressure in the surrounding 
space exceeds the perfusion pressure into the 
nerve, adequate perfusion and nutrient delivery 
can be compromised, leading to nerve damage. 
This risk may be augmented with certain life-
style, occupational, or recreational risk factors 
including repetitive motions (keyboard typing, 
cycling, pitching, etc.) that may provoke or exac-
erbate existing injury.

In most cases, a definitive diagnosis can be 
made on the basis of classical patient history and 
clinical exam findings. Patients typically experi-
ence a gradual onset of symptoms in the third tri-
mester of pregnancy that parallels the progressive 
fluid retention, focal or generalized edema, and 
increased abdominal girth accompanying the 
growing fetus [34–36]. Indeed, pregnancy is one 
of the strongest risk factors for the development 
of entrapment neuropathies, most commonly 
CTS [8]. On physical exam, patients often dem-
onstrate a positive Tinel’s sign at the location of 
entrapment. Symptoms typically spontaneously 
resolve after delivery, and complete recovery 
generally occurs over the course of days to 
months postpartum [25].

 Radiculopathy

Key in the diagnostic evaluation of suspected 
compressive neuropathy is localization of the 
site of compression. The presence of neck (or 
back) pain deficits that extend across the territo-
ries of multiple peripheral nerves, or paraspinal 
involvement on electrodiagnostics should raise 
suspicion of a more proximal etiology of symp-
toms. It is important to consider as part of the 
differential diagnosis, lesions located more 

proximally or distally along the course of the 
nerve (e.g., clinical presentation with foot drop 
may be secondary to injury of the L5 nerve root, 
lumbar plexus, sciatic nerve, common peroneal 
nerve, deep peroneal nerve, or even more dis-
tally with neuromuscular pathology). At the 
most proximal level is a radiculopathy, which is 
caused by pathology at the level of the nerve root 
and often correlates with a visible mass lesion on 
MRI [4]. Although there is some degree of clini-
cal overlap with peripheral neuropathies, the dis-
tribution of sensory, motor, and reflex 
abnormalities occurs in a dermatomal distribu-
tion. Patients classically complain of neck or 
back pain with characteristic radiating pain or 
paresthesias in a dermatomal distribution, often 
reproduced with specific physical exam maneu-
vers [37]. Electrodiagnostics reveal hallmark 
involvement of paravertebral muscles with nor-
mal sensory studies, as the site of compression is 
proximal to the DRG [4].

 Systemic/Inflammatory Neuropathies

Peripheral neuropathy may also be secondary to 
inflammatory or autoimmune-mediated pro-
cesses that may be hereditary or acquired. 
Systemic inflammation and metabolic derange-
ments generally tend to cause diffuse, multifocal 
lesions that do not follow the distribution of a 
peripheral nerve. Autoimmune or inflammatory 
neuropathies, such as Parsonage-Turner syn-
drome and idiopathic lumbosacral plexopathy, 
may occur suddenly but in a delayed fashion after 
a triggering event such as parturition [4]. 
Neurological deficits typically occur after a pro-
drome of pain. Peripheral neuropathy is also a 
characteristic feature of many systemic inflam-
matory and vasculitis-related syndromes (sys-
temic lupus erythematosus (SLE), rheumatoid 
arthritis (RA), polyarteritis nodosa, Churg- 
Strauss, other connective tissue disorders) and 
may also occur as a complication of infection 
(Guillain-Barré syndrome (GBS) and its chronic 
form chronic inflammatory demyelinating poly-
neuropathy (CIDP), Lyme disease and other tick- 
borne illnesses, HIV/AIDS).
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 Management Principles

Operative intervention, either with a decompres-
sive procedure or direct nerve repair, has signifi-
cant potential to restore lost function if performed 
in the appropriate setting and time frame. There 
are several well accepted principles that may 
function to guide indications for and timing of 
repair to optimize nerve healing and ultimate 
regenerative outcomes. Fundamental in this 
decision- making process is distinguishing 
between lesions that may be expected to indepen-
dently recover over time and those that would 
require surgical intervention to preserve or 
restore function.

 Acute Setting

Acute operative intervention may be performed 
in select instances of acute, severe nerve injury 
that would otherwise result in permanent disabil-
ity. Sharp nerve transection should be repaired 
within 72 h, if possible, to enable repair prior to 
the nerve ends retracting too far apart to permit 
end-to-end repair. Demyelinating lesions and 
those with axonal damage but without severe 
structural derangement have potential for recov-
ery if the injurious stimulus is removed. This 
principle underlies the role of decompression or 
surgical release of stenotic sites that may other-
wise cause ongoing compression and continued 
nerve injury that may eventually lead to perma-
nent deficits. Emergent operative intervention 
should be considered in patients with severe focal 
neurologic deficits or rapid progression of symp-
toms concerning for expanding mass lesion 
(hematoma, AV fistula, pseudoaneurysm) or 
other compressive pathology (herniated disc) 
[15, 37]. Decompressive procedures may safely 
be performed during pregnancy to relieve nerve 
or spinal cord compression [38].

 0–3 Months

For nerve injuries caused by blunt trauma, stretch, 
or compression, the extent of total injury is rarely 
initially evident and is often unpredictable. In 

these cases, acute repair is not indicated. Even for 
those that will ultimately require surgical inter-
vention for functional recovery, it is imperative 
that intervention be delayed in order to allow the 
development of scar tissue in the damaged seg-
ments; this allows delineation of damaged areas 
that should be excised prior to re-approximation 
of healthy tissue. Premature surgical intervention 
may result either in failure due to anastomosis of 
damaged ends or in unnecessary resection of tis-
sue that would have otherwise recovered.

Instead, lesions are observed over a period of 
3 months and monitored for evidence of sponta-
neous recovery. As symptoms are generally 
caused by transient forces applied during labor 
and delivery or due to physiologic changes of 
pregnancy that are expected to resolve postpar-
tum, there is rarely the need for acute interven-
tion. Most result in mild demyelinating injury 
and are expected to fully recover in the weeks to 
months postpartum. Management typically is 
with supportive therapy aimed at symptomatic 
relief during the recovery period. Progressive 
resumption of normal activities and physical 
therapy, avoiding aggravating activities, and the 
use of splints to limit the risk of contractures and 
falls may all be appropriate treatment options. 
Peripheral neuropathy associated pain has been 
shown to respond well to topical lidocaine 
patches [10]. Intractable pain may also be man-
aged with nerve blocks, which may provide diag-
nostic confirmation and therapeutic relief 
[39–41]. Systemic pharmacologic options may 
be considered if other, more conservative, pain 
management strategies fail to provide adequate 
relief. However, possible teratogenic or other 
adverse effects of medications traditionally used 
to treat neuropathic pain in non-pregnant patients 
must be addressed when considering pharmaco-
logic management options.

 3 Months

Following a period of observation, peripheral 
nerve function can be assessed with electrodiag-
nostic studies to evaluate for electrical evidence 
of recovery, which often precedes the ability for 
voluntary contraction. If no recovery, surgical 
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intervention should be considered. Surgical 
exploration with intra-operative electrodiagnos-
tic evaluation of nerve action potential (NAP) 
recordings can more definitively indicate whether 
or not nerve regeneration is occurring. If per-
formed at least 3 months after initial injury, NAP 
would be expected to be present to some degree 
and would be indicative of active regeneration 
that would be expected to lead to meaningful 
recovery. An absence of NAP when stimulating a 
presumed neuroma-in-continuity may prompt 
surgical excision of the non-conducting area and 
graft procedure.

 Syndromes

 Carpal Tunnel Syndrome

Carpal tunnel syndrome (CTS) is an entrapment 
neuropathy of the median nerve at the wrist that 
is classically associated with pregnancy. Similar 
to idiopathic CTS, the pain and paresthesias in 
the wrist and hand are classically worse at night 
[34, 42, 43] and may be reproduced clinically 
with sustained wrist flexion (Phalen’s maneuver) 
[42] or by tapping the wrist over the carpal tun-
nel (Tinel’s sign) [8]. In pregnant patients, symp-
toms are more often bilateral and onset in the 
later months of pregnancy in association with 
generalized edema or localized swelling of the 
hands or fingers [34–36]. Most patients experi-
ence spontaneous resolution of symptoms from 
both a clinical and neurophysiological stand-
point in the immediate postpartum period [44–
46], in some cases paralleling postpartum weight 
loss [45]. Splinting of the wrist, particularly at 
night, to limit hyperflexion leads to symptomatic 
improvement in most patients after 1–2 weeks of 
use [34, 36, 47]. Local injections of 1% lido-
caine mixed with dexamethasone have been 
shown to reduce pain and significantly improve 
electrophysiological parameters in pregnant 
patients with persistent CTS [48]. Surgical inter-
vention is typically reserved for patients with 
severe sensory loss or prolonged motor latencies 
on electrodiagnostic testing. Carpal tunnel 

release, performed by sectioning the transverse 
carpal ligament, can be safely done during preg-
nancy under local anesthesia with excellent, 
long-lasting results [34, 43].

 Radial Neuropathy

Radial neuropathy presents with pain or pares-
thesias in the forearm or hand and impaired wrist 
and finger extension manifesting with a classical 
“wrist drop.” Uncommonly injured during preg-
nancy, there have been reports of postpartum 
radial neuropathy attributed to inappropriate arm 
positioning with use of a birthing bar during 
labor [49].

 Parsonage-Turner Syndrome

Parsonage-Turner syndrome (PTS), also known 
as idiopathic neuralgic amyotrophy, is a relatively 
uncommon cause of brachial plexopathy that may 
occur in association with pregnancy. PTS classi-
cally presents as pain, usually in the neck, shoul-
der, or arm, followed by patchy motor weakness, 
often involving the suprascapular nerve. 
Parsonage-Turner syndrome tends to occur in 
association with physiologic stressors (exercise, 
surgery, injury, vaccination), though often in a 
delayed fashion, in contrast to traumatic brachial 
plexus injuries, which tend to require a more sig-
nificant force and tend to present in the immediate 
postpartum period [50]. Further differentiating 
PTS from neuropathies caused by pressure inju-
ries or compressive lesions is a patchy distribution 
of symptoms throughout the brachial plexus, 
involvement of the phrenic or cranial nerves, and 
lack of chronic sensory changes. Recovery from 
PTS is variable, though typically occurs within 
8–12 months; however, some patients are left with 
persistent symptoms. Patients with persistent 
symptoms at 3  months should undergo nerve 
imaging with some combination of ultrasound 
and/or MR neurography to screen for hourglass 
constrictions, which represent a neve entrapment 
potentially treatable with surgery.
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 Hereditary Brachial Plexus 
Neuropathy (HBPN)

Hereditary brachial plexus neuropathy (HBPN) 
is characterized by recurrent episodes of debili-
tating pain, multifocal weakness, atrophy, and 
abnormal sensation in the upper extremities [51]. 
The exact pathogenesis is unknown, but symp-
toms are thought to be secondary to inflammation 
that may be immune-mediated. Symptoms often 
follow an antecedent event, including infection, 
exercise, surgery, and pregnancy; recurrent 
attacks often occur during the postpartum period 
[13, 51]. Considered to be the hereditary variant 
of PTS, HBPN tends to present at an earlier age, 
tends to recur, and patients have an overall more 
severe disease course with poorer functional out-
comes compared to PTS [52]. A family history 
and minor dysmorphic features such as hypo-
telorism, epicanthic folds, and a short stature are 
more consistent with HBPN [51]. Steroid treat-
ment, with or without immunoglobulin, may pro-
vide symptomatic relief and prevent anticipated 
attacks in the setting of surgery or parturition [13, 
51, 52]. However, recovery is often incomplete 
and most patients have some degree of perma-
nent deficits [52].

 Idiopathic Lumbosacral Plexopathy

The lumbosacral plexus originates from nerve 
roots L4 to S5 and provides motor function and 
sensation to the lower extremities as well as 
innervation of sphincter function allowing con-
trol of the bowels and bladder [53, 54]. 
Lumbosacral plexopathy during pregnancy may 
be related to progressive compression of plexal 
elements by an enlarging uterus [55]. Patients 
tend to present in later stages of pregnancy with 
slowly progressive symptoms [56]. Lumbosacral 
plexopathy should be suspected in the setting of 
deficits involving the territories of multiple 
peripheral nerves derived from the lumbar (obtu-
rator, femoral, etc.) or lumbosacral (sciatic, pero-
neal, tibial, superior and inferior gluteal nerves) 
plexus [4, 37]. EMG may show evidence of 
denervation that involves multiple peripheral 

nerve territories without paraspinal muscle 
involvement [56]. Urodynamic investigations 
may be performed in the setting of urinary symp-
toms [54]. MRI may be obtained to rule out 
underlying sources of compression such as a her-
niated disc or space-occupying mass lesion [54, 
56]. In cases of idiopathic lumbosacral plexopa-
thy, a clear causative etiology is never found [4, 
56]. Nevertheless, the prognosis is generally 
good, with most patients experiencing resolution 
of symptoms with conservative management; 
symptoms have been reported to recur in subse-
quent pregnancies, with a similar spontaneous 
resolution [56].

 Traumatic Lumbosacral Plexopathy

Lumbosacral plexopathy has been reported as a 
rare complication of delivery, usually secondary 
to the use of forceps [16, 57, 58]. Patients classi-
cally present with persistent perineal hypoesthe-
sia and motor deficits, with or without urinary, 
anorectal, or sexual dysfunction, usually follow-
ing vaginal delivery [54, 58]. Traumatic lumbo-
sacral plexopathy may also result from direct 
compression by the fetal head as it descends 
through the pelvis; classically, this occurs in 
women of shorter stature with larger fetuses, pro-
longed labor, fetal malpresentation, and instru-
mented deliveries [27, 57, 58].

 Lateral Femoral Cutaneous 
Neuropathy

Neuropathy of the lateral femoral cutaneous 
nerve (LFCN) of the thigh, also known as meral-
gia paresthetica (MP), is the most commonly 
diagnosed lower extremity neuropathy in the 
obstetric population [59]. MP is a focal sensory 
neuropathy characterized by numbness, tingling, 
burning discomfort, or pain over the anterolateral 
upper leg that may be exacerbated by ambulation 
or hip flexion or extension [2]; motor deficits and 
reflex changes are notably absent. Classically, the 
LFCN is compressed externally by belts or tight 
clothing as it travels down the lateral aspect of 
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the thigh [39]. Surgical and cadaveric studies of 
the LFCN have established a high degree of ana-
tomic variability and lead to the identification of 
several patterns that may be predisposed to 
entrapment neuropathy [39, 60, 61]. In later 
stages of pregnancy, the exaggerated lumbar lor-
dosis that accompanies the growing abdomen 
may impact the angle between the LFCN and 
inguinal ligament, leading to nerve stretching [3]. 
Injury at this level may occur with prolonged 
pushing in positions with exaggerated thigh flex-
ion during delivery [2]. Management primarily 
focuses on postpartum weight loss, avoiding 
aggravating positions and eliminating tight- 
fitting clothing or belts. MP is generally self- 
limited and conservative therapy is successful in 
managing over 90% of patients [40]. For those 
with refractory symptoms, surgical intervention 
can be considered, which may involve proce-
dures such as neurolysis and/or transposition. 
Nerve transection may be indicated when decom-
pression is ineffective [39, 40, 61]. 
Neuromodulation, including spinal cord stimula-
tion, dorsal root ganglion stimulation, or periph-
eral nerve stimulation may also be considered 
salvage treatment options for medically and sur-
gically refractory pain.

 Femoral Neuropathy

The femoral nerve is the second most common 
site of lower extremity neuropathy, accounting 
for 35% of all cases [3]. Femoral neuropathy is 
more common after vaginal delivery and pro-
longed lithotomy positioning [10, 62–66]. 
Excessive positioning-related hip abduction and 
external rotation is postulated to cause nerve 
stretching and compression at the level of the 
inguinal ligament leading to nerve ischemia [64]. 
Compression from retroperitoneal hemorrhage 
and intrapelvic pathology are other rare causes of 
postpartum femoral neuropathy [37, 67]. Patients 
classically present with proximal lower extremity 
weakness manifesting as difficulty standing from 
seated position or walking upstairs and may com-
plain of leg “buckling” and falls [65, 68]. Physical 
exam may reveal hypoesthesia of the anterome-

dial thigh and lower leg and diminished patellar 
reflexes; a positive Tinel sign over the inguinal 
ligament may be present [10]. Compression at 
the level of the inguinal ligament will produce 
isolated weakness of knee extension as motor 
branches to the psoas and iliacus muscles exit 
proximally, sparing hip flexion [68]. More com-
monly, weakness involves both hip flexion and 
knee extension due to nerve compression proxi-
mal to the inguinal ligament [69]. In either case, 
strength of hip abduction and adduction should 
remain normal; deficits in these groups may indi-
cate a more proximal origin of injury [37]. 
Similarly, EMG may show abnormalities in the 
saphenous nerve and femoral nerve-innervated 
muscle(s), notably without abnormality in the 
tibialis anterior or other L4-innervated muscles. 
Management of most cases is conservative, with 
spontaneous recovery occurring over the subse-
quent days to weeks [3, 63, 65, 68]. A knee brace 
may be used to keep the leg extended and provide 
support during ambulation [66]. If nerve imaging 
reveals femoral nerve compression at the ingui-
nal ligament in the setting of persistent symp-
toms, then nerve decompression is appropriate.

 Peroneal Neuropathy

The common peroneal (fibular) nerve provides 
sensation to the lateral lower leg and foot and 
motor innervation of dorsiflexion and eversion 
and is particularly vulnerable to positioning- 
related injury due to its relatively superficial 
location near the lateral fibular head. Patients 
classically present with a characteristic “foot 
drop” secondary to dorsiflexion weakness [10, 
28, 29, 70]. Physical exam may reveal a positive 
Tinel sign over the lateral fibular head [10]. 
Weakness should not involve foot inversion or 
plantarflexion, functions innervated by the tibial 
nerve, and ankle reflexes should be intact; dys-
function indicates a more proximal lesion [37]. 
EMG may show conduction slowing or reduced 
amplitudes at the level of the fibular head or lat-
eral leg; abnormalities should be absent in the 
posterior tibialis, gluteus medius, and other 
L5-innervated muscles [4, 28]. In the obstetric 
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patient, peroneal neuropathy has been associated 
with prolonged periods of time spent in the lithot-
omy position [53]. Injury may also result from 
sustained pressure on the lateral knees or poste-
rior distal thigh by the hands of parturients or 
others assisting with delivery; ecchymosis of the 
lateral knee may provide evidence of the site of 
compression [28, 70, 71]. The nerve may also be 
compressed between the biceps femoris tendon 
and lateral head of the gastrocnemius muscle or 
fibular head by the weight of the body during 
labor in the squatting position; these patients 
commonly develop a bilateral palsy [28, 72, 73]. 
If nerve imaging reveals peroneal nerve compres-
sion at the fibular head (or elsewhere) in the set-
ting of persistent symptoms, then nerve 
decompression is appropriate.

 Obturator Neuropathy

Obturator neuropathy is a rare complication of 
pregnancy, accounting for <5% of postpartum 
lower extremity injuries [3]. It is more common 
in the setting of instrumented (forceps-assisted) 
deliveries [41, 74] or after cesarean section [22, 
75, 76]. Rarely, the obturator nerve may be com-
pressed by a hematoma or infection that develops 
during parturition or as a complication of a 
pudendal nerve block [3, 37]. Patients commonly 
present with pain or dysesthesias over the medial 
thigh and groin area; frank weakness of adduc-
tion is not commonly seen due to the redundant 
motor supply of thigh adductors. A diagnosis of 
obturator neuropathy is primarily clinical [26]; 
obturator nerve block may provide diagnostic 
confirmation and therapeutic relief [41]. If nerve 
imaging reveals peroneal nerve compression at 
the obturator foramen in the setting of persistent 
symptoms, then nerve decompression is 
appropriate.

 Bell’s Palsy

Bell’s palsy is an inflammatory neuropathy of the 
facial nerve (cranial nerve VII) that may be more 
common in pregnant patients in the later stages of 

pregnancy [77–80]. Physiologic changes that 
become more pronounced in the third trimester 
like relative immunosuppression, hypercoagula-
bility, and fluctuating hormone levels causing 
fluid retention and soft tissue edema can lead to 
ischemia or compression of the facial nerve 
through similar mechanisms proposed for 
pregnancy- related CTS [9, 81]. Chronic or gesta-
tional hypertension and obesity have also been 
identified as significant independent risk factors 
[9]. Management is with supportive therapy and 
corticosteroids to reduce inflammation, and most 
patients experience significant improvement over 
the course of weeks to months [82, 83]. Patients 
with incomplete paralysis generally have a good 
prognosis and are expected to achieve full recov-
ery of facial nerve function [82]. However, some 
studies have found that pregnant patients are 
more likely to progress to complete facial paraly-
sis [77]. Outcomes for these patients have been 
reported to be significantly worse than in the gen-
eral population, including age matched controls 
and non-pregnant women [77, 84]. Recurrence in 
a subsequent pregnancy has been proposed as an 
unfavorable overall prognostic indicator, as is the 
development of bilateral disease [81]. Facial 
nerve reconstruction may be appropriate for 
patients with persistent facial paralysis.

 Inflammatory Demyelinating 
Polyneuropathies

Guillain-Barré syndrome (GBS) is a severe, 
inflammatory autoimmune neuropathy character-
ized by acute onset of rapidly progressive, 
ascending paralysis [85]. In pregnancy, GBS is 
disproportionately more likely to occur in the 
second or third trimesters and immediate post-
partum period [86]. Close observation of these 
patients for clinical deterioration and respiratory 
distress is imperative due to normal respiratory 
changes seen in pregnancy such as increased tidal 
volume and decreased residual volume; among 
pregnant patients with GBS, up to 35% require 
ICU admission for ventilatory support and mater-
nal mortality has been reported up to 10% [85]. 
Also important in pregnant patients, particularly 
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in the setting of parturition is the potential to 
develop autonomic dysfunction, which may man-
ifest as flushing or diaphoresis, urinary retention, 
ileus, blood pressure changes, or arrhythmias, 
which may be fatal. Termination of pregnancy 
does not shorten disease duration or improve 
maternal outcomes [86]. Optimal treatment for 
all patients is with plasma exchange [87] or intra-
venous immune globulin (IVIG) initiated within 
the first 2  weeks of symptom onset [88, 89]. 
Persistence of symptoms of GBS after 8 weeks 
necessitates a diagnosis of chronic inflammatory 
demyelinating polyneuropathy (CIDP). Patients 
with CIDP tend to be older, and as such, CIDP is 
relatively rare in the obstetric population. Relapse 
in patients with recurrent CIPD has been tied to 
pregnancy, and worsening of existing symptoms 
has been noted to occur, particularly in the third 
trimester and postpartum periods [90].

Multifocal motor neuropathy (MMN) is 
another chronic immune-mediated neuropathy 
characterized by asymmetric, weakness primar-
ily of the distal upper more than lower limbs, that 
is a classic mimic of amyotrophic lateral sclero-
sis (ALS). In pregnancy, weakness of affected 
muscles may worsen and new muscles may 
become involved. Treatment is with IVIG, and 
patients generally experience full recovery [91]. 
In-depth discussion of GBS in pregnancy is pro-
vided in Chap. 22.

 Isaac’s Syndrome

Isaac’s syndrome is a disorder of peripheral nerve 
hyper-excitability caused by dysfunction of 
voltage- gated potassium channels (VGKC). It 
may either be hereditary or more commonly, 
acquired, usually in association with infection or 
inflammation, autoimmune disorders, or malig-
nancy [92, 93]. Patients experience muscle 
cramping and stiffness, pseudomyotonia (delayed 
muscle relaxation), and myokymia (muscle 
twitching at rest). EMG classically shows myo-
kymic and neuromyotonic discharges, fascicula-
tions, and fibrillation potentials [92]. The clinical 
course for Isaac’s syndrome in pregnancy tends 
to be benign; however, symptom management 

may be complicated by the teratogenicity of stan-
dard pharmacologic therapy with anticonvulsants 
(carbamazepine, phenytoin). Plasma exchange 
may be considered in refractory cases [94].

 Charcot-Marie-Tooth Disease

Charcot-Marie-Tooth (CMT) disease, the most 
common inherited neuropathy, encompasses a 
heterogeneous group of disorders caused by 
genetic mutations leading to defective peripheral 
nerve myelination. Patients present in the first 
two decades of life with slowly progressive, sym-
metric weakness, numbness, and classical foot 
deformities. Symptom exacerbation is relatively 
common during pregnancy, occurring in up to 
50% of women with clinically significant CMT 
and nearly all have a recurrence in subsequent 
pregnancies [95]. Furthermore, these patients 
tend to experience a more prolonged course of 
disease and are at greater risk of sustaining per-
manent neurologic damage [95, 96]. Pregnant 
women with CMT may also be more likely to 
require operative deliveries (cesarean, forceps/
vacuum assist). In one such study, women with 
CMT had nearly twice the risk of fetal malpre-
sentation, emergent operative delivery, and post-
partum bleeding [97].

 Hereditary Neuropathy with Liability 
to Pressure Palsies (HNPP)

Hereditary neuropathy with liability to pressure 
palsies (HNPP) is a rare autosomal dominant dis-
order caused by a deletion in the PMP22 gene 
that diffusely reduces the stability of peripheral 
nerve myelin, predisposing nerve to breakdown 
with minor applied pressure. Beginning in early 
adulthood, patients develop recurrent episodes of 
focal, painless sensorimotor pressure-induced 
mononeuropathies at common entrapment sites 
(median nerve at the carpal tunnel, ulnar nerve at 
the elbow, peroneal nerve at the fibular head) or 
after minor trauma or compression. 
Electrodiagnostic evaluation shows conduction 
block and changes consistent with  demyelination, 
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which are notably present even in clinically unaf-
fected nerves [98]. There have been case reports 
of pregnancy-related neuropathy exacerbations 
in women with HNPP [12, 99].

 Conclusion

Peripheral neuropathies that occur in the setting 
of pregnancy present a unique set of challenges 
to the clinician. Pregnant patients may have an 
increased risk of developing certain peripheral 
neuropathies and may experience a different clin-
ical course of disease as compared to the general 
population. Distinction between acute nerve 
injury and subacute neuropathy has significant 
implications for management, particularly in this 
patient population. To appropriately care for 
these patients, considerations must be made 
regarding pregnancy-specific risk factors and 
modifiers of disease as well as implications of the 
disease course, workup, and treatment for the 
pregnancy.
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 Introduction

Obstetrical nerve injuries can occur at any point 
during the birth process. The presence of intra- 
uterine structural abnormalities may be associ-
ated with the development of peripheral nerve 
palsies due to ongoing compression, usually 
occurring in the later stages of pregnancy. 
Parturition involves fetal movement through a 
variety of positions within a confined space prior 
to expulsion from the birth canal. Birth trauma 
may cause neonatal nerve palsies, examples of 
which include forced extreme limb positions that 
occur during the birth process and focally applied 
pressures during assisted delivery (forceps, vac-
uum). Skeletal fractures and hematomas that 
result from the birth process can also injure 
peripheral nerves [1]. Mild nerve injury typically 
results from plexus contusion and reversible 
damage [2]. The actual mechanisms of injury 
variably include some combination of stretch 
and/or compression and often involve both.

An increased risk of obstetric palsy is present 
in situations of mismatch between fetal size and 
abdominopelvic parameters that cause fetal nerve 
injury directly or indirectly by necessitating the 
application of tractional or compressive forces to 
facilitate delivery. However, only half of the 

cases of traumatic nerve palsy can be associated 
with known risk factors [3]. Factors related to the 
fetus that predispose to nerve injury include mac-
rosomia [4], shoulder dystocia, and breech pre-
sentation [5, 6]. The presence of shoulder 
dystocia, in which the mother’s pubic symphysis 
physically blocks delivery of the fetus’s upper 
shoulder, may result in an increase in the trac-
tional forces applied to the fetal head, exacerbat-
ing stretching of the ipsilateral brachial plexus 
[5]. Maternal factors that predispose to nerve 
injury include obesity, gestational diabetes [7], 
and a prolonged second stage of labor [5, 6, 8]. 
Treatment of gestational diabetes has been shown 
to reduce the risk of fetal macrosomia and serious 
perinatal outcomes, including shoulder dystocia 
and nerve palsy [7]. Although there is a higher 
incidence of birth palsy with vaginal delivery, a 
cesarean section does not eliminate this risk [3].

The most frequently diagnosed childbirth- 
related traumatic nerve palsy in neonates is a 
traction injury of the brachial plexus, usually 
involving the upper trunk. Transient cranial nerve 
palsies may also be seen, usually in association 
with forceps deliveries [9]. The majority of pal-
sies are transient and spontaneously resolve in 
the first few weeks to months of life and are 
therefore typically managed conservatively [9]. 
Operative intervention may be indicated in cases 
without improvement in the first few months and 
generally involves nerve grafts or transfers [1]. 
Tendon transfers, osteotomies, and other ortho-
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pedic procedures may be performed to address 
functional deficits, deformities, or fixed contrac-
tures [2]. Surgical reconstruction is ultimately 
performed in ~10 to 20% of cases in order to pre-
vent development of permanent weakness or 
deformity [6].

 Patient Evaluation

A thorough and efficient clinical exam is impera-
tive in the neonatal population, given the limited 
patient history. In most cases of neonatal periph-
eral nerve palsy, the diagnosis is clinical. 
Additional imaging studies such as X-ray, ultra-
sound, CT, or MRI may be ordered in more com-
plicated cases to evaluate for confounding factors 
or underlying pathology like fractures [2, 9].

Patients with traumatic peripheral nerve palsy 
tend to present at birth with loss of motor func-
tion in the affected nerve territory, for example, a 
flaccid upper extremity in patients with brachial 
plexus palsies [2]. The resting posture of the 
affected limb can help localize the injury and dif-
ferentiate between palsies of the brachial plexus 
and upper extremity peripheral nerves. In upper 
plexus injuries (Erb’s palsy), the arm is held in 
the classical “waiter’s tip” position with the 
shoulder adducted and internally rotated, elbow 
extended, forearm pronated, and wrist and fin-
gers in sustained flexion. This is in contrast to 
lower trunk palsies, in which the arm is supi-
nated, elbow is flexed, and the wrist extended [9]. 
Additional damage at the C7 level leads to 
impairment of finger extension and a resting limb 
position with continuous finger flexion. Severe 
avulsion injuries involving the entire plexus (C5- 
T1) manifest with complete loss of upper extrem-
ity motor activity, termed a “flail arm” [1].

Asymmetric thoracic and abdominal expan-
sion with breathing may be suggestive of a unilat-
eral phrenic nerve palsy; this may occur in 
association with an upper plexus injury [1]. A 
winged scapula suggests long thoracic nerve 
injury, which is derived from C5–7 nerve roots 
[1]. The presence of a Horner’s syndrome (ptosis, 
miosis, anhidrosis) indicates injury at the T1 
level involving the sympathetic fibers [1, 2].

 Diagnoses

 Obstetric Brachial Plexus Palsy 
(OBPP)

Obstetric brachial plexus palsy (OBPP) is the 
most common congenital nerve palsy, estimated 
to affect 0.35 to 5 infants per 1000 live births [6]. 
Plexus injuries often result from an application of 
tractional forces to the fetal head leading to 
forced lateral cervical extension during delivery. 
Traumatic brachial plexus injuries are classically 
differentiated by the levels involved. Most com-
monly observed are upper trunk palsies (Erb’s 
type) involving the fifth and sixth cervical nerve 
roots. Isolated lower trunk palsies (Klumpke’s 
type) that involve the eighth cervical and first 
thoracic nerve roots are uncommonly associated 
with birth trauma; involvement of these levels is 
more often seen with mixed or total palsies that 
affect the entire plexus [2].

First descried by Erb and Duchenne, injury to 
the upper brachial plexus results in paresis of the 
supraspinatus, infraspinatus, deltoid, biceps, bra-
chialis, and brachioradialis muscles. Injury is 
usually unilateral [10] and the affected limb dem-
onstrates a classical resting position with the 
shoulder adducted and internally rotated, elbow 
extended, forearm pronated, and wrist and fin-
gers flexed [9]. Erb’s palsy is more common in 
larger fetuses and has been shown to be more fre-
quently preceded by abnormal labor [10]. Across 
multiple studies, birth trauma or the presence of 
shoulder dystocia is noted in approximately half 
of cases of brachial plexus injury [4, 11, 12]. 
Initially thought to necessarily be a consequence 
of shoulder dystocia, a more recent review and 
understanding of neonatal Erb’s palsy has 
revealed that a significant portion of neonatal 
Erb’s palsy diagnoses occur in the absence of 
shoulder dystocia. The underlying mechanics 
and severity of injury between these two clinical 
situations appear to differ, reflected in the ten-
dency for non-dystocia associated injuries to 
occur in the posterior, rather than anterior arm 
[13]. Furthermore, of infants who do develop 
Erb’s palsy, the disease is deemed moderate to 
severe in 51% of those with shoulder dystocia 
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and only 18% of those without documented labor 
problems [10].

Of note, regardless of mechanism, the vast 
majority of infants with OBPP make a full spon-
taneous recovery by age 1  year [14], with an 
average time to resolution of 4.5  months [2]. 
Although most cases are transient, some degree 
of residual deficits may be present in up to 
20–30% of cases [5]. Persistent OBPP, defined as 
symptoms remaining after 12 months, is rare and 
estimated to occur in only 1.1–2.2 per 10,000 
births [15].

 Radial Nerve

Transient neonatal radial nerve palsy is an uncom-
mon complication of childbirth, estimated to occur 
in 0.1%–4.0% of live births [9]. Infants exhibit 
wrist drop due to an inability to extend the wrist 
and fingers; external rotation and elbow flexion 
remain intact, distinguishing this condition from 
the more common brachial plexus palsy [16]. In 
most cases, a firm nodule can be found on the infe-
rior posterolateral arm; this is thought to represent 
fat necrosis caused by sustained pressure exerted 
on the arm during prolonged labor. Symptoms 
resulting from birth trauma are usually unilateral; 
bilateral palsies have been reported and are more 
likely secondary to intra-uterine compression or 
abnormal arm positioning [9, 16]. Differential 
diagnosis should also consider other causes of 
decreased arm movement including intracranial 
disease, shoulder dislocation, clavicle or humerus 
fracture, Caffey’s disease, and infection or septic 
arthritis of the shoulder [1, 16]. Management is 
supportive and may be aided by physiotherapy, 
orthoses, and taping [16]. Full recovery is most 
often seen in the first 2 months and should be 
expected by 6  months of age [17]. Diagnostic 
nerve imaging and surgical exploration for radial 
nerve decompression and/or repair are indicated 
when spontaneous recovery does not occur.

 Phrenic Nerve

Neonatal phrenic nerve palsy may result from 
excessive cervical extension during childbirth 

and often occurs in the setting of upper brachial 
plexus injury [18]. More commonly observed on 
the right side, approximately 75% of cases are 
associated with an Erb’s palsy [19]. Innervated 
by cervical roots C3–5, the phrenic nerve is the 
only motor supply of the diaphragm and injury 
results in diaphragmatic paralysis. Presentation is 
typically shortly after birth with profound dys-
pnea, irregular respirations, and cyanosis. Infants 
exhibit asymmetric chest expansion with respira-
tion, and imaging may reveal unilateral diaphrag-
matic elevation [19, 20]. Bilateral paralysis 
results in respiratory insufficiency and failure 
that often requires prolonged mechanical ventila-
tion [19]. Initial management is with expectant 
management and ventilatory support, as a minor-
ity may recover spontaneously [21]. Operative 
management should be considered in infants who 
cannot be weaned from the ventilator after 1 
month, or earlier if there is clinical decompensa-
tion [19]. Definitive treatment is with surgical 
plication, ideally performed before 45  days of 
life [18].

 Recurrent Laryngeal Nerve

Congenital vocal cord paralysis is an uncommon 
nerve palsy in the neonatal population that may 
present with noisy breathing, stridor, and cyano-
sis. Palsy may be secondary to birth trauma, 
which usually results in unilateral disease that 
spontaneously recovers over the first few months 
of life. CNS disorders such as Chiari malforma-
tion or other congenital syndromes may cause 
bilateral paralysis that is frequently permanent, 
often necessitating tracheostomy [22].

 Cranial Nerves

Cranial nerve palsies secondary to birth trauma 
are rare, but documented complications of labor. 
Most commonly involved is the facial nerve 
 (cranial nerve VII), usually occurring in the set-
ting of forceps-assisted delivery [12, 23, 24]. 
Instrumented deliveries are also associated with 
neonatal abducens (cranial nerve VI) palsies [25]. 
These injuries are usually unilateral and may be 
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associated with evidence of trauma such as facial 
swelling or ecchymosis [9]. Infants exhibit fea-
tures including facial asymmetry, incomplete 
closure of the ipsilateral eye, and difficulty with 
feeding. When caused by birth trauma, spontane-
ous recovery is expected to occur in the first 
2 months of life [12, 23, 24]. These cases must be 
differentiated from the less common, palsies that 
are manifestations of an underlying congenital 
disorder; these tend to cause bilateral symptoms, 
are often associated with other anomalies, and 
have a worse prognosis for recovery [26]. Among 
these is Moebius syndrome, a rare congenital dis-
ease characterized by unilateral or bilateral facial 
and abducens nerve palsies. In addition to oculo-
motor dysfunction and facial weakness, infants 
may exhibit other cranial nerve palsies, craniofa-
cial malformations, and limb defects [27].

 Management Principles

 Nonoperative Management

Initial management of neonatal peripheral nerve 
injury is predominantly conservative. Early 
mobilization of affected limbs with passive range 
of motion exercises should be initiated in the first 
few weeks of life [2]. Key in the rehabilitation 
process is frequent mobilization to prevent the 
formation of contractures that will restrict motion 
and joint mobility [5]. With more severe injuries, 
absent innervation of distal muscles results in 
deformities and contractures [28]. The use of 
orthotic devices is not uncommon and may help 
to help maintain surgical correction and slow 
progression of deformity [2].

 Operative Management

Microsurgical repair is indicated for neonatal 
patients with persistent nerve palsy with limited 
spontaneous recovery. Key in management of 
patients with OBPP and other neonatal nerve pal-
sies is distinguishing the cases from those with 
similar deficits but potential for eventual recov-
ery. Unfortunately, prognostication in the first 

few months of life is particularly difficult, as 
physical exams are often unreliable. Current clin-
ical guidelines recommend close observation in 
the first few months of life, with re-evaluation 
after 3–6  months of age for determination of 
injury severity and need for surgical reconstruc-
tion [28–31]. In upper trunk lesions, persistent 
paralysis of the biceps after 3 months has been 
cited as a poor prognostic indicator for ultimate 
motor recovery, prompting many to advocate for 
early nerve reconstruction if severe disability 
remains by age 3  months [32]. Indeed, many 
studies support improved outcomes and overall 
function for these patients with early reconstruc-
tion [33–35]. Even in the setting of severe injury 
and nerve root avulsion, recovery of useful distal 
function occurs in most patients [35]. This poten-
tial benefit, however, must be weighed against 
the risks associated with performing an operative 
procedure, with inherent risk, in a child that may 
have otherwise independently recovered. In chil-
dren who will ultimately spontaneously recover 
biceps motor function, resultant motor outcomes 
have been shown to be relatively equivalent in 
children who recovered biceps motor function 
between age 3 and 6 months and those with evi-
dence of recovery prior to age 3 months [30]. In 
infants that may be expected to possibly recover 
spontaneously and in the absence of nerve root 
avulsion injury, some authors advocate a more 
delayed approach to operative intervention with 
consideration of surgery after 6  months of 
observation.

Prior to surgical intervention, imaging studies 
like CT-myelography and magnetic resonance 
imaging (MRI) may be obtained to better charac-
terize the underlying pathology, providing valu-
able information regarding the mechanism, 
location, and type of injury, structures involved, 
extent of damage, and presence of neuromas or 
scar formation, all of which have functional 
implications for operative management [31, 36]. 
Both can be used to distinguish pathologies like 
nerve root avulsions that may prompt differential 
management, although MRI studies avoid risks 
associated with radiation exposure.

Operative intervention is reserved for severe 
injuries in which spontaneous recovery of func-
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tion is thought to not be possible without surgical 
reconstruction. The type of procedure performed 
is largely based on surgeon preference and ana-
tomical feasibility. Nerve grafting can be used to 
functionally bypass an injured segment of nerve, 
usually with a short segment of autograft [37]. In 
addition to the potential for donor site morbidity 
(autograft is usually harvested from the sural 
nerve), an important limitation of this procedure 
is that it requires an intact nerve stump and there-
fore is impossible to perform in settings of nerve 
root avulsions [36]. Fascicles may also be re- 
routed from another nerve to restore motor func-
tion of select de-innervated muscles. In patients 
with upper plexus injury, some studies have 
shown that nerve transfer may lead slightly better 
functional outcomes than nerve grafting [38, 39].

Nerve reconstruction with nerve grafts or 
transfers may be performed for persistent OBPP 
to restore core motor functions of shoulder 
abduction and elbow flexion [36]. Restoration of 
shoulder abduction and external rotation after C5 
nerve root injury can be performed by procedures 
that target reinnervation of the suprascapular 
nerve and the supraspinatus or deltoid muscles 
[36]; functional results are better with earlier 
(prior to 3 months) reconstruction, but improve-
ment may be seen even with more delayed pallia-
tive procedures [34]. Recovery of elbow flexion 
after C6 nerve root injury can be achieved by pro-
cedures that target the musculocutaneous nerve 
or biceps muscle [36]. One such procedure, 
termed an Oberlin transfer, involves re-routing 
ulnar nerve fascicles to anastomose with the 
biceps nerve in order to regain elbow flexion 
[40]. Elbow flexion may also be restored by 
medial pectoral to musculocutaneous nerve 
transfer; however, this approach is limited in the 
neonatal population by the small size of the 
medial pectoral nerve [41].

In addition to reinnervation procedures, ten-
don transfers may be performed to restore motor 
function by transposition of tendon origins to a 
more proximal location [37, 42]. Overall, the 
treatment of OBPP is complex and involves a 
comprehensive, multidisciplinary team of pediat-
ric neurologists, neuroradiologists, neurosur-

geons, orthopedic surgeons, physiatrists, and 
physiotherapists. Even after surgical reconstruc-
tion, these patients require intensive physiother-
apy to optimize their outcomes. It is common for 
patients with these injuries to be referred to ter-
tiary care centers so that they may receive com-
prehensive care.

 Conclusions

Neonatal nerve palsy secondary to birth trauma is 
an uncommon neurologic complication of preg-
nancy and childbirth. There is a higher risk of 
such injury for large infants born to obese or dia-
betic mothers and with prolonged or instru-
mented deliveries and fetal malpresentation. 
Nevertheless, up to half of cases are not associ-
ated with documented risk factors. Luckily, the 
vast majority of cases are transient and exhibit 
spontaneous, rapid recovery. Observation for a 
period of 3–6  months, even in the setting of 
severe deficits, is the recommended initial 
approach due to the high rate of recovery seen in 
most patients. Operative intervention in the form 
of nerve grafts or transfers may be performed in 
select situations to restore lost function if sponta-
neous recovery is deemed unlikely. Physiotherapy, 
both before and after surgical reconstruction, 
remains crucial for the optimization of outcomes 
following OBPP and other neonatal nerve 
injuries.
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26Low Back Pain and Sciatica 
in Pregnancy

Ira Goldstein

 Epidemiology

The incidence of low back pain (LBP), pelvic 
girdle pain (PGP), or sciatica during pregnancy 
exceeds two-thirds of women [1–4]. In one study, 
80% of pregnant women experienced low back 
pain, but that number decreased to 40% in the 
postpartum period [5]. 75% of pregnant women 
take analgesics for their musculoskeletal pain 
during pregnancy, although 85% report not being 
offered medical assistance for this pain [4]. Pain 
carries implications beyond maternal discom-
fort—greater back and pelvic pain during the 
third trimester has been found to be associated 
with an increased incidence of delivery via cesar-
ean section, assisted delivery, and a longer dura-
tion of labor [6]. It should be concluded then that 
greater attention should be given to the identifica-
tion and treatment of maternal pain.

Back pain as well as the incidence of sick 
leave increases throughout the course of preg-
nancy. Of 566 women, 3 out of 4 reported back 
pain at 20 weeks, which increased to 9 out of 10 
at 32  weeks [7]. In another 200 women, most 
cases of back pain began between the fifth and 
seventh months of pregnancy [8]. Pain also inten-
sified later in pregnancy—it was moderate to 
severe in 1 of 3 at 20 weeks and in one half at 

32  weeks. Sick leave and physical disability 
increased with greater low back pain scores. The 
prevalence of sick leave has been reported as 
56% of employed pregnant women during the 
first 32 weeks of gestation, and inability to per-
form activities of daily living increased from 
58% to 78% over the course of pregnancy [9–11]. 
In addition, greater than 25% reported sick leave 
of greater than 20 days. The most common rea-
son for leave was low back pain.

In 45.5% of cases of low back pain the pain 
radiated to the lower extremities. Of these, one- 
third of patients had pain increased over the 
course of the day and one-third had pain which 
increased at night and woke them from sleep. 
Pain was generally exacerbated by standing, sit-
ting, forward bending, lifting, and walking [8].

Additional factors have been found to influ-
ence the reporting of back pain in pregnancy. A 
prior history of back pain [7, 11–14], mechani-
cally demanding jobs [12], lower degrees of edu-
cational attainment [7, 9], and multiparity [7, 9, 
11, 13–15] have been found to be the strongest 
predictors of back pain. In addition, a history of 
anxiety or depression [9, 13], lower job satisfac-
tion [13], younger maternal age [11, 14], and 
stress [13] contributed to the reporting of pain. 
Interestingly, Ostgaard et al. found younger age 
to be principally associated with greater inci-
dence of back pain (p < 0.001) as well as greater 
pain intensity during the first trimester (p < 0.05) 
[14]. Ostgaard et al. also noted that back pain and 
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pelvic pain were common during pregnancy with 
greater pain generally noted from the posterior 
pelvis during pregnancy [14]. Pelvic pain has 
been found to improve much faster than low back 
pain following delivery [1, 16, 17]. Greater pain 
during pregnancy was correlated with persistent 
pain following delivery. Pain was also more 
likely to persist postpartum when experienced 
from multiple sites during pregnancy [1, 17, 18].

Much as is the case with low back pain, pelvic 
girdle pain and sacroiliac pain in pregnancy are 
disabling and are predicted by many similar fac-
tors. Risk factors for developing pelvic girdle or 
sacroiliac pain in pregnancy include previous low 
back pain and trauma to the back or pelvis, mul-
tiparae, lower job satisfaction, and greater stress 
[13]. Greater weight contributed to pelvic girdle 
pain but not to sacroiliac pain [13, 15]. In a cohort 
of 371 women, long-term pelvic girdle pain was 
predicted by greater number of pain provocation 
tests during pregnancy (OR = 1.79) and a prior 
history of low back pain (LBP) (OR = 2.28) [18]. 
They were significantly less able to indepen-
dently perform activities of daily living 
(p  <  0.001), experienced lower self-esteem 
(p  =  0.046), decreased health-related quality of 
life (p  <  0.001), greater levels of anxiety and 
depression (p < 0.001), and worked significantly 
fewer hours per week (p = 0.032) than did women 
without pelvic girdle pain. Accordingly, they 
concluded that the presence of truncal pain dur-
ing pregnancy was associated with long-term 
social, economic, and health concerns for many 
women and treatment for this should be pursued.

 Role of Scoliosis

Dewan et  al. conducted a systematic literature 
review of pregnancy related outcomes in patients 
with adolescent idiopathic scoliosis (AIS). 22 
articles with 3125 patients were included in this 
review. Patients with AIS patients demonstrated 
somewhat higher rates of nulliparity and more 
often sought infertility treatments. Prepartum 
back pain was more common in women with 

AIS. Back pain in pregnancy was more severe in 
these patients than in healthy women. Progression 
of the scoliotic curve was often seen, however 
minor and of unclear permanence. AIS was not 
associated with an increase in perinatal compli-
cations to either the mother or child [19].

In a single-center retrospective review of 59 
pregnant women with the diagnosis of AIS, 14 
had previously undergone posterior spinal fusion 
[20]. Obstetric complications included preterm 
birth in 21.4%, induction of labor in 23.8%, and 
emergency cesarean section in 14%. None of 
these was associated with scoliotic curve severity 
or with prior spinal fusion. Spinal anesthesia was 
successful in 70 of 71 attempts, including in 13 
patients with prior fusion. 11 patients underwent 
postpartum scoliosis imaging with no statistically 
significant change in curve seen during or shortly 
after pregnancy. Other studies have found a mod-
est progression of scoliotic curves during preg-
nancy but not when surgery had been performed 
[21, 22]. It can be concluded then that AIS does 
not increase the risk of complication with regional 
anesthesia or with delivery and the scoliotic 
curve does not progress significantly during 
pregnancy.

In a study with an average of 5 years follow-
 up of 108 nulliparous women who had scoliosis 
surgery, 97 women with scoliosis surgery and 
pregnancy, 91 pregnant controls and 82 nullipa-
rous controls found a greater degree of back pain 
during pregnancy when prior scoliosis surgery 
was performed (48% vs. 34%) [23]. The preva-
lence of low back pain after childbirth was equal 
in the two groups (43% vs. 42%). An important 
finding was the importance of the lowest instru-
mented segment: women with surgery above L3 
demonstrated less frequent back pain during 
pregnancy than those whose fusions extended to 
L3 or L4 (p  <  0.05). Moreover, cesarean 
(C)-section was significantly more likely in 
women with surgery (64% vs. 33%), and the like-
lihood of C-section was greater when the surgery 
extended to or below L4 (p < 0.05). Anesthesia 
for C-section was more often via general, rather 
than spinal, anesthesia for fusions to L4 or below 
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(p < 0.05). Quality of life after pregnancy was the 
same for women who had scoliosis surgery as for 
healthy controls. Accordingly, the lowest instru-
mented segment of a spinal fusion carries far 
greater significance during pregnancy than does 
the presence of a fusion itself.

 Influence of Prior Anterior Spinal 
Surgery

A history of anterior lumbar fusion raises the 
concern of difficulty with pregnancy due to prior 
surgery with scarring and instrumentation near 
the woman’s growing uterus. In one single insti-
tution study of 67 women who underwent previ-
ous anterior spinal surgery, 19 later attempted to 
become pregnant [24]. All succeeded in becom-
ing pregnant and in bearing a child. 37% under-
went delivery by cesarean section, consistent 
with the general population. Anterior spinal 
fusion poses no increase in risk of delivery com-
plication or of difficulty with conception.

 Influence of Prior Diskectomy

A history of prior lumbar diskectomy potentially 
could increase the risk of back pain encountered 
during pregnancy as well as an increase in risk of 
recurrent disk herniation from the mechanical 
stresses upon the low back. A retrospective evalu-
ation of 26 women who gave birth an average of 
3 1/2 years after lumbar microdiscectomy found 
an increased prevalence of back pain, leg pain, 
and motor and sensory deficits during pregnancy 
[25]. The majority of patients noted improvement 
in back pain, leg pain, motor and sensory deficits 
following delivery. No case of recurrent lumbar 
disk herniation was seen by 6 months following 
delivery. Three patients (11%) underwent surgery 
for recurrent disk herniation at an average of 
7.7 years following delivery, consistent with his-
torical controls. The authors surmised that venous 
compression from the uterus, along with an 
increasing body fluid volume during pregnancy 
could account for some of the symptoms encoun-
tered during pregnancy [8, 26].

 Diagnosis

A challenge with discussion of back pain in preg-
nancy is the overlapping symptoms and classifi-
cation of the nature of pain. Sciatica, pelvic pain, 
and radiculopathy may not be appreciated to be 
distinct entities and their diagnoses may be mis-
taken by clinicians. Likewise, back pain and sac-
roiliac pain may be difficult to distinguish. Each 
entity may be sought on the basis of the patient’s 
history and physical examination. Unfortunately, 
physical examination of the pregnant woman is 
complicated by the apprehensions of clinicians 
who do not routinely work with pregnant women 
as well as by difficulty with certain examination 
techniques. In some cases diagnostic studies may 
be necessary to fully appreciate the underlying 
pathology. As a result of the difficulty in under-
standing or identifying the source of pain, patients 
may be subjected to greater period of pain or seek 
treatment for longer periods as different solutions 
are attempted [27]. Clinical diagnosis as well as 
research would benefit from agreed upon diag-
nostic criteria for these diagnoses.

Low back pain during pregnancy does not dif-
fer significantly from its clinical presentation at 
other times in life. Back pain generally increases 
toward the end of the day, consistent with patients 
with mechanical pain generation. Pain is often 
exacerbated by prolonged standing or walking. 
Distinct from typical back pain, more than 1/3 of 
pregnant women report nighttime low back pain 
suggestive of contribution other than mechanical 
strain [8]. In addition, a larger proportion of the 
pregnant women have pain over the sacroiliac 
joint than is generally seen in nonpregnant 
women with low back pain. The relative propor-
tion of patients with pain near the sacroiliac joint 
increased as pregnancy progressed. The use of 
pain drawings helps clinicians differentiate 
between low back pain, sacroiliac pain, and pel-
vic girdle pain [16].

 Nonspinal Neuropathic Pain

Meralgia paresthetica (MP), the symptom of 
numbness and paresthesias to the anterolateral 
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thigh, is the result of compression of the lateral 
femoral cutaneous nerve. MP is commonly seen 
with conditions that result in increased intraab-
dominal pressure and from direct compression at 
the level of the inguinal ligament. It is commonly 
seen in police and linesmen who wear heavy util-
ity belts, as well as following prone surgery and 
in patients with obesity, pregnancy, and pelvic or 
abdominal masses [28]. It needs to be kept in the 
differential diagnosis of radicular pain during 
pregnancy. A comprehensive history and 
 pertinent physical examination is essential in 
arriving at the diagnosis; point tenderness over 
the lateral femoral cutaneous nerve is expected. 
Response to anesthetic block of the nerve is 
diagnostic.

 Sacroiliac Pain

The sacroiliac (SI) joints serve as the interface 
between the pelvis and the spinal column. They 
transmit load from the lumbar spine to the lower 
extremities. It does not have much stability of its 
own against shear loads. The joint maintains its 
resistance to shear stress by the ligaments tra-
versing the sacrum and hips as well as by the 
tight fit between the sacrum and the posterior pel-
vis. It demonstrates a limited range of motion—3° 
in flexion/extension, 0.8° to lateral bend, and 1.5° 
of axial rotation. The pelvis of women is wider 
and shallower than that of men, creating a broader 
and less stable SI joint interface. In addition, the 
ligamentous laxity and broadening of the pelvic 
joints during pregnancy contribute further to a 
destabilization of the joint in gravid females. The 
SI joint is believed to be the etiology of pain in up 
to 25% of healthy adults complaining of low 
back pain [29]. That number is far higher in post-
partum women—the SI joint is believed to be the 
source of posterior pelvic girdle pain in 75% of 
women with persistent postpartum pain [30]. In a 
prospective study of 1500 primigravid women 
between ages 25 and 35 who experienced low 
back pain without prior symptoms of sacroiliac 
pain, 79% were ultimately diagnosed with SI 
joint pain [31]. Pain attributed to the SI joint 
worsened from the first through the third trimes-

ter (P  <  0.001) as did the degree of disability 
assessed by the pain motility index (P < 0.001). 
Accordingly, it may be concluded that SI joint 
dysfunction is an important contributor to pain 
and mobility difficulty during pregnancy, as well 
as a contributor to the symptom of low back pain.

Examination for sacroiliac pain includes many 
methods. Some of the more common techniques 
are the pelvic compression test, pelvic distrac-
tion, thigh thrust, Gaenslen’s test, Patrick’s 
Flexion, Abduction and External Rotation 
(FABER) test, sacral thrust test, and the drop test. 
The physical examination findings for back pain 
and sacroiliac pain suffer from poor inter-rater 
reliability and as such the predictive accuracy of 
an individual test cannot be relied upon [32]. 
Subsequently, clinicians have utilized compos-
ites of diagnostic tests for the evaluation of sacro-
iliac pain. An examination demonstrating 3 of 6 
positive diagnostic provocative tests or 2 of any 4 
tests produced a reliable positive predictive value 
for SI joint pain as confirmed by diagnostic 
intraarticular SI joint block [33, 34].

Although radiography of the sacroiliac joint 
has been found to be of little diagnostic value, 
MRI may hold greater promise. An evaluation of 
93 hip and pelvis MRIs of pregnant and < 6 month 
postpartum women to look for SI joint changes 
and compared to the responses of 52 patients 
regarding pain and clinical outcomes [35]. SI 
joint bone marrow edema correlated with gesta-
tional age or postpartum time. This edema was 
correlated with greater sacroiliac pain and was 
predictive of a slower clinical improvement of 
sacroiliac pain and of the development of spon-
dyloarthropathy and chronic pain.

 Diagnostic Studies

Physical examination for low back pain and pel-
vic pain is not specific for identifying the pres-
ence of pathology. When back or sacroiliac 
region pain is not intractable and disabling and 
when significant neurologic deficit is not present, 
diagnostic imaging studies are not warranted as 
management should be conservative. In those 
instances in which pain is incapacitating, it is of 
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sudden onset, or when significant and progres-
sive neurological symptoms are present, diagnos-
tic studies are indicated to identify serious 
pathology.

In light of the concern for radiation exposure 
to the fetus, utilizing electrodiagnostic studies in 
lieu of an imaging modality may have merit. 
Electrodiagnostic studies have been shown to 
demonstrate greater correlation with muscle 
weakness on physical examination for lumbar 
disk herniation and lumbar stenosis than MRI 
[36]. Although structural lesions cannot be iden-
tified by EMG, it has demonstrated utility 
in  localizing dysfunction of muscle and nerve 
and therefore can help eliminate unnecessary 
imaging studies.

When imaging is warranted, ultrasound is of 
limited value for evaluation of the adult spinal 
canal. Sonography cannot traverse solid bone, 
limiting the utility of this modality as a purely 
diagnostic study, but its application is actively 
explored. Compression of the spinal canal has 
been identified through ultrasound [37]. 
Ultrasound has also been used to identify changes 
to the spinal cord itself, as demonstrated by the 
diagnosis of syringomyelia [38]. It should be 
emphasized that ultrasound is very operator 
dependent and produces images that spine sur-
geons are generally less familiar with than radio-
graphs, CT, or MRI.

MRI has been shown to be a safe diagnostic 
modality at all time points throughout pregnancy 
[6, 39, 40].

Fetal exposure to strong magnetic fields has 
not demonstrated a risk for fetal demise, neo-
plasm, hearing loss, or teratogenesis [41]. Thus, 
noncontrasted MRI offers the safest imaging 
modality for evaluation of the spinal canal in 
pregnant women with no demonstrated reports of 
harm to the fetus. The risk with the use of gado-
linium contrast on the other hand is less clear. 
Gadolinium is known to accumulate within amni-
otic fluid which then can be swallowed by the 
fetus, resulting in absorption into fetal tissues 
[42]. The potential for harm from gadolinium 
build-up has not been established [41, 43, 44].

Unlike ultrasound and MRI, diagnostic CT 
and intraoperative fluoroscopy place both mother 

and fetus at risk from radiation exposure. In some 
instances, such modalities are required for diag-
nosis or for interventions. A fair appraisal of the 
risk from these studies, and the treatments which 
require their use, must include an assessment of 
the risk from the radiation involved. Estimated 
conceptus doses and adult effective doses for 
various X-ray based modalities are summarized 
in Tables 26.1 and 26.2.

Radiation risk depends on the state of devel-
opment perhaps as much as the radiation dosage. 
Prior to implantation of the zygote, roughly from 
fertilization to day 14 of gestation, the cell mass 
is undifferentiated and DNA damage is either 

Table 26.1 Estimated conceptus doses from various 
X-ray-based examinations

Examination
Estimated conceptus dose 
(mSv)

Head CT 0
Chest CT 0.2
Abdominal CT 4
Abdominal/pelvic CT 25
CTA of the chest, abdomen, 
pelvis

34

Source: McCollough CH, Schueler BA, Atwell TD, et al. 
Radiation exposure and pregnancy: when should we be 
concerned? Radiographics 2007;27:909–917

Table 26.2 Adult effective doses for various neuroimag-
ing examinations

Examination

Average 
effective 
dose (mSv)

Days of 
equivalent 
background 
radiation

Skull radiograph 0.1 12
Cervical spine 
radiograph

0.2 24

Thoracic spine 
radiograph

1 118

Lumbar spine 
radiograph

1.5 177

Head CT 2 240
Neck CT 3 350
Spine CT 6 710
Neuroangiography 30–150 10–50 years

Adapted from Mettler FA Jr., Huda W, Yoshizumi TT, 
Mahesh M.  Effective doses in radiology and diagnostic 
nuclear medicine: a catalog. Radiology 2008;248:254–
263 and Gkanatsios NA, Huda W, Peters KR.  Adult 
patient doses in interventional neuroradiology. Med Phys 
2002;29: 717–723
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repaired or the cells die. It is believed that radia-
tion exposure of <50 mGy will have little effect 
during this stage [45]. The embryonic stage 
(weeks 3–8) involves much of the differentiation 
of organs and limbs. During this period radiation 
exposure carries the greatest risk for develop-
mental malformation or CNS defect. Exposure to 
>100 mGy is believed to place the embryo at risk 
for teratogenic effects from radiation [45, 46]. 
Radiation exposure continues to pose risk to 
cerebral development or growth retardation until 
the end of the first trimester. Thereafter, the risk 
from radiation exposure for miscarriage or mal-
formation is not believed to be significant at radi-
ation doses of <150 mGy [47]. Likewise, the risk 
for subsequent cancer risk from radiation expo-
sure to the fetus deters many physicians from 
obtaining CT imaging later in pregnancy. 
However, this risk has been estimated at an 
increase of 1/1000 from CT scanning [48].

The effects of radiation and exposure magni-
tude for a given study are relevant when the con-
ceptus lies within the direct field of the scan, such 
as CT of the pelvis, abdomen, and lumbar spine 
which typically confer doses <50 mGy. CT imag-
ing of the abdomen and lumbar spine in a series 
of pregnant women was shown to confer no 
increase in poor fetal or neonatal outcomes [49]. 
The effective dose to the uterus is far less for 

studies outside of this region, such as imaging of 
the head, cervical and thoracic spine. Although 
the radiation exposure of a CT scan may carry 
low to negligible risk, it is still prudent to utilize 
CT imaging only when clearly indicated. Further, 
when this modality is required, such as cases in 
which MRI is precluded by ferromagnetic metal-
lic implants or by the presence of spinal implants 
marring the local image quality, CT neuroimag-
ing should not be withheld.

 Pathogenesis

The etiology of low back pain during pregnancy 
cannot be ascribed to a single issue. The con-
tributing factors include an increase in the wom-
an’s body weight by 15–25% with an 
accompanying increase in mechanical demand 
on the joints, tendons, and ligaments [50]. 
Weight gain alone is not likely to increase the 
risk of back pain during pregnancy. Maternal 
weight gain and the baby’s weights were not 
associated with an increased risk of backache 
during pregnancy [51]. Furthermore, most stud-
ies fail to demonstrate a continuous increase in 
pain throughout pregnancy which would have 
been expected if maternal weight was the prin-
cipal contributor.
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The spine and pelvis undergo many changes 
during pregnancy as well, with an increase in 
ventral load throughout pregnancy from the 
expanding uterus as well as an increase in breast 
mass resulting in an increase in lumbar lordosis 
and an increase in pelvic tilt [50]. Lordosis and 
pelvic tilt alone should not be considered an ade-
quate explanation for pain as these do not corre-
late with pain measures in nonpregnant adults 
[52]. Levels of relaxin increase by ten-fold dur-
ing pregnancy, reaching a peak between the 38th 
and 42nd weeks [53]. Ligamentous laxity as a 
result of elevated levels of estrogen and relaxin 
will destabilize joints and increase the risk for 
pain and injury [53–55]. As back pain does not 

increase throughout pregnancy, this would also 
not seem to be a principal contributor, however, 
the marked increase in sacroiliac pain in the latter 
stages of pregnancy would be explained well by 
the decrease in collagen stiffness—and therefore 
of joint stability—as a result of these hormones.

Muscular disability has been raised as a key 
contributor to back and pelvic pain during and 
following pregnancy [56]. In a 3 year prospective 
cohort study of 799 women, pain persisting 3 
years after pregnancy was more disabling when it 
involved both the low back and the posterior pel-
vis (p < 0.05) and these women experienced sig-
nificantly impaired endurance of the lumbar 
paraspinal and hip abduction musculature 
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(P < 0.01). Benefits were noted from a structured 
physiotherapy program during pregnancy for the 
reduction of low back and posterior pelvis pain 
and these benefits could last for several years. 
Poor truncal muscle function was concluded to 
be a major contributor to lumbopelvic pain dur-
ing and after pregnancy.

The impact of muscular dysfunction on pain 
was also investigated through measures of trun-
cal muscle endurance, gait speed, and hip muscle 
strength [57]. Lower values of truncal muscle 
endurance, hip extension, and gait speed were 
observed in women experiencing truncal pain 
compared to women without low back pain both 
in pregnancy and postpartum (p < 0.001–0.04). 
Levels of physical activity were observed to 
decrease throughout pregnancy (p < 0.0001) and 
limitations to activity increased throughout preg-
nancy (p < 0.0001) [58]. Severity of lumbopelvic 
pain was positively correlated with activity limi-
tations (r  =  0.51 to 0.55) and negatively corre-
lated to levels of physical activity (r = −0.39 to 
−0.41). Evaluation of pain as a function of gen-
eral fitness has been investigated as well [5]. 
Peak oxygen uptake during cycle ergometer test-
ing, as a measure of aerobic fitness, did not seem 
to affect the incidence of back pain during or 
after pregnancy. It did, however, demonstrate an 
inverse relationship with the intensity of back 
pain. Self-reported assessments of physical fit-
ness have also been associated with less body 
pain, lumbar pain, and disability (all p < 0.05) at 
16 weeks of gestation and with lower degrees of 
body and sciatic pain at 34 weeks [59]. Women 
who engage in regular recreational physical 
activity for a longer period before pregnancy 
encountered lower risk of back pain and pelvic 
pain during pregnancy [15]. Physical decon-
ditioning was felt to be a consequence, not a 
cause, of back pain associated with pregnancy 
but better pre-pregnancy fitness seemed to 
improve the degree of pain encountered.

Beyond the increased demand of added gesta-
tional mass on the mother’s musculature, clear 
stressors are placed on the spine during the 
advancing pregnancy. A significant increase is 
seen by the third trimester for back pain 
(p < 0.05), lumbar lordosis (p < 0.01), pelvic sag-

ittal tilt (p  <  0.05), and posterior head position 
(p  <  0.01) but no significant association was 
found between the change in lumbar lordosis or 
pelvic tilt and back pain [60, 61]. EMG evalua-
tion of the erector spinae and biceps femoris 
muscles in pregnant women in their third trimes-
ter demonstrated significantly increased muscu-
lar activity, decreased degrees of truncal flexion 
permitted, and decreased endurance of maximal 
flexion in pregnant women compared to nonpreg-
nant controls as well as to themselves 2 months 
after birth [62]. The extensors of the trunk dem-
onstrate an increase in effort in response to the 
increased anterior loads encountered in preg-
nancy. Increasing activation of the spinal exten-
sors seems to counter the ligamentous laxity and 
increasing mechanical demands during 
pregnancy.

In addition to the change in orientation of the 
lumbar spine as a result of increased ventral mass 
and the accompanying increase in pelvic tilt, the 
pelvis undergoes further structural change during 
pregnancy. An increase in both the anterior and 
posterior width of the pelvis as pregnancy pro-
gresses has been demonstrated [63]. The anterior 
width of the pelvis remains wider 1 month after 
childbirth than at 12  weeks of pregnancy 
(p  <  0.001). This malalignment of the pelvic 
bones can be considered a contributor to lumbo-
pelvic pain and to dysfunction of load transfer 
between the torso and legs as a broadened and 
destabilized sacroiliac joint will be the conse-
quence of decreased wedging between the sacrum 
and the ilium and the ligamentous laxity during 
pregnancy.

Vascular phenomena have been implicated in 
back pain of pregnancy as well. In one study, 
67% of women reported experiencing back pain 
at night during the second half of their pregnancy 
[64]. The authors hypothesized that the enlarging 
uterus obstructed the inferior vena cava leading 
to venous engorgement of the lumbar vertebral 
bodies. These changes could then result in hypox-
emia and irrigation of unmyelinated nerves, lead-
ing to nighttime backache. Supporting this 
vascular hypothesis, a review of MRIs of 9640 
adult patients with back pain or sciatica yielded 
13 with radicular symptoms who did not demon-
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strate lumbar pathology but instead demonstrated 
obstruction or occlusion of the inferior vena cava 
resulting in distention of the epidural venous sys-
tem and spinal nerve root compression [26]. Two 
patients experienced inferior vena cava compres-
sion from pregnancy. All of the patients presented 
with the acute onset of low back pain which was 
soon followed by the onset of acute radicular 
symptoms. Symptoms were relieved in all 
patients following treatment or delivery.

 Structural Pathology

Symptoms of severe and unremitting back pain 
should prompt further evaluation with diagnostic 
imaging studies. More so, the presence of neuro-
logic deficits, particularly motor weakness, 
myelopathy, or cauda equina syndrome, is an indi-
cation to obtain advanced spinal imaging in antici-
pation of possible surgical intervention. Clinical 
diagnosis may be possible on the basis of physical 
examination alone or with the use of electrophysi-
ologic evaluation, but pathology amenable to 
decompression or stabilization may only be identi-
fied with appropriate radiographic examination.

The most common surgical lumbar pathology 
in pregnancy is the herniated disk. The presence 
of a symptomatic disk herniation in pregnancy 
has been reported at 1 in 10,000 [65]. Evaluation 
of MRIs of pregnant women and that of asymp-
tomatic nonpregnant women of childbearing age 
demonstrated no difference in the incidence of 
lumbar disk herniations, suggesting against an 
increase in frequency of disk herniation associ-
ated with pregnancy [66].

Another compressive spinal pathology in 
pregnancy is spontaneous epidural hematoma. 
Of 16 cases reported in two series, 14 patients 
presented during the third trimester and the other 
two during the second trimester [67, 68]. All 
patients initially presented with back pain, and 
15 of 16 subsequently developed spinal cord 
deficits. All cases were diagnosed by 
MRI. Hematoma was most commonly found in 
the cervicothoracic region. Surgery is recom-
mended urgently in the presence of spinal cord 
dysfunction but a period of observation and pos-

sibly delivery can be considered when deficits 
are modest.

Aggressive vertebral hemangiomas during 
pregnancy have been reported in the literature 
[69, 70]. Hemangiomas of the vertebral bodies 
can become more aggressive during pregnancy, 
resulting in neurologic deficit. Treatment consist-
ing of decompression and possible vertebroplasty 
is advocated. In some instances, spinal fusion 
consisting of posterior decompression and fusion 
during pregnancy and corpectomy with anterior 
fusion postpartum has been performed for large 
vertebral hemangiomas [71].

Spinal meningioma has been reported in preg-
nancy as well. A case of meningioma resulting in 
spinal cord compression in the third trimester of 
pregnancy with continued neurologic deficit fol-
lowing delivery which led to MRI, diagnosis, and 
ultimately to surgical resection several months 
following birth was previously described [72]. 
Additional cases have been reported [73]. 
Meningiomas may harbor estrogen and proges-
terone receptors and demonstrate rapid growth 
during pregnancy [74].

Other spinal tumors have been encountered 
during pregnancy as well me. Meng et al. reported 
a series of 21 women diagnosed with tumors dur-
ing pregnancy (5 giant cell tumor, 5 hemangioma, 
4 schwannoma, 3 metastatic, 2 eosinophilic gran-
uloma, 1 neurofibroma, 1 multiple myeloma) 
[75]. Hemangioblastoma growth during preg-
nancy has been found as well [76]. Spinal metas-
tases from breast cancer have also been diagnosed 
during pregnancy [77]. Surgery for benign tumors 
was typically postponed until after delivery 
unless the patient suffered a significant neuro-
logic deterioration. Aggressive lesions underwent 
surgery during pregnancy. In these cases, the risk 
to the fetus from surgery was felt to be less than 
the risk from radiation or chemotherapy.

Spinal fracture from pregnancy-induced 
osteoporosis is uncommon but generally occurs 
during the third trimester or postpartum, particu-
larly from continued calcium loss due to [78, 79]. 
In a series of 535 patients with osteoporotic ver-
tebral compression fractures, two were believed 
to be due to pregnancy-induced osteoporosis 
[80]. In another group of 52 women with osteo-
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porotic fracture diagnosed within 2 months of 
pregnancy, the majority had poor bone density 
prior to pregnancy and all demonstrated osteopo-
rosis via dual-energy X-ray absorptiometry 
(DEXA) scan (spinal T-score—3.4, hip 
T-score—2) [79]. All patients received medical 
therapy with bisphosphones or teriparatide. In 
these cases, imaging to diagnose the fracture and 
dual-energy X-ray absorptiometry scan to assess 
for presence of osteoporosis is warranted.

 Treatment

 Conservative Therapy

Ostgaard et al. conducted a prospective random-
ized study of women with back pain during preg-
nancy to evaluate the effect of a physiotherapy 
and patient education program [81] 352 women 
were randomly assigned to a control group or to 
two intervention groups and followed throughout 
pregnancy and at 3 months and 6 years following 
delivery. Back pain was reported by 18% before 
pregnancy, 71% during pregnancy, and 16% at 
6 years’ follow-up. Pain severity was greatest at 
36 weeks of pregnancy (VAS 5.4) and declined 
by 6 years (VAS 2.5). Recovery from pain was 
slower in women who experienced back pain 
before pregnancy (p < 0.05) and was of greater 
intensity during pregnancy (p  <  0.01). For the 
women in the two treatment groups, pain during 
pregnancy resolved faster and long-term pain 
was not present. Likewise, sick leave frequency 
was reduced (p  <  0.01). Education and physio-
therapy did not prevent the subsequent develop-
ment of back pain in women who did not 
experience LBP during pregnancy but good fit-
ness and regular exercise prior to pregnancy 
reduced the risk of developing back pain during 
pregnancy [81].

Other studies assessing the effect of physio-
therapy on pregnancy-associated back pain have 
found benefit for pain reduction during preg-
nancy, improved balance, truncal activation, and 
stability but without an improvement in disability 
[82]. The goal of therapy to improve fitness, core 
strength, and functional adaption to the changes 

of pregnancy is clear, but the absence of a correc-
tion between postural change in pregnancy and 
back pain suggests against the utility of exercise 
programs which focus on postural correction 
[60].

Pelvic and sacroiliac pain of pregnancy has 
been shown to be improved by training the trans-
versus abdominis muscles which cross the sacro-
iliac joint and the pelvic floor muscles which 
stabilize the sacrum [83]. There is also evidence 
for some pain relief in 82% of women with pos-
terior pelvic pain from the use of a non-elastic 
sacroiliac belt [84].

One review of treatments for pregnancy- 
associated lumbopelvic pain found strong benefit 
from the use of acupuncture and pelvic belts [85]. 
Lower quality evidence supports the use of exer-
cise therapy in general and stabilizing exercises. 
Little evidence could be provided to support the 
use of osteopathic manipulation, yoga, muscle 
relaxation, or electrotherapy. Adverse events 
were not reported with any of these interventions. 
Additionally, transcutaneous electrical nerve 
stimulation (TENS) during pregnancy is safe but 
its efficacy is unclear [86].

Perhaps the broadest evaluation of treatments 
for low back and pelvic pain in pregnancy is the 
Cochrane review by Pennick and Liddle [87]. 
They reviewed randomized controlled trials of 
treatments intended to prevent or mitigate the 
incidence or severity of low back or pelvic pain 
in pregnancy. They noted that trials for the treat-
ment of low back pain offered low-quality evi-
dence with the findings that exercise significantly 
reduced pain and disability. The use of pelvic 
support belts did not offer significant benefit 
compared to osteopathic manipulation or to usual 
care. Pelvic pain was improved with acupuncture 
more than with exercise for evening pain and 
both were an improvement over usual care. 
Acupuncture was also found to improve function 
but not daily pain. Rigid sacroiliac belts with an 
exercise program improved pain compared to 
exercise alone but did not improve function. 
Exercise was also beneficial for reducing 
lumbopelvic- related sick leave and for improving 
function. A physical training program signifi-
cantly reduced pain and disability from low back 
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pain but this was not beneficial for preventing the 
onset of lumbar or lumbopelvic pain.

Cultural norms may influence the reporting of 
low back pain (LBP) and pelvic girdle pain 
(PGP), as well as the likelihood of women to seek 
treatment. Gutke et al. evaluated 869 women in 
their third trimester of pregnancy in the USA 
(214), the UK (220), Norway (220), and Sweden 
(215) for the presence and severity of LBP and/or 
PGP [2]. Significant differences in reporting 
between countries were observed (p  <  0.001), 
with the greatest pain reported by U.K. women 
and the least by U.S. women. In addition, women 
were most likely to receive treatment for these 
afflictions in Norway (53%) and least likely in 
the U.S. (15–24%) (p < 0.001) [2, 4]. Of those 
women who received treatment, 68%–87% 
reported a positive effect.

In other surveys of women during and after 
pregnancy, poor utilization of healthcare 
resources for the treatment of back pain during 
pregnancy is a recurring theme. In one study, 
67.7% of women experienced back pain during 
pregnancy, 57.7% found it severe enough to pre-
vent them from performing daily activities, but 
only 7.0% received treatment [10]. Another sur-
vey reported 68.5% of women experienced low 
back pain during their current pregnancy but only 
32% sought help for their pain and then only one 
of four of those providers recommended treat-
ment [11]. Treatment for low back pain and pel-
vic girdle pain related to pregnancy is 
underutilized due to a combination of poor 
understanding of management options and the 
fear of causing harm to the fetus and mother [88].

It can be concluded that the heterogeneity of 
pain disorders which result in back pain during 
pregnancy and the variety of underlying etiolo-
gies contributing to pain likely lead to the incon-
sistent benefit appreciated from its treatment. 
Several underlying themes are clear: the role of 
social support for the pregnant woman, the role 
of fitness and exercise prior to pregnancy, the 
need for healthcare providers to proactively 
inquire about her pain and her ability to perform 
regular activities, and the role of an individual-
ized exercise program to maintain her level of 
function throughout pregnancy. It is of great 

import for the medical professional to distinguish 
between typical lumbopelvic pain and that which 
could represent a surgical emergency.

 Surgery

Lumbar spine surgery during pregnancy can be 
performed safely but as the perioperative course 
has implications for both mother and child, the 
surgeon should be judicious with the decision to 
proceed with operative intervention. Special con-
sideration must be taken with patient positioning, 
the amount of radiation exposure with intraoper-
ative fluoroscopy, blood loss, blood pressure sta-
bility, and consultation with obstetrics prior to 
surgery for fetal monitoring in advanced 
pregnancies.

Positioning of the pregnant woman for sur-
gery has raised concerns due to the potential for 
impairment of perfusion to the uterus when prone 
or with side-lying [89]. Positioning begins to take 
on special consideration during the second tri-
mester as the increasing size of the uterus creates 
risk for aortocaval compression. In the third tri-
mester, fetal viability raises the prospect of urgent 
delivery prior to surgery as well as the use of fetal 
monitoring during surgery. Prone positioning on 
a table with generous abdominal freedom, such 
as a Jackson spine table, may be utilized safely 
during the second trimester. The increasing 
abdominal habitus during the third trimester may 
deter prone surgery, whereas a lateral decubitus 
or three-quarter prone position may remain rea-
sonable options.

The treatment of lumbar disk herniation in 
pregnant women should generally begin with 
conservative therapy. Surgery must be considered 
when progressive neurologic deficits arise or 
when intractable radicular pain has proven unre-
sponsive to appropriate medical therapy. Cauda 
equina syndrome and acute foot drop represent 
clear indications for emergent surgery at any 
stage of pregnancy. Consultation with the obste-
trician should be sought prior to surgery and 
anesthesia [39, 40].

Surgery for lumbar disk herniation with pro-
gressive neurologic deficit or for cauda equina 
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syndrome was performed safely with patients in 
the prone position on a 4-poster frame under epi-
dural anesthesia [90]. In one retrospective series, 
nine pregnant women underwent emergency 
spine surgery, six for lumbar disk herniation 
resulting in severe sciatica or foot drop and an 
additional three patients with thoracic lesions 
with cauda equina syndrome or myelopathy [91]. 
C-sections were performed in three women prior 
to surgery and the pregnancies were carried to 
term in the other 6 patients. The eight children 
who were born healthy demonstrated a normal 
subsequent course.

A review of cases of lumbar diskectomy dur-
ing pregnancy yielded 17 papers representing 22 
cases [92]. Most cases of surgery in the first and 
early second trimester were performed prone. In 
the third trimester the majority of patients under-
went C-section prior to prone surgery. Left lateral 
position was utilized in the late second trimester 
and third trimester when surgery was indicated 
and delivery could not be performed.

Similarly, the role of surgery for the treatment 
of spinal oncology and spinal fracture reflects a 
balance of the risk of surgery to both mother and 
fetus against the risk of delayed intervention. 
Larger procedures with greater intraoperative 
fluoroscopy, surgical duration, and blood loss 
should involve consultation of the obstetric ser-
vice. In some cases, preterm delivery or thera-
peutic abortion may need to be considered [93]. 
Particular concern should be given to procedures 
involving the lumbar spine as the conceptus will 
lie near or within the collimated radiation field 
and receive far greater exposure than for cervical, 
thoracic, or upper lumbar procedures.

Theocharopoulos et  al. demonstrated this 
issue with a series of anterior–posterior and lat-
eral fluoroscopic shots at 5 spinal levels per-
formed on anthropomorphic phantoms simulating 
the 3 trimesters of gestation to estimate the radia-
tion exposure to the conceptus from a typical 
pedicle screw fixation and kyphoplasty proce-
dure—assuming pedicle screw fixation to require 
3.3  min of fluoroscopy, and a kyphoplasty to 
require 10.1 min of fluoroscopy [94]. They found 
the conceptus doses from fluoroscopically guided 
pedicle screw fixation and kyphoplasty to be 
smaller than 4 mGy during all three trimesters of 
pregnancy if the conceptus lies outside the pri-
marily irradiated region. Accordingly, the risk of 
fatal cancer during childhood or congenital mal-
formation on the progeny was estimated to be at 
least 2 and 1500 times, respectively, lower than 
the spontaneous incidence rates. When the 
embryo is primarily irradiated, mean conceptus 
dose can be as high as 105 mGy from a nonopti-
mized exposure (Table  26.3). They noted a 
marked increase in exposure to the embryo from 
AP fluoroscopy compared to lateral views, with 
replacing AP with lateral views enabling a 90% 
reduction in radiation exposure, which would 
amount to a 3 and 12 mGy exposure to an embryo 
within the irradiated region. With typical imag-
ing, they conclude that at least 35 min of fluoros-
copy time is required for the induction of 
deterministic effects.

An alternative to the use of intraoperative flu-
oroscopy is to utilize neuronavigation with an 
intraoperative cone-beam CT.  In a series of 73 
patients who underwent CT-navigated spinal 
instrumentation with 73 controls who underwent 

Table 26.3 Conceptus doses from typical fluoroscopically guided surgical treatments of the spine during pregnancya

First trimester Second trimester Third trimester
Pedicle screw Kyphoplasty Pedicle screw Kyphoplasty Pedicle screw Kyphoplasty

T5 0.0187 0.0835 0.0124 0.0491 0.0337 0.120
T9 0.0546 0.256 0.205 0.660 0.395 2.55
L1 0.113 0.460 0.714 4.05 6.88 60.4
L3 0.658 4.05 2.76 18.6 11.8 105
L5 3.88 28.8 4.63 31.8 11.7 104

aExpressed in mGy
Adapted from: Nicholas Theocharopoulos N, Damilakis J, Perisinakis K, Papadokostakis G, Hadjipavlou A, 
Gourtsoyiannis N. Fluoroscopically Assisted Surgical Treatments of Spinal Disorders: Conceptus Radiation Doses and 
Risks. Spine 2006 Jan 15;31(2):239–44
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fluoroscopically guided spinal instrumentation, 
Mendelsohn et al. found the average CT exposure 
to be 6.93 mSv, 2.8 times greater than the value 
for case-matched fluoroscopic procedures and 
similar to that of a diagnostic CT scan [95]. 
Noteworthy, in their series navigation did not 
reduce the number of X-rays or CT scans obtained 
in the postoperative period. Despite the advan-
tages offered by intraoperative CT-based neuro-
navigation, with enhanced accuracy, decreased 
radiation exposure to the surgical team, and 
potentially a decrease in operative time, the 
patient is subject to an increased radiation 
exposure.

As noted previously with diagnostic studies, 
ultrasonography offers the promise of radiation- 
free spinal localization. This modality is more 
user-dependent than are fluoroscopy and intraop-
erative CT. Cases of use in the USA for localiza-
tion of spinal level via spinous process 
identification have been reported with greater 
accuracy than by palpation [96, 97]. Ultrasound 
has also been used to count the correct vertebral 
level in a post-laminectomy patient [98]. One 
study utilized ultrasound to identify articular pro-
cesses and pedicles as well as to serve as the 
guidance for percutaneous pedicle screw inser-
tion [99].

In conclusion, intraoperative imaging is safe 
for CT and fluoroscopy when the conceptus lies 
outside of the irradiated field. For procedures of 
the lower lumbar spine (L3 to sacrum), greater 
consideration should be offered regarding the pos-
sibility of preoperative delivery of the late- term 
fetus and the surgeon should be thoughtful with 
regard to minimizing the radiation exposure, in 
particular minimizing the use of AP fluoroscopy, 
narrow collimation, and low-dose fluoroscopy for 
procedures which require multiple images.

 Conclusions

Back pain is a common complaint reported dur-
ing pregnancy. Indeed, the majority of expectant 
women will experience truncal pain during their 
pregnancy. This risk is greater in women with a 
previous history of back pain or history of spinal 

fusion below the L3 level and in women who are 
younger, multiparous, have greater social stress-
ors, lower job satisfaction, and who have not 
engaged in regular exercise prior to pregnancy. In 
most cases, pain is bothersome and limits the 
patient’s ability to perform their daily activities. 
In far too many cases, it is not treated. Exercise 
programs, including physical therapy, can help 
maintain the pregnant woman’s level of function 
and help decrease their level of pain, as well as 
lead to a faster postpartum recovery. Rarely, this 
pain is the result of fracture, tumor, or neurologic 
compression. In these cases, diagnostic imaging 
should not be withheld as the risk to the develop-
ing child is minimal. Surgery, too, may be per-
formed safely with appropriate precautions. 
When urgent surgery is warranted, the surgeon 
should consult with anesthesia and obstetrics to 
ensure appropriate care will be provided for both 
mother and her future child.
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27Headache in Pregnancy

Ian Hakkinen and Pengfei Zhang

 Introduction

Headache is one of the most common complaints 
in neurology [1]. In order to avoid harm to the 
fetus and the patient, headaches in pregnancy 
pose unique challenges in diagnosis and treat-
ment for clinicians in both inpatient and outpa-
tient settings. Despite these challenges, however, 
the key to successful headache treatment remains 
the same: a detailed and carefully taken history 
can often allow clinicians to differentiate between 
primary headaches versus secondary headache.

Negro and colleagues in a 2017 review of 
headaches in pregnancy offer an excellent classi-
fication paradigm—a headache patient who is 
pregnant can only really present in three ways:

 – The patient has a history of headaches pre-
senting with her typical headaches.

 – The patient without any prior headache his-
tory presenting with a first time headache.

 – The patient with a prior history of headaches 
presenting with new type of headache [2].

In the case of those with new onset headache 
or one that is different from their typical, the 
focus of a clinician’s investigation should be to 

rule out commonly occurring peripartum/intra-
partum secondary headaches. Conversely, while 
vigilance should be practiced, the focus for a 
patient with her typical headache during preg-
nancy will most likely be on potential treatments. 
This chapter is organized around this theme: we 
will first introduce the natural progression of pri-
mary headaches. Then we will offer a list of sec-
ondary headaches commonly occurring in 
pregnancy. Finally we will discuss treatment 
options during pregnancy.

 Primary Headaches in Pregnancy

 Migraine

Migraine has a global prevalence of 14.7% and 
female migraine sufferers outnumber their male 
counter parts by a factor of 3:1 [3, 4]. The 
International Criteria for Headache Disorders 
(ICHD3) provides comprehensive diagnostic cri-
teria for various types and subtypes of migraine, 
highlighting the importance of photo/phonopho-
bia and/or nausea as features of migraine diagno-
sis in addition to two of the following: unilateral 
location, pulsating quality, moderate or severe 
pain, and aggravation by routine physical activity 
[5].

The natural progression of disease for 
migraine sufferers during pregnancy has been 
frequently studied: in a 2003 prospective study of 
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pregnant migraine patients, 50% showed a gen-
eral improvement in migraine frequency and 
intensity during pregnancy [6]. The improvement 
of migraine symptoms follows a trend with relief 
of migraine symptoms and reduced frequency as 
the pregnancy progresses toward the third trimes-
ter. The improvement continues until the day of 
delivery when many, including those without a 
migraine diagnosis, experience a worsening or 
increase in headache frequency [6, 7]. With each 
subsequent pregnancy the improvement in head-
ache frequency and intensity diminishes [8]. 
Migraines with aura patients, however, tend to 
have a worsening of their symptoms starting in 
the first trimester [8]. Menstrual-related migraine 
patients were reported to have no improvement 
with pregnancy [8].

Onset of a first migraine during pregnancy can 
occur in up to 10% of women. This frequently 
occurs in the first trimester [7]. The normal tem-
poral pattern of a patient’s migraines returns 
around 4–5 weeks following delivery. There can 
be some further prevention of migraines by 
breastfeeding but this is controversial [6, 7].

 Tension-Type Headaches

Tension-type headache (TTH) has a global preva-
lence of approximately 42%; gender proportion 
tends to be equally distributed [9]. According to 
ICHD3 criteria, TTH should not be associated 
with nausea and should not have both photopho-
bia and phonophobia. Two of the following fea-
tures of headache should also be present: bilateral 
location, pressing or tightening quality, mild to 
moderate pain, and no aggravation of pain with 
physical activity [5].

Tension-type headaches make up about a 
quarter of headaches during pregnancy [8]. A 
study by Maggioni et  al. suggests that tension- 
type headaches improve during pregnancy and 
rarely have a worsening of intensity or frequency 
[8]. Patients who suffer from migraines can also 
suffer from tension-type headaches and it may be 
hard to distinguish between the two if symptoms 
are mild.

 Trigeminal-Autonomic Cephalalgias

Trigeminal-autonomic cephalalgias (TAC) are a 
group of headaches sharing clinical features of 
side-locked headaches with parasympathetic 
autonomic features. TAC include five primary 
headache disorders: cluster headache, paroxys-
mal hemicranias, hemicranias continua, short 
lasting unilateral neuralgiform headache with 
conjunctival injection and tearing (SUNCT), and 
short lasting unilateral neuralgiform headache 
with autonomic features (SUNA) [5]. A rare vari-
ant, LASH, has not yet been classified into the 
ICHD3 criteria [10].

TAC are rare; the most common of them, clus-
ter headache, has a prevalence of approximately 
0.1% [11]. Typical autonomic features include 
conjunctival injection, tearing, nasal congestion. 
Restlessness is also considered a cardinal feature 
[5]. There is limited data concerning TAC evolu-
tion during pregnancy. Available data does not 
show cluster headache as having a clear trend in 
pregnancy [12]. In some studies, it has been sug-
gested that those who have suffered from cluster 
headaches were less likely to conceive due to the 
severity of their illness [12, 13].

 Secondary Headaches

Physiological changes in pregnancy predispose 
patients to a number of neurological disorders. 
Indeed, secondary headaches account for approx-
imately 33% of headaches in pregnancy [14]. The 
most common etiology of secondary headache is 
hypertensive related complications and of those 
pre-eclampsia is the most common [14].

The popular acronym for remembering head-
ache red flags, SNOOP, remains as a good entry 
point in thinking about potential causes of sec-
ondary headaches in pregnancy [15]. SNOOP is 
an acronym for “Systemic symptoms,” 
“Neurological symptoms,” “Onset: sudden, 
abrupt,” “Older: age > 50,” “Previous headache 
history: either first headache or different, papill-
edema, precipitated by valsalva, postural.” 
Abnormal neurological symptoms, for example, 
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should alert physicians to posterior reversible 
encephalopathy syndrome (PRES). Sudden onset 
headache in pregnancy, for example, should alert 
clinicians to diagnoses such as pre-eclampsia, 
RCVS, CVT, pituitary apoplexy, and 
SAH. Papilledema should alert the practitioner to 
idiopathic intracranial hypertension (IIH). 
Postural headaches in the postpartum should put 
CSF leak on the differential.

 Pre-eclampsia and Eclampsia

Pre-eclampsia is a well-known complication 
occurring in up to 8% of all pregnancies [16]. It is 
a leading cause of maternal and fetal morbidity 
worldwide. Onset most often occurs after the 
20-week mark and can occur in the puerperium 
period up to 4  weeks following delivery. 
Presenting features include severe headache, ele-
vated blood pressure, proteinuria, and can prog-
ress to eclampsia if the patient develops seizures 
[16]. ICHD 3 characterizes the headache as bilat-
eral, pulsating, and worsened by physical activity 
[5]. Pregnant women presenting with headache in 
the middle of the second trimester and onward 
should be worked up for pre-eclampsia. 
Immediate treatment of blood pressure and sei-
zure prophylaxis should be started [17]. Women 
presenting with headache following delivery 
should be treated for pre-eclampsia but also con-
sidered for cerebral venous thrombosis [13]. Pre- 
eclampsia and eclampsia are discussed in detail 
in Chap. 14.

 Posterior Reversible Encephalopathy 
Syndrome

Posterior reversible encephalopathy syndrome 
(PRES) is a condition related to hypertension and 
is especially common in those with eclampsia. 
Elevated blood pressure is thought to cause 
changes in cerebral autoregulation that results in 
vasogenic edema [18]. Patients most often will 
have headache associated with confusion, visual 
disturbance that can be cortical blindness, nausea 
and vomiting, and seizures. PRES responds well 

to treatment of the underlying hypertension. MRI 
will show T2 FLAIR hyperintensities that can be 
seen on imaging for weeks after improvement of 
symptoms [19].

 Cerebral Venous Thrombosis

Pregnancy predisposes patients to an increased 
risk of thrombotic events due to the underlying 
prothrombotic state. Pregnant women are 6 times 
more likely to develop a venous embolism com-
pared to nonpregnant women [20]. Thrombotic 
events in the cerebral venous system are a rare 
form of stroke and occur at a rate of 11.6 per 
100,000 in developed countries and up to 450 per 
100,000 in developing countries [21]. There is an 
11% mortality rate [21]. Cerebral venous throm-
bosis presents with a headache in 80–90% of 
cases. The headache can mimic many primary 
headaches without any definitive characteristics: 
The phenotype can be unilateral or diffuse, can 
have a rapid onset or progression, and can have 
symptoms of intracranial hypertension such as 
nausea and vomiting with papilledema. Other 
common associated symptoms are a focal neuro-
logical deficit or new onset seizures [5]. CVT 
treatment choice is with heparin or low molecular 
weight heparin [20]. CVST is discussed in detail 
in Chap. 13.

 Subarachnoid Hemorrhage

It was previously thought that pregnancy carries 
a five-fold increase for risk of subarachnoid 
hemorrhage of a prevalence of 1 per 10,000 with 
typical onset occurs in the third trimester or in 
the puerperium period [22]. However recent 
study suggests that there may not be an increased 
risk of aneurysmal SAH in women, during preg-
nancy, in labor, or in the puerperium time [23]. 
Most common etiology is secondary to an under-
lying aneurysm presenting classically as “thun-
derclap headache”—an acute onset headache 
that peaks within seconds to minutes [5]. 
Aneurysms and SAH are discussed in detail in 
Chap. 10.

27 Headache in Pregnancy



394

 Reversible Cerebral Vasoconstriction 
Syndrome

Headache associated with reversible cerebral 
vasoconstriction syndrome (RCVS) generally 
has a thunderclap onset and is concerning for 
more sinister pathology such as subarachnoid 
hemorrhage. The vasoconstrictive effects can 
lead to ischemic or hemorrhagic strokes and 
patients can develop long term neurological 
 deficits [5]. Etiology of RCVS is not well under-
stood but there is a connection between drugs 
that are sympathomimetics or have serotonergic 
effects. Patients can also have symptoms brought 
on by straining, taking hot showers, or sex [24]. 
Classically, imaging studies with MRA or CT-A 
will show a “string of beads” sign. However this 
sign can be elusive if imaging study is done early 
on in the disease course. Symptoms are self- 
limited, and most patients have resolution of their 
headache within 4  weeks [24]. ICHD3 criteria 
maintain that there must be resolution within 
3 months [5]. RCVS and its variant postpartum 
angiopathy are discussed in detail in Chaps. 15 
and 16.

 Idiopathic Intracranial Hypertension

Idiopathic intracranial hypertension (IIH), or 
pseudotumor cerebri, disproportionally affects 
women more commonly than men. Obesity is 
correlated with an increased incidence: the base-
line incidence is 0.9 per 100,000, whereas in 
obese patients the incidence is 19.3 per 100,000 
[25]. The headache is characterized as pulsating 
that is worsened with activity and maneuvers 
that raise intracranial pressure (ICP) such as 
coughing or valsalva. There can be visual distur-
bance that is transient initially and becomes per-
manent and associated with painful eye 
movements. On exam patients can have papill-
edema. Diagnosis is made by exclusion from 
other etiology and is confirmed with imaging 
(i.e., MRI) and lumbar puncture to look for ele-
vated ICP. IIH can worsen in pregnancy which is 
thought to be due to weight gain [5, 25]. IIH is 
discussed in detail in Chap. 35.

 Pituitary Apoplexy

The pituitary swells during pregnancy due to 
hypertrophy and hyperplasia of lactotrophs 
reaching a peak in the few days following deliv-
ery. The swelling predisposes the pituitary to 
ischemia and increases the risk of converting 
hemorrhage [26, 27]. Patients will often present 
with a sudden onset headache that is followed by 
visual disturbance and signs of hypopituitarism 
[5].

 Imaging Choice when Evaluating 
Headache

Imaging in pregnancy poses a complex issue 
because of the risks to the developing fetus. 
Neurological emergencies pose a particular 
dilemma where acute imaging must be done in 
order to exclude various pathologies and narrow 
the differential. The image modalities used most 
commonly are CT and MRI [28]. In the American 
College of Obstetricians and Gynecologists 2017 
opinion piece on the use of both CT and MRI, 
MRI is preferred over CT due to radiation risk. 
However, it is worth noting that CT imaging of 
the head will likely pose little risk to the fetus. 
Therefore, should there be high suspicion for 
emergency requiring a CT (for example, a sub-
arachnoid hemorrhage), the clinician should not 
delay such an intervention [28].

However, in general, CT should be avoided in 
pregnancy: CT imaging utilizes ionizing radia-
tion which at high levels can pose a risk to a 
developing fetus. The amount of radiation expo-
sure and impact depends upon the location of 
imaging and fetus’ developmental timeline. 
Theoretically, CT imaging of the head and neck 
poses a low risk of ionizing radiation to the fetus 
since the fetus is not directly in the scanner. There 
are other techniques to reduce the radiation expo-
sure including using the lowest amount of radia-
tion necessary to obtain imaging and applying a 
lead shield [28]. The use of contrast with CT 
remains controversial. Contrast used in CT is 
iodinated and can pose a risk for thyroid disease 
and should only be used if there is an absolute 
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need. Following delivery there is no contraindi-
cation to CT with contrast and there should be no 
interruption of breastfeeding. CT imaging espe-
cially of the head should not be withheld as an 
imaging modality for patients where there is an 
acute need [28].

MRI use in pregnancy has shown no contrain-
dication or precautions that need to be taken at 
any trimester. Human and animal studies have 
shown no increased risk or harm to the fetus. The 
use of gadolinium contrast in MRIs is debated 
but there is some evidence to suggest it can be 
harmful. Following delivery there is no contrain-
dication to the use of gadolinium contrast and 
there should be no interruption of breastfeeding. 
MRI is one of the most useful imaging modalities 
for evaluating headaches in pregnant women 
since there is no radiation exposure and it pro-
vides high diagnostic quality of images [28, 29].

Considerations for neuroimaging during preg-
nancy are described in detail in Chap. 5.

 Treatment of Headache 
in Pregnancy

 Nonpharmacological Treatment

In recent years, neuromodulation has become a 
commonly utilized technique in migraine treat-
ment. The most frequently used neuromodulation 
devices include: Cefaly, eNeura TMS, 
GammaCore, and Nerivio. The efficacies of these 
devices for both migraine abortive and/or pro-
phylaxis have been demonstrated in clinical trials 
[30–35]. Since these devices are non-systemic, it 
would be logical to assume that they do not affect 
the fetus. Indeed, while evidence for safety in 
neuromodulation devices are lacking, it is stan-
dard teaching that they are safe in pregnancy. For 
example, Continuum, an often-used educational 
series for neurology residents, recommends it 
[36]. These techniques have also received treat-
ment endorsement from experts [37].

At the individual device level, claims of safety 
are ambivalent, likely due to legal concerns. The 
Cefaly device, a supraorbital transcutaneous 
stimulator, and Nerivio, a remote electrical neu-

romodulation device, did not offer any advice in 
regard to pregnancy on their official websites [38, 
39]. eNeura TMS, a single pulse transcranial 
magnetic stimulation device, has produced a sin-
gle poster advocating for the lack of adverse 
events in pregnancy [40]. GammaCore, a vagal 
nerve stimulator, is more cautious, suggesting in 
its package insert that “Safety and efficacy of 
gammaCore have not been evaluated in the fol-
lowing patients, and therefore is NOT indicated 
for: …. pregnant women” [41].

 Nerve Blocks

Peripheral nerve blocks have been established as 
effective for treatments of migraine [42, 43]. 
Indeed, it has so convinced headache practitio-
ners of its efficacy that the American Headache 
Society (AHS) put forth a consensus statement in 
2013 [44].

Given nerve block’s local effect and low level 
of distribution the body, it is logical to consider 
nerve block as an appropriate option for head-
ache treatment in pregnancy. Indeed, in a small 
study conducted by Govindappagari et al., nerve 
block does appear to be an effective and safe 
treatment in refractory headaches during preg-
nancy [45].

Although specific mixtures are practitioner 
dependent, the most common ingredients used in 
peripheral nerve block tend to be lidocaine, bupi-
vacaine, and steroids. Lidocaine has usually been 
considered safe in pregnancy, given its category 
B status. However, bupivacaine is category C in 
pregnancy and standard teaching (as shown by 
AHS guidelines) suggests that bupivacaine 
should be avoided. This avoidance of bupivacaine 
from pain and family medicine literature is due to 
bioavailability data, which showed a 4: 1 increase 
in toxicity when compared to lidocaine [46]. 
Avoidance of bupivacaine in pregnancy has been 
challenged. And indeed, in the article by 
Govindappagari et al., it is noted that there was a 
lack of adverse events related to nerve block 
while using both lidocaine and bupivacaine.

Steroid use in nerve blocks suffers from simi-
lar controversy. AHS guidelines argue against the 

27 Headache in Pregnancy



396

use of steroids. In the pain literature, however, we 
do have evidence that local steroid injection is 
safe in pregnancy; it is used in the treatment of 
carpal tunnel during pregnancy, for example [47, 
48].

 Behavioral Therapy

A number of behavioral therapy strategies have 
been proposed for migraine. Indeed, the US 
Headache Consortium, when attempting to eval-
uate evidence for these practices, counted up to 
355 varieties [49]. The most well known of these 
are progressive relaxation, biofeedback, and 
cognitive- behavioral therapy. Since no medica-
tions are involved, these techniques are usually 
considered safe (it is difficult to imagine why 
they would not be). The US Headache Consortium 
found that relaxation training, including progres-
sive muscle relaxation, autogenic training, medi-
tation/passive relaxation, EMG biofeedback 
therapy, and cognitive-behavioral therapy display 
some evidence for headache improvement [49].

 Summary for Non-pharmacological 
Interventions

There exist a wide range of nonpharmacological 
options available for pregnant headache suffer-
ers. As with any medical treatments in pregnancy, 
although evidence of safety is scarce, it is logical 
for these techniques to not produce adverse effect 
in both the fetus and the mother. The lack of evi-
dence of adverse effects for many of these treat-
ments seems to at least corroborate this latter 
statement. In the author’s practice, this view is 
offered to pregnant patients and a decision 
regarding which treatment to pursue is then made 
on an individual basis with the patient.

 Pharmacological Treatment

Medications for headache treatments are sepa-
rated into abortive medications, which abort 
headache, and prevention medications, which act 

as headache prophylaxis. We will describe the 
safety of a selection of the most commonly used 
medications in pregnancy:

 Acetaminophen

Acetaminophen is a commonly used over the 
counter analgesic that is well tolerated by 
patients. The use of acetaminophen in headaches 
has shown efficacy including in the treatment of 
migraine [50]. In the hospital setting, acetamino-
phen is the drug of choice for pregnant women 
with headaches as it is believed to have very few 
side effects and is category B by the FDA [51]. 
However, maternal use of Tylenol has recently 
been suspected to be associated with develop-
ment of ADHD and the risk increases with dura-
tion of use [52].

 Aspirin

Aspirin works as an analgesic and antiplatelet 
that is used to prevent cardiovascular and stroke 
complications. There has been a benefit shown in 
pregnant women for secondary prevention of pre- 
eclampsia [53]. The use of aspirin during preg-
nancy or in the puerperium period poses a risk of 
premature closure of the ductus arteriosus and in 
breastfeeding can cause Reye’s syndrome. 
Aspirin is category D and is generally not used in 
the treatment of headache in the pregnant popula-
tion [51].

 Nonsteroidal Anti-Inflammatory 
Drugs

Nonsteroidal anti-inflammatory drugs (NSAIDs) 
are one of the most widely used treatments for 
both primary and secondary headaches. In the 
third trimester there is a higher risk of vaginal 
bleeding, premature closure of the ductus arterio-
sus, and concern for an increase in asthma in the 
newborn [54]. There is some controversy with 
regard to use in the first trimester where there 
may be an increased risk of cardiac malformation 
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[55]. Regardless of the controversy, the FDA has 
labeled NSAIDs as category B in the first and 
second trimester and category D in the third tri-
mester [51].

 Triptans

Triptans are an effective abortive medication 
used in the treatment of migraine. Their mecha-
nism of action is serotonin receptor agonism 
which helps to modulate the blood flow in order 
to abort migraine symptoms [56]. Triptans can 
cross the placenta but at a low rate and result in 
low serum levels in the fetus and are unlikely to 
adversely impact the fetus. Triptans can be used 
during pregnancy but there is the risk of preterm 
delivery [56]. Some advocate for its use, how-
ever [57].

 Opiates

Opiate based pain medications can be very 
effective in the treatment of pain during preg-
nancy. Opiates bind to the Mu opiate receptor 
in the brain and body producing an analgesic 
and euphoric effect [58]. However, fetal expo-
sure to opioids can be a serious concern and 
they of course carry significant abuse 
potential.

 Ergotamine

Ergotamine has a strong vasoconstrictive effect 
and has been used to treat migraines. In preg-
nancy the use of ergotamine is contraindicated. 
There are numerous side effects that include neu-
ral tube defects, low birth weight, and preterm 
delivery [59].

 Antiemetics

Antiemetics such as ondansetron and metoclo-
pramide are used for the treatment of nausea dur-
ing pregnancy [13]. Of these medications, 

metoclopramide has been shown to treat both 
headache and nausea [60].

 Beta-Blockers

Antihypertensive medication is commonly used 
in pregnancy. Beta-blockers are used for prophy-
lactic treatment of migraines and a number of 
practitioners would consider its use during preg-
nancy as long bradycardia and hypotension are 
avoided [61]. However, it has been noted that 
beta-blocker exposure is related to small size for 
gestational age in a large Scandinavian study 
[62].

 Antiepileptic Medication

Antiseizure medication is contraindicated in 
pregnancy since there are many teratogenic 
effects to the fetus [13]. Valproic acid is associ-
ated with neural tube defects. Topiramate has a 
risk of cleft palate [13]. Gabapentin has limited 
data but it may be one of the few anticonvulsants 
that does not have a teratogenic effects [63]. 
Nevertheless gabapentin is category C in preg-
nancy [64].

 Tricyclic Antidepressants

All of the tricyclic antidepressants (TCA) are cat-
egory C in pregnancy [65].

 Botox

Botulinum toxin is an effective and FDA 
approved medication for migraine prevention. 
Pregnancy is listed as a contraindication in the 
product’s package insert [66]. It has been argued, 
however, that botox is too big (150 kDa) to cross 
the placenta. However, given that botox is cate-
gory C, it is not the standard of care in pregnancy. 
Indeed, in a 2006 survey of 396 physicians who 
used commercial botox, only 12 reported using 
botox for pregnant women [67].
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 Supplements Used in Headache

There are a broad range of other medications 
which have been reported to relive the symptom 
of headache. Magnesium appears to be a rela-
tively safe medication in pregnancy. In a Cochrane 
review on magnesium supplementation, for 
example, there was no benefit but also no harm for 
the infant nor the mother [68]. The doses included 
in the review ranged from 128 mg to 4 g daily. 
The evidenced-based dose for migraine preven-
tion is approximately 400–600 mg [69]. Of note, 
magnesium sulfate injections (for the purpose of 
stopping preterm labor) is category D by the FDA 
[70]. Caffeine is one of the oldest and most com-
monly used treatments for headaches [1]. In preg-
nant women with headache, caffeine can be 
consumed and acceptable up to 200 mg per day 
[71]. Short periods of high dose oxygen therapy 
via a nasal cannula are also a safe option for preg-
nant women with headache [1].

 Summary for Pharmacological 
Interventions

It is worth noting that of the number of prescrip-
tion medication we have discussed so far, only 
acetaminophen, metoclopramide, ondansetron 
remain in category B in pregnancy. NSAIDs are 
category B in early pregnancy as discussed 
above, but their use is nevertheless controversial.

It is often taught that, in general, prevention 
medication should be avoided in pregnancy due 
to fetal interactions. This is the authors’ view and 
recommendation. This is also in part due to the 
positive improvement that often accompanies 
pregnancy, as well as that any oral medication 
adjustment takes approximately 3  months, or 1 
trimester, to take effect.

This dogma of avoiding any prevention medi-
ation has been challenged in recent years. It is 
curious, therefore, to see whether this dogma 
actually translates to standard of care in the head-
ache community: Hamilton and colleagues con-
ducted precisely such a study of the members of 
the American Headache Society between October 

2018 and December 2018. In this study they 
offered practitioners a number of abortives and 
preventives and asked how comfortable the head-
ache specialist would be in prescribing each med-
ication. Of the acute treatments, more than 80% 
are comfortable with nonpharmacological treat-
ments and acetaminophen. More than 70% are 
comfortable with nerve blocks. More than 50% 
are comfortable with neuromodulation and dopa-
mine. Less than 50% of all responders feel very 
comfortable with the remainder of medications: 
NSAIDs, caffeine, steroids, opioids, butalbital, 
triptans, and muscle relaxants. Of those surveyed, 
>60% feel very uncomfortable with butalbital 
use. Similarly, >50% of responders feel “very 
comfortable” with non-pharmacologics, neuro-
modulation, and nerve blocks as preventives 
only. Over 50% of practitioners feel very uncom-
fortable with prescribing topiramate, valproic 
acid, CGRP antagonists, memantine (despite it is 
category B designation), Butterbur, calcium 
channel blockers, ACE inhibitors, and ARBs. The 
remainder of medications have mixed review. 
The authors note that there is “less consensus 
about the use of triptans for acute treatment and 
onabotulinumtoxin A for preventive treatment of 
migraine in pregnancy” [72]. However, it is 
always the best practice for any headache physi-
cian to consult with the patient on risks and ben-
efits of each intervention. If possible, the 
intervention with the lowest risk but maximum 
benefit should be tried first.

 Conclusion

Headaches in pregnancy are a complicated sce-
nario for any practicing physician. The clinician 
must decide whether to pursue the patient’s head-
ache symptoms further and do so in a manner that 
will have the least risk to the fetus. Ultimately, 
the clinician may decide about imaging and treat-
ment based upon their experience and how com-
fortable they are with treating pregnant women. 
There is no algorithmic approach as of yet for the 
management of headache in pregnancy but fol-
lowing the advice of Negro et al. and the SNOOP 
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model can help to guide the clinician’s  differential 
and management. When imaging is warranted it 
should not be withheld from the pregnant woman 
and, if possible, MRI should be the preferred 
imaging modality.

In the treatment of headache there are many 
conflicting studies with regard to medications 
and their side effects. The clinician should gauge 
the woman’s desire for treatment and provide 
informed consent regarding the treatment options. 
When non-pharmacologic options fail, there are 
many pharmacologics that can provide relief of 
the headache with little to no risk for the fetus. 
Likely the best treatment approach is that of a 
conservative one.
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28Management of Epilepsy During 
Pregnancy

Stephen Wong

 Issues Relating to Conception 
Reduction in Fertility

Women with epilepsy (WWE) experience up to 
2–3 times higher infertility rates than the general 
population [1]. The problem of reduced fertility 
in WWE is complex and multifactorial and 
includes both biological and social factors. Age, 
education, seizure frequency, seizure types, and 
anticonvulsant usage are likely to play significant 
roles. Additionally, social inhibition, poor self- 
esteem, fear of having seizures during relation-
ships, and consequent later age of marriage may 
contribute to a reduction in fertility.

Reduction in libido is reported in a third of 
patients with epilepsy, particularly in focal, tem-
poral lobe epilepsy relative to generalized epi-
lepsy [2]. Hyposexuality is a component of 
Geschwind syndrome [3], which is a constella-
tion of behavioral phenomena in patients with 
temporal lobe epilepsy that includes hyperreligi-
osity and reduced sexuality. Lower libido in 
WWE may also be related to chronic anticonvul-
sant usage. Enzyme-inducing antiepileptic drugs 
(AEDs) and valproic acid induce the liver to pro-
duce higher levels of sex-hormone binding glob-
ulin [4], leading over time to lowered testosterone 

and estradiol levels which consequently may 
negatively affect libido and fertility.

WWE may have a more difficult time with 
conception as they can experience greater men-
strual irregularity and anovulatory cycles. This is 
estimated to occur at up to 2.5 times the rate of 
the general population [5]. Menstrual irregularity 
is potentially due to a greater incidence of poly-
cystic ovarian syndrome (PCOS). PCOS affects 
roughly 5–10% of reproductive-age women and 
is characterized by hyperandrogenism, ovarian 
cysts, anovulatory cycles, hirsutism, and obesity. 
WWE have higher rates of PCOS ranging 
between 12 and 26% [6, 7], with higher risks in 
patients taking valproic acid [8, 9]. Menstrual 
irregularity may possibly be due to the influence 
of seizures on brain endocrine centers, inducing 
aberrant hormone secretion.

In contrast to the above, Pennell et  al. con-
ducted a recent prospective cohort study demon-
strating that WWE, without a history of infertility 
or PCOS, had a similar likelihood of achieving 
pregnancy compared to those without epilepsy 
[10]. This cohort of women was largely on mono-
therapy, with roughly half being seizure free dur-
ing the prior 9  months of enrollment, implying 
perhaps a less severe burden of epileptic 
seizures.
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 Contraceptives and Anticonvulsants

In addition to fertility problems, there are contra-
ception issues with many AEDs. Hepatic enzyme 
induction (EI) by anticonvulsants is known to 
accelerate the metabolism of bystander drugs. 
Circulating estrogens and progestins are substrates 
for the hepatic cytochrome p450 enzyme CYP3A4, 
which catalyzes chemical reactions leading to 
their inactivation. As a result, WWE taking 
enzyme-inducing AEDs (EIAEDs) that induce the 
hepatic isozyme CYP3A4 may experience reduced 
effectiveness of COCs (combined oral contracep-
tives), resulting in increased contraception failure 
rates. Among anticonvulsants, strong inducers of 
CYP3A4 include phenytoin, carbamazepine, and 
phenobarbital/primidone. Weak or dose-depen-
dent inducers include eslicarbazepine, oxcarbaze-
pine, topiramate, rufinamide, and felbamate. 
WWE on EIAEDs may be counseled to take COCs 
with a higher dose of estrogen (e.g., 50 μg of ethi-
nyl estradiol), though care should be taken due to 
pro-convulsant effects of estrogen. Because depot 
injections avoid hepatic first-pass effects, they are 
not susceptible to this phenomenon. Other meth-
ods such as the IUD or barrier methods to prevent 
unforeseen pregnancy are also recommended.

One major interaction in the reverse direction 
involves estrogenic components of COCs that 
induce UGT (uridine-diphosphate glucuronosyl-
transferase) to increase glucuronidation, the major 
metabolic inactivation pathway for lamotrigine. 
Lamotrigine levels may thus decline up to 50%, 
resulting in breakthrough seizures. Other AED 
levels affected to a lesser degree include valproic 
acid, whose levels may be reduced by 20–40%. 
This effect can be remedied by avoiding estrogen-
containing COCs (e.g., the “minipill,” or proges-
tin-only COC) or by checking susceptible AED 
levels before and after oral contraceptive initiation 
and adjusting the AED dosage accordingly.

 Issues Relating to Pregnancy 
Changes in Seizure Rate

Changes in seizure rate during pregnancy may be 
a question on the minds of patients. Pregnancy is 
typically a fairly uneventful process with respect 

to their seizures, and most children are delivered 
healthy without obstetric complications. 
Statistically, there is no change in seizure rate in 
approximately 70% of women with epilepsy; 
among the remainder, there are equal numbers 
who experience improvement and exacerbation 
of seizures. The reasons are likely related to a 
complex mix of physiological changes that ren-
der the direction of change difficult to predict. 
Reassuringly, WWE who are seizure free for the 
9 months prior to pregnancy are 84–92% likely to 
remain seizure-free during pregnancy and should 
be counseled as such to allay any fears [11].

Worsening of seizures during pregnancy may 
be related to anticonvulsant level fluctuation, in 
turn due to metabolic changes associated with 
pregnancy, medical nonadherence, and hyper-
emesis gravidarum. A monitoring plan should be 
made to frequently check serum levels of anti-
convulsants that are likely to decline during the 
course of pregnancy. Notably, glucuronidation 
becomes more efficient during pregnancy, result-
ing in reduction of lamotrigine and oxcarbaze-
pine levels. WWE on these medications require 
higher doses and may have more clinical seizures 
[12, 13]. After delivery, AED levels can be 
adjusted back to their prepregnancy doses to 
avoid developing toxicity.

 Maternal Mortality in WWE

Alarmingly, several studies have found that 
maternal mortality in WWE is significantly 
higher than that of the general population. 
Sampled hospital data from the USA [14] imply 
a ten-fold increase in maternal death in WWE 
during hospitalization for delivery. Similarly, 
data from the UK examining all maternities dur-
ing successive 2-year periods suggest a ten-fold 
increase in maternal death in WWE during preg-
nancy and up to 42 days after delivery [15]. Most 
deaths were from SUDEP (sudden unexplained 
death in epilepsy) among women taking lamotrig-
ine, though the high numbers associated with 
lamotrigine may have simply correlated to pre-
scribing practice. A five-fold increase in mortal-
ity during and up to 42 days after delivery was 
found in Denmark [16]. Speculative reasons 
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include possibly stoppage of AEDs (antiepileptic 
drugs) or increased clearance of AEDs during 
pregnancy, resulting in severe seizures.

In addition to mortality, increased maternal 
complications such as preeclampsia, preterm 
labor, hemorrhage, increased cesarean utiliza-
tion, and prolonged length of stay [14, 17]. Given 
these issues, WWE who are pregnant are placed 
in a high-risk obstetrical category and are often 
referred to neurology for consultation.

 Teratogenicity of Anticonvulsants

A significant concern of hopeful parents is the 
influence of medications on the developing fetus. 
The background rate of major congenital malfor-
mations (MCMs) in the general population is 
1.5–3%, and anticonvulsant therapy in general 
can raise that risk on average two-fold. Over the 
past few decades, data regarding the teratogenic-
ity of specific anticonvulsants have been gathered 
in several pregnancy registries run in different 
countries (North America, Europe, the UK, and 
Australia). All registries have consistently shown 
a three- to five-fold increase in MCM rates by 
valproic acid, as well as increased rates with 
polytherapy. Other agents associated with signifi-
cantly higher rates of MCMs include topiramate 
and phenobarbital. In general, polytherapy and 
higher anticonvulsant doses [18] are associated 
with higher teratogenicity. Anticonvulsants that 
are regarded as safer and associated with a low 
rate of MCMs include lamotrigine and levetirace-
tam. These results can be seen in the North 
American Pregnancy Registry (www.aedpreg-
nancyregistry.org); the NAPR publishes their 
results on monotherapy and major congenital 
malformations (MCMs) on a biennial basis and 
their tabulated data are downloadable from their 
website.

Most MCMs related to anticonvulsants 
include craniofacial defects such as oral clefts, 
cardiac abnormalities, hypospadias, microceph-
aly, and neural tube defects (e.g., spina bifida, 
encephaloceles); specific anticonvulsants are 

more associated with particular deformities. In 
the absence of obvious malformations, there may 
be cognitive and neurobehavioral deficits induced 
by AED exposure. In the NEAD 
(Neurodevelopmental Effects of Antiepileptic 
Drugs) study, over 300 children born to women 
on four anticonvulsants (phenytoin, carbamaze-
pine, valproic acid, and lamotrigine) were fol-
lowed after birth, and IQ tested at age 3 and 6. A 
10-point reduction in IQ was found associated 
with in utero exposure to valproic acid, particu-
larly in the verbal domain [19, 20].

Low folate levels are associated with increased 
risk of spontaneous abortion and MCMs. Whether 
administration of folic acid will reduce AED- 
related MCMs is debatable, with a prospective 
study from the UK revealing no difference in 
MCMs with folate supplementation [21]. Other 
studies have found that treatment with supple-
mental folate may help attenuate teratogenicity 
and improve neurocognitive outcomes [20, 22].

Careful planning is essential to a healthy neo-
natal outcome. Transition from polytherapy to 
monotherapy at the lowest dose possible should 
be considered. Ideally, switching from agents 
such as valproic acid, topiramate, and phenobar-
bital, to safer drugs such as lamotrigine and leve-
tiracetam, should occur prior to conception. 
Many neural tube defects will have occurred 
prior to a women’s awareness of her pregnancy 
following a missed menstruation if AED switch-
ing is not done prior to conception. Additionally, 
maternal seizures can have equally deleterious 
effects on pregnancy outcome. Falls related to 
seizure can cause direct trauma to the uterus. 
Even focal seizures without tonic-clonic evolu-
tion may result in hemodynamic changes [23] or 
injury due to loss of awareness that may be harm-
ful for the developing fetus. Given this risk–ben-
efit ratio, women with epilepsy should be 
counseled to continue treatment for their sei-
zures, as sudden stoppage may lead to status epi-
lepticus. Furthermore, the best medication for 
any specific patient is one which will control the 
seizures, even if it is one that has been associated 
with a higher rate of teratogenesis.

28 Management of Epilepsy During Pregnancy
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 Issues Relating to the Peri- 
and Post-Partum Period Vitamin K

Neonates are at risk for vitamin K deficiency due 
to low vitamin K stores, poor placental transfer of 
vitamin K, and hepatic immaturity which pre-
cludes efficiently utilization vitamin K.  The 
American Academy of Pediatrics recommends 
that all newborn infants should receive vitamin K 
at birth as an intramuscular dose of 0.5–1 mg to 
prevent bleeding. It is surmised that more severe 
vitamin K deficiency may occur in infants whose 
mothers are taking EIAEDs; as such, it has been 
recommended that mothers take 10–20  mg of 
oral vitamin K daily for 1 month prior to delivery. 
However, there appears to be insufficient evi-
dence that hemorrhagic complications exist in 
higher frequencies among mothers taking 
EIAEDs; likewise, there is insufficient evidence 
to support or refute the use of supplemental vita-
min K supplementation in WWE [11].

 Breastfeeding

Anticonvulsants are measurable in breastmilk. 
Factors that are correlated with higher presence 
in breastmilk include increased lipophilicity, 
lower molecular weight, and lower protein bind-
ing. However, gaps in the mammary alveolar 
cells early post-partum may allow medications to 
pass through in higher amounts than mature milk. 
Timing of serum levels relative to breastfeeding 
or breastmilk pumping and the amount of breast-
milk consumed by the infant also play a role. 
Finally, infant metabolism and elimination 
changes as the newborn grows. These factors 
explain why infant and maternal serum levels of 
anticonvulsants are complex and not simply 
proportionate.

Though AED levels in breastmilk vary widely 
(from 5 to 10% with valproate and up to 100% 
with levetiracetam), measurable levels in breast-
feeding infants tend to be much lower [24]. 
Certain sedating medications such as barbiturates 
or benzodiazepines may accumulate due to slow 
metabolism and are anecdotally associated with 

sedation after feeding. Despite these particular 
cases, there is little evidence on the whole to sup-
port adverse events on the baby from AED expo-
sure through breastmilk [11, 25]. It is 
recommended to avoid breastfeeding if there is 
significant sedation correlated to nursing, or the 
mother is taking anticonvulsants with higher 
potential for severe idiosyncratic side effects 
(e.g., felbamate or vigabatrin). AED polyphar-
macy and prematurity (with likely reduced neo-
natal metabolism and increased accumulation) 
also represent potentially increased risk. For the 
majority of cases, however, the general recom-
mendation is to continue with breastfeeding due 
to the known benefits of nursing on neurodevel-
opment [26], though WWE appear less likely to 
breastfeed overall [27].
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29Sleep Disorders and Their 
Management in Pregnancy

Aesha Jobanputra, Vandan Kumar Patel, 
Renuka Rajagopal, Krithika Namasivayam, 
and Jag Sunderram

 Sleep Architecture in Pregnancy

It is well known that adequate quantity and qual-
ity of sleep are important for a feeling of wellness 
and overall health. However, changes in sleep 
architecture including changes in sleep latency, 
duration, and depth of sleep occur during preg-
nancy due to various physiological and anatomi-
cal reasons. These alterations have an impact on 
the well-being of the mother as well as the baby 
and have been reported using both subjective, 
self-reported data and with objective testing such 
as actigraphy and polysomnography.

 Subjective Data

Various questionnaires have been utilized to 
study changes in sleep that occur throughout the 
perinatal period [1–3]. Some of the commonly 
used questionnaires include Pittsburgh Sleep 
Quality Index (PSQI), Epworth Sleepiness Scale 
(ESS), Berlin questionnaire, and General Sleep 
Disturbance Scale (GSDS). Similarly, a sleep 
diary is another form of subjective method used 
to assess sleep prospectively. For a sleep diary, an 

individual is asked to complete several questions 
about their sleep from the night prior upon awak-
ening in the morning.

A study by Mindell et al. that assessed a total 
of 2427 women over the entire duration of preg-
nancy reported poor sleep based on PSQI scores, 
especially in the later months of the pregnancy 
[1]. The study noted that among other factors, 
sleep worsens as the pregnancy progresses [1]. 
Increased sleep latency and fragmented sleep was 
also reported in this study with 33.1% of the 
women with sleep latency of >30 min and at least 
one nocturnal awakening throughout the preg-
nancy [1]. Similarly, other studies have found 
poor sleep based on higher GSDS scores in the 
third trimester and in the first postpartum month 
[4, 5]. Several studies that assessed women using 
PSQI have also demonstrated increase in PSQI 
score or worsening sleep from early to late preg-
nancy and in the postpartum period [6].

Similarly, studies utilizing sleep diaries dem-
onstrate poor sleep as measured by wake after 
sleep onset (WASO), a measure of sleep frag-
mentation [7–10]. WASO has been shown to 
worsen from approximately 30 min at the begin-
ning of the pregnancy to up to 2 h in the first post-
partum month [7–10]. However, total sleep time 
(TST), or total duration of sleep remained 
between 7 and 8 h. Similarly, sleep onset latency 
(SOL), the amount of time required to fall asleep, 
demonstrated little variability and remained 
between 10 and 25 min [7–10]. Studies have also 
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shown that compared to control individuals, 
women had the most disturbed sleep in the first 
postpartum week. These women had more 
 fragmented sleep, longer wake periods, and more 
naps during the day compared to the control 
group [11, 12].

 Objective Data

Actigraphy and polysomnography are objective 
tests used to characterize sleep. Actigraphy is a 
method of measuring movement over a period of 
days using a noninvasive accelerometer. 
Actigraphy provides an accurate estimate of 
sleep patterns and has been validated to be used 
in normal, healthy adults as well as in patients 
with certain sleep disorders [13].

Actigraphy has been utilized to objectively 
measure sleep in pregnancy and in the perinatal 
period. The majority of the studies using actigra-
phy confirm findings from subjective testing such 
as from sleep diaries that demonstrated increase 
in WASO [4, 14–16]. However, the major differ-
ence between sleep diaries and actigraphy find-
ings was the decrease seen in TST with actigraphy 
[4, 14–16]. Total sleep time was decreased from 
average of 7–8 h to 5.5–7 h per night from late 
pregnancy to the first postpartum month [4, 
14–16].

Polysomnography (PSG) is the gold standard 
for evaluation of various sleep disorders. There 
are a limited number of studies utilizing PSGs 
due to the cost, inconvenience, and time inten-
siveness. These studies have reached similar con-
clusions as studies utilizing subjective methods. 
In a study by Lee et al., two consecutive nights of 
PSG were done in each trimester as well as at the 
first and third months postpartum. They demon-
strated decrease in TST from an average of 
446 min during the first trimester to an average of 
372 min at 1 month postpartum [17]. Similarly, 
sleep efficiency (defined as total sleep time over 
time in bed) decreased as well from 93% prior to 
pregnancy to 81% during the first month postpar-
tum [17]. Other longitudinal studies also show 

decreased sleep efficiency and increased WASO 
[18–21]. There was also a decrease in deep sleep 
throughout pregnancy compared with baseline 
and postpartum [17]. No significant change was 
seen in latency to the first REM cycle and the per-
centage of total sleep time spent in REM [17].

In summary, subjective and objective methods 
of assessing sleep in pregnant women both dem-
onstrate decreased total sleep time and increased 
WASO. All methods of assessing sleep are con-
sistent with increased sleep fragmentation 
through the progression of the pregnancy and 
into the postpartum period. Although sleep dia-
ries demonstrate no change in total sleep time, 
the objective PSG data demonstrates decreased 
total sleep time (see Table 29.1).

Table 29.1 Change in sleep architecture during preg-
nancy as determined by subjective and objective methods

Methods to identify 
changes in sleep 
architecture

Changes noted in sleep 
throughout pregnancy

Sleep questionnaires    •  Overall poor sleep [1, 
4–6]

   •  ↑ sleep latency [1]
   •  ↑ sleep fragmentation 

[1]
Sleep diary    •  ↑sleep fragmentation 

(as measured by 
WASO) [7–10]

   •  Unchanged total sleep 
time [7–10]

   •  Unchanged sleep onset 
latency [7–10]

Actigraphy    •  ↑sleep fragmentation 
(as measured by 
WASO) [4, 14–16]

   •  ↓ total sleep time [4, 
14–16]

Polysomnography    •  ↓ total sleep time [17]
   •  ↓ sleep efficiency 

[17–21]
   •  ↑ sleep fragmentation 

as measured by WASO 
[17–21]

   •  ↓ N3 sleep [17]
   •  Unchanged latency to 

REM [17]
   •  Unchanged percentage 

of total sleep time in 
REM [17]
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 Changes During Pregnancy that 
Can Affect and Alter Sleep Patterns

The above described changes in sleep quantity 
and quality are attributable to changes in melato-
nin, hormones, as well as to physiological 
changes that manifest as nocturnal symptoms 
leading to disrupted sleep. In addition, sleep may 
be disrupted due to the physical discomfort from 
a growing baby and finally from emotional and/
or psychological stress regarding pregnancy and 
childbirth.

 Changes in Melatonin and Sleep 
Onset in Pregnancy

Melatonin has been described as the “Dark 
Hormone” secreted by the pineal gland. The 
onset of melatonin secretion and peak serum con-
centrations are responsible for the timing of 
sleep, especially sleep onset [22]. Melatonin 
secretion peaks in the night and is lowest during 
mid-day. While the onset of melatonin secretion 
has not been studied during pregnancy, the con-
centration of melatonin changes during each tri-
mester of pregnancy [23]. For example, the serum 
melatonin concentration measured at 2  AM 
decreases slightly between the first and second 
trimester and then begins to increase after 
24 weeks, reaching maximum levels by the end 
of pregnancy before returning to pre-pregnancy 
values by the second day postpartum [23]. These 
changes in melatonin concentration may occur as 
a result of changes in the level of vasoactive 
intestinal peptide (VIP), a neuropeptide that con-
trols melatonin synthesis not only in the pineal 
gland but also in the placenta and the growing 
fetus [24–26].

During pregnancy, women tend to sleep ear-
lier during their first two trimesters and then 
return to pre-pregnancy levels during the third 
trimester. Additionally, women have longer sleep 
duration but have more activity in sleep during 
pregnancy than they did before or after pregnancy 
[27]. These changes in sleep onset and duration 

during pregnancy suggest a relationship with 
changes in the onset of melatonin secretion, 
although this has so far not been studied.

 Hormonal Changes During 
Pregnancy and Their Effect on Sleep

Among the many hormonal changes that occur 
during pregnancy, the hormones of significance 
to sleep are cortisol, estrogen, progesterone, and 
prolactin.

Cortisol is a hormone with significant circa-
dian rhythmicity with an early morning peak and 
evening dip. This rhythmicity is maintained dur-
ing pregnancy, but the amplitude of the peak is 
higher with serum cortisol levels being elevated 
overall [28]. This increase in cortisol levels is 
said to be important to fetal lung and brain growth 
[29]. Increased evening levels of serum cortisol 
are known to be associated with sleep fragmenta-
tion and insomnia.

Conversely, increased levels of serum proges-
terone are associated with increased sleep dura-
tion and N3 sleep, while increased estrogen levels 
are associated with decreased REM sleep [30]. 
Both these hormones gradually increase during 
pregnancy [30].

 The Growing Baby

Sleep during pregnancy may be disturbed just by 
the physical discomfort related to the growing 
fetus [1]. Additionally, the growing fetus puts 
increasing pressure on the maternal bladder 
resulting in frequent urination and nocturia as the 
pregnancy progresses [31].

Gastroesophageal reflux (GER) occurs early 
in pregnancy due to relaxation of the lower 
esophageal sphincter and delayed gastric empty-
ing. As pregnancy progresses, with increase in 
fetal size, the diaphragm and stomach are dis-
placed upward thus worsening GER symptoms. 
Worsened symptoms, especially in the recumbent 
position, result in poor sleep.

29 Sleep Disorders and Their Management in Pregnancy
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 Sleep Disorders During Pregnancy

 Sleep Disordered Breathing (SDB) 
and Pregnancy

Sleep disordered breathing refers to conditions 
that lead to abnormal breathing patterns and gas 
exchange during sleep. The commonest form of 
sleep disordered breathing is obstructive sleep 
apnea (OSA), where there is obstruction of the 
upper airway during sleep resulting in progres-
sive asphyxia. The obstruction is relieved follow-
ing a brief arousal. Repeated obstructive events 
leads to sleep fragmentation and intermittent 
hypoxia. Common symptoms include snoring 
and excessive daytime sleepiness.

Pregnancy results in the elevation of the dia-
phragm as the growing uterus pushes it upwards, 
resulting in smaller total lung volume, tracheal 
shortening, and a greater predisposition to upper 
airway obstruction [32]. Additionally, fluid shifts 
and increase in neck circumference at night, 
especially in the second trimester of pregnancy, 
increase the likelihood of OSA [33]. Increased 
levels of estrogen during pregnancy contribute to 
vasomotor rhinitis leading to inflammation and 
narrowing of the upper airway further predispos-
ing individuals to OSA. Snoring is the most com-
monly reported symptom of OSA in pregnant 
women. In longitudinal studies the frequency of 
regular snoring increases from about 7 to 11% in 
the first trimester to approximately 16–25% in 
the third trimester [34, 35]. Similarly, OSA has 
been shown to worsen across pregnancy with an 
increase from 7% in the first trimester to 27% 
later in pregnancy [36]. The prevalence of OSA 
increases with the presence of obesity in preg-
nancy. In fact, a direct correlation was found 
between higher BMI and increased risk of devel-
oping OSA in a recent UK study [37, 38]. In 
developed countries the incidence of obesity in 
pregnant women is greater than 20% [37, 38]. In 
the third trimester, 40% of obese women have 
OSA, compared to 14.5% of their normal and 
overweight cohorts [36]. Another risk factor for 
OSA is advanced age. There is a rising number of 
women that are of advanced maternal age which 
significantly increases the risk of developing 
OSA. The development of OSA in pregnancy can 

predispose the mother to unfavorable outcomes 
including gestational hypertension, pre- 
eclampsia, and gestational diabetes due to the 
associated sleep fragmentation and chronic inter-
mittent hypoxia.

 SDB in Pregnancy and GDM
Sleep disturbances, short sleep duration, and SDB 
are associated with increased risk of developing 
metabolic and cardiovascular risks in the general 
population. Shorter nocturnal sleep has been asso-
ciated with higher plasma glucose concentrations 
during the non-fasting glucose challenge test. 
Sleep disordered breathing, which affects sleep 
quality, may also play integral role in glucose 
intolerance during pregnancy. SDB is associated 
with increased incidence of type II diabetes in the 
general population and, similarly, SDB during 
pregnancy is correlated with increased propensity 
of developing gestational diabetes mellitus 
(GDM). Pregnant women with SDB were three 
times more likely to develop gestational diabetes 
based on a meta-analysis of six studies [39]. 
Studies have also shown that frequent snoring 
greater than three times a week is associated with 
increased odds of GDM when adjusted for mater-
nal age, race/ethnicity, pre- pregnancy BMI, and 
short sleep duration and may be associated with 
greater than three-fold odds of GDM when 
adjusted for BMI [34, 40]. However, there are 
limitations to self-reported frequent snoring or 
Berlin Questionnaire data as these cannot be used 
to diagnose OSA.  Polysomnogram diagnosed 
OSA can, therefore, better establish the correla-
tion between SDB with GDM. In the analysis of 
the United States Nationwide Inpatient Sample 
database of over 55 million gravid women, after 
adjusting for maternal age, obesity, ethnicity, and 
other comorbidities, PSG diagnosed OSA was 
associated with a two-fold increase in the odds of 
developing GDM compared to women who were 
not diagnosed with OSA [34, 41]. However, in a 
prospective study exposure to OSA (Apnea 
Hypopnea Index, AHI ≥5) was not associated 
with GDM or hyperglycemia [42]. This study was 
limited by small sample size and  underscoring the 
need for more prospective and longitudinal stud-
ies with more robust numbers. Additionally, there 
are no prospective studies demonstrating whether 
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the treatment of SDB or OSA leads to improve-
ment in glycemic control in pregnant women.

Pathophysiological Mechanism of GDM 
with SDB in Pregnancy
Sleep fragmentation and intermittent hypoxia 
cause greater oxidative stress and generate reac-
tive oxygen species (ROS). [43] Even in healthy 
pregnancies, markers of oxidative stress increase 
during the first and second trimesters relative to 
non-pregnant women [44]. The concentration of 
ROS is higher in women with gestational diabe-
tes compared to women with normal glucose tol-
erance [34, 45]. The increased oxidative stress 
exposure due to SDB may potentiate the develop-
ment of maternal hyperglycemia [46]. In normal 
individuals, hyperglycemia can induce release of 
pro-inflammatory markers such as IL-6, CRP, 
and TNF-α [46]. Sleep deprivation also induces 
similar release of inflammatory markers, and 
decrease in leptin, a hormone critical in appetite 
regulation and metabolism [47]. Normal preg-
nancy is associated with increased levels of TNF- 
α, CRP, and leptin, and these levels of TNF-α and 
leptin correlate inversely with insulin sensitivity 
[34, 48]. Women with GDM have higher levels of 
TNF-α and leptin compared to pregnant women 
with euglycemia when adjusted for BMI [34, 49]. 
SDB can lead to increased oxidative stress and 
insulin resistance contributing to hyperglycemia 
which in turn leads to more ROS, thus creating a 
deleterious feedback loop.

Additionally, insufficient sleep and SDB can 
lead to enhanced sympathomimetic activity with 
increased catecholamine and cortisol levels [50]. 
During pregnancy, plasma noradrenaline levels 
during the night are higher compared with levels 
in non-gravid women [28]. These changes during 
pregnancy in addition to SDB and sleep depriva-
tion could promote gluconeogenesis and suscep-
tibility to developing GDM. Furthermore, 
persistently elevated cortisol can alter glucose 
metabolism by suppressing insulin secretion 
from pancreatic β-cells, preventing glucose 
absorption, and enhancing gluconeogenesis [34, 
51]. Finally, the lack of sleep and stress of preg-
nancy alone can induce high levels of cortisol and 
lead to glucose dysregulation.

 SDB in Pregnancy and Hypertensive 
Disorders of Pregnancy (HDP)
Women with SDB have a significantly increased 
risk of entering pregnancy with chronic hyperten-
sion and/or developing hypertensive disorders of 
pregnancy (HDP), a group of conditions that 
include chronic hypertension, gestational hyper-
tension, pre-eclampsia, and eclampsia. As a class, 
HDP represents a major cause of maternal mor-
bidity and mortality, including serious complica-
tions such as postpartum hemorrhage, hemorrhagic 
stroke, cardiomyopathy, acute renal insufficiency, 
myocardial infarction, and pulmonary edema 
[52]. Notably, pre-eclampsia and eclampsia can 
increase the risk of cardiovascular disease later in 
life [53, 54]. The pathophysiological mechanism 
by which OSA can lead to pre- eclampsia is via 
common pathways of oxidative stress, systemic 
inflammation, sympathetic dysregulation, and 
eventually endothelial dysfunction.

Pre-eclampsia and OSA share many comor-
bidities such as chronic hypertension, diabetes 
mellitus, obesity, and advanced maternal age. 
Only recently OSA has been considered as a 
potential risk factor for pre-eclampsia and other 
HDP [53]. Two recent meta-analyses have indi-
cated that gravid women with OSA are at 
increased risk of developing pre-eclampsia, and 
that women with HDP are at increased risk for 
having SDB during pregnancy [55, 56]. The 
nuMom2b-SDB sub-study of 3702 nulliparous 
women who underwent sleep studies during 
pregnancy found that women with mild OSA 
(AHI <15 per hour) had twice the odds of devel-
oping pre-eclampsia. This risk was significantly 
increased with greater than four times odds of 
developing pre-eclampsia with moderate and 
severe OSA (AHI ≥15 per hour) [53, 57].

In pregnancy, OSA seems to be an important 
co-morbidity for chronic hypertension. The 
recent prospective study of over 3000 women 
postulated that chronic hypertension is 
 significantly more common among pregnant 
women with OSA, and that this prevalence 
increases with OSA severity [53]. A smaller pro-
spective cohort study confirmed that pregnant 
women with chronic hypertension had 43% inci-
dence of OSA compared to 19% in their normo-
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tensive counterparts [58]. There was correlation 
between chronic snoring and the development of 
chronic hypertension, and gestational onset snor-
ing with development of gestational hypertension 
[53, 58]. A prospective study of 248 pregnant 
women who underwent home sleep studies in the 
third trimester had a combined incidence of 
chronic and gestational hypertension of 57% 
among women with AHI ≥5 per hour compared 
to 23% among women with AHI < 5 per hour [53, 
59]. Finally, approximately 20–30% of women 
with chronic hypertension will develop pre-
eclampsia during pregnancy [60].

Pathophysiological Mechanism of Pre- 
Eclampsia with SDB in Pregnancy
SDB can lead to intermittent hypoxia and cate-
cholamine surge. It is postulated that hypoxemia 
may be an upstream mediator in the development 
of pre-eclampsia. Women who live at high alti-
tude regions with lower partial pressures of oxy-
gen have higher incidences of pre-eclampsia 
[61]. Hypoxia inducible factors 1 and 2 (HIF 1 
and 2) are transcription factors found to be over-
expressed in the placentas of women living at 

high altitude [61]. HIFs have been connected to 
OSA and hypertension by being mediators of 
inflammation, sympathetic activation, oxidative 
stress, and endothelial dysfunction [53, 62]. One 
study has shown that placental hypoxia was pres-
ent in women with SDB and habitual snoring 
when compared to the placentas of non-OSA and 
non-snoring controls [63]. The SDB mothers’ 
placentas had increased normoblasts which is a 
sign of fetal hypoxia and increased expression of 
calcium-exchanger 1 (CAX1), an indirect cellu-
lar marker of HIF-1 activation [53, 64]. Pro- 
inflammatory markers such as tumor necrosis 
factor-alpha (TNF-α), C-reactive protein (CRP), 
interlukin-6, and interleukin-8 are significantly 
increased in pre-eclampsia [65]. These same 
markers are also found to be increased in OSA 
[66]. Release of these pro-inflammatory cyto-
kines along with oxidative stress can cause endo-
thelin dysregulation with fluctuations of 
vascular-derived endothelial growth factor 
(VEGF) and placental growth factor (PlFG), thus 
increasing the risk of pre-eclampsia [53, 67].

Figure 29.1 describes the common pathophys-
iological pathways between shortened sleep, 

Adverse Pregnancy and Fetal Outcome
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Fig. 29.1 Pathogenesis of pre-eclampsia and gestational DM as a result of short sleep and sleep disordered breathing 
during pregnancy 
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sleep fragmentation, and sleep disordered breath-
ing that lead to GDM and pre-eclampsia which 
can ultimately lead to adverse fetal outcomes.

In many studies of non-gravid adults, the 
treatment of OSA with continuous positive air-
way pressure (CPAP) has improved daytime 
sleepiness, quality of life, mood, hypertension, 
sympathetic dysregulation, and endothelial func-
tion [68–70]. However, in pregnant women more 
studies are needed to support the utility of CPAP 
therapy in the prevention of HDP. A recent case 
report describes a pregnant female with severe 
pre-eclampsia and diagnosed OSA who was 
started on nocturnal CPAP therapy ultimately 
delaying the need for induction of labor for 
30  days after the diagnosis of severe pre- 
eclampsia [71]. One week of CPAP treatment not 
only improved the blood pressure but proteinuria 
and uric acid level were also significantly 
improved. This report also demonstrated lower 
levels of soluble fms-like tyrosine kinase 1 (sFlt- 
1, a VEGF receptor) after the commencement of 
CPAP therapy [71]. Further studies are needed to 
evaluate the efficacy of CPAP therapy to mitigate 
adverse pregnancy outcomes due to HDP.

 Restless Leg Syndrome in Pregnancy

Restless leg syndrome (RLS) or Willis-Ekbom 
disease is a sensorimotor disorder that is associ-
ated with a near irresistible urge to move the 
limbs which gets worse at the end of the day and 
is relieved with movement. RLS symptoms often 
lead to difficulty initiating sleep. RLS is associ-
ated with periodic limb movements in sleep 
(PLM), which is a polysomnographic diagnosed 
condition. If PLMs lead to difficulty maintaining 
sleep, this is termed PLM disorder. Iron defi-
ciency anemia and chronic kidney disease are 
often associated with RLS symptoms [72]. 
Pregnancy can worsen RLS or can lead to new 
onset RLS. Some of the mechanisms implicated 
include the relative iron deficiency of pregnancy 
and hormonal changes. The prevalence of RLS is 
three-fold higher in pregnancy at 20–25% when 
compared to the general population [73]. 

Pregnancy-related RLS peaks in the third trimes-
ter of gestation and usually remits around deliv-
ery. Reported prevalence rates of RLS are 8% in 
the first, 16% in the second and 22% in the third 
trimester, and rates decrease to 4% prevalence 
after delivery [74, 75]. RLS during pregnancy 
can be detrimental and lead to complications that 
can contribute to SDB, insomnia, birth complica-
tions, and mood disorders [74].

 RLS and Insomnia
The prevalence of insomnia in pregnancy is 
greatly increased with the presence of RLS [73]. 
RLS during gestation leads to excessive daytime 
sleepiness, poor daytime function, diminished 
concentration, and poor sleep quality [74]. Most 
women will report difficulty in initiating sleep 
with RLS during pregnancy. The diagnosis of 
insomnia can make it difficult to diagnose RLS in 
pregnancy. In most questionnaires and studies 
women are found to be under diagnosed with 
RLS [74].

 Mood Disorders with RLS
The direct correlation between poor sleep and 
depression during pregnancy has been greatly 
studied. Perception of sleep deficiency via ques-
tionnaires and sleep diaries is strongly correlated 
with depressive symptomatology [6]. RLS causes 
psychological distress and, when present in preg-
nant women, it increases the risk of developing 
perinatal depression [76]. In a longitudinal sur-
vey of 1428 pregnant women, mid-pregnancy 
and postpartum depression were associated with 
pre-pregnancy RLS rather than pregnancy onset 
RLS [76, 77].

 RLS and Gestational Diabetes
RLS can lead to poor sleep and there is an asso-
ciation between RLS and SDB [78]. In an 
Appalachian primary care population, one study 
reported increased likelihood of RLS symptoms 
in pregnant women with GDM [79]. Daily RLS 
symptoms in the later part of pregnancy were 
associated with poor glycemic control and wors-
ening severity of RLS was linked to greater like-
lihood of GDM and SDB [79].
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 RLS and Hypertensive Disorders 
of Pregnancy
In a cross-sectional study of 1000 women imme-
diately postpartum, those who reported daily 
RLS symptoms in the last 3 months of pregnancy 
had a higher likelihood of gestational hyperten-
sion with adjusted odds ratios of 3.7 and 2.1 for 
chronic hypertension and pre-eclampsia, respec-
tively [77, 80]. RLS has increased association 
with OSA leading to increased risk of HDP [74]. 
RLS and poor sleep have similar pro- 
inflammatory cytokine release and oxidative 
stress on the pregnant woman leading to risk of 
pre-eclampsia and eclampsia [74].

 Insomnia and Pregnancy

 Peripartum Mood Disorders: 
Depression and Anxiety
Perinatal depression can affect both the mother 
and newborn. Sleep deprivation, quality of sleep, 
and insomnia can potentiate the development of 
peripartum mood disorders such as depression. 
Perinatal depression has prevalence of 6.5%–
12.9% among childbearing women [81]. These 
women have increased risk of recurrence of 
depression later in life of 20–40% [82]. The 
symptoms of depression in the mother include 
apathy, decreased appetite, anxiety, sleep distur-
bance, irritability, feelings of guilt, suicidal ide-
ations, memory impairment, poor concentration, 
and decreased engagement with their infant [83]. 
These symptoms can present during pregnancy 
and persist up to one-year postpartum [84]. Many 
of the physiological changes in pregnancy, physi-
cal discomfort, and altered endogenous proges-
terone levels can lead to insomnia during 
pregnancy and in the postpartum months as well 
[84]. A study that included 1480 healthy mothers 
demonstrated that insomnia and short sleep dura-
tion were frequent symptoms prior to and after 
pregnancy [85]. Another large longitudinal, 
population- based study of 2088 gravid women 
found that insomnia may be a contributing risk 
factor for perinatal depression [86]. Depression 
in pregnancy can be attributed to fluctuations in 
hormone levels; however, one study found that 

poor sleep quality, but not the measured hor-
mones (estradiol, prolactin or cortisol), was asso-
ciated with recurrence of perinatal depression at 
17  weeks postpartum [87]. In post-menopausal 
women the decrease in sleep and onset of insom-
nia are related to a decrease in annual estradiol 
levels [88]. When hormonal replacement therapy 
was implemented, women reported better sleep 
quality, decreased arousals, and longer duration 
of sleep [84]. This suggests there is interplay 
between poor sleep/insomnia and the dramatic 
decrease in hormones following delivery which 
may increase risk of perinatal depression. There 
is a need for more studies to elucidate the effect 
of insomnia on peripartum depression.

 Postpartum Weight Retention
The role of sleep fragmentation in the peripartum 
is related to multiple variables including socio-
economic factors and obesity. Postpartum weight 
retention (PPWR) is worsened by these factors 
and poor sleep quality [89]. In a study of over 500 
women, a short sleep duration of 5 h or less pre-
dicted greater PPWR at 3 months [90]. Another 
study of 90 overweight and obese women ages 
25–65 who completed a 7-month weight loss 
program found that those with greater sleep frag-
mentation displayed less weight loss [91]. It is 
postulated that during sleep the release of leptin, 
a satiety hormone, is increased and modulates 
metabolism. During periods of sleep fragmenta-
tion there is a decrease of leptin in the serum 
resulting in increased caloric intake and lowered 
adipose tissue metabolism in mouse models [89]. 
During pregnancy there is an increase in leptin 
levels; however, after delivery the leptin levels 
precipitously drop which may lead to more 
caloric intake and weight retention in postpartum 
women.

 Consequences of Sleep Disorders 
During Pregnancy on the Fetus 
and Child

The adverse impact of sleep disorders during 
pregnancy on fetal outcomes is less defined com-
pared to the maternal consequences. However, 
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there is growing evidence to suggest that sleep 
disorders in pregnancy may have serious implica-
tions on the short- and long-term health of the 
neonate.

Maternal sleep disordered breathing (SDB) is 
associated with a 1.5–2 times increased risk of 
low birth weight (<tenth percentile) and small for 
gestational age infants [92]. The developing fetus 
needs a constant supply of nutrients, including 
oxygen. It is hypothesized that the intermittent 
episodes of hypoxemia and reoxygenation from 
SDB reduce the placental oxygen delivery to the 
fetus, causing fetal growth restriction (FGR). 
Some studies demonstrate that mothers with 
OSA who experienced nocturnal episodes of 
apnea also had concomitant prolonged fetal 
decelerations [93]. Moderate to severe SDB in 
pregnancy is linked to higher rates of preterm 
deliveries and admissions to neonatal intensive 
care units [92]. A recent retrospective study of 
672 women identified by chart review showed a 
1.3 and 1.5 times greater odds of preterm births 
in patients diagnosed with insomnia and sleep 
apnea, respectively [89].

On the other side of the spectrum of sleep dis-
orders, restless leg syndrome (RLS) and insom-
nia also have a direct and indirect effect on fetal 
outcomes. Studies show an inverse relationship 
between severity of RLS and insomnia symptoms 
and neonatal birth weight and age of birth [77].

Sleep, specifically slow-wave sleep (SWS), is 
a physiologic necessity that is thought to be 
“restorative” in nature; it is an anabolic process 
that is essential for tissue and cell regeneration 
and is upregulated in times of stress like preg-
nancy. This theory is supported by the linear rela-
tionship between the amount of growth hormone 
(GH) secretion and the amount of slow-wave 
non-rapid-eye-movement (NREM) sleep one 
receives [77]. It is further demonstrated by the 
gradual decrease in SWS over an organism’s 
lifespan, correlating with the decreased capacity 
to repair and regenerate cells as we age [77]. 
Understanding this, it is no surprise that poor 
sleep, either in quality, quantity, or continuity is 
associated with the negative health outcomes as 
described above [94]. Women who sleep less 
than 8 h a night during pregnancy have a 2.2 fold 

increased risk of caesarian sections, preterm 
births, and low gestational weight when com-
pared to women with unimpaired sleep patterns 
[95]. In addition, RLS and insomnia can indi-
rectly impact the child by increasing the risk for 
perinatal depression, which can begin within 
pregnancy and persist up to 12 months postpar-
tum [74]. Maternal depression has repeatedly 
been shown to have negative consequences on the 
overall cognitive and socioemotional develop-
ment of an infant [81].

Clinical observations suggest sleep disorders 
in pregnancy are also associated with longer 
labor, higher risk pregnancies, and increased 
mortality risk; though, these claims have yet to be 
substantiated [95]. The long-term physiologic 
impact of sleep disorders in pregnancy on the 
child is still not well known and additional pro-
spective evidence is needed to further 
investigate.

 Nonpharmacological 
and Pharmacological Management 
of Sleep Disorders during 
Pregnancy

 Management of Pre-Existing Sleep 
Disorders

 Narcolepsy
Narcolepsy is a primary sleep disorder that 
affects the sleep-wake cycle with intrusion of 
REM and REM related muscle atonia into wake-
fulness which manifests as excessive daytime 
sleepiness (EDS), and episodes of muscle paraly-
sis or loss in muscle tone while awake termed 
cataplexy. Narcolepsy with cataplexy or type 1 
Narcolepsy is due to a deficiency in the neu-
rotransmitter Orexin [96]. Onset of narcolepsy is 
usually in early teens and therefore can  commonly 
be seen in young women of child-bearing age. 
Management of narcolepsy is usually with stimu-
lant medications such as modafinil and amphet-
amines for the excessive daytime sleepiness, 
while cataplexy is treated with sodium oxybate 
and selective serotonin reuptake inhibitors (SSRI) 
or tricyclic antidepressants (TCA) that act to sup-
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press REM episodes [96]. Due to the concerns 
for the teratogenicity of the medications, non-
pharmacological treatment, discussed below, 
remains first line of treatment of symptoms in 
patients with narcolepsy [97].

 1. Scheduled naps: EDS, the main symptom of 
narcolepsy, leads to impaired daytime perfor-
mance [97]. A scheduled nap can help to alle-
viate the EDS. The exact duration and number 
of naps varies throughout the literature. Two 
afternoon scheduled naps of 15–30  minutes 
duration improves mean wakefulness time, 
increases alertness, and promotes sleep 
latency times. Similarly, an hour-long nap 
about 180 degree out of phase with nocturnal 
midsleep results in improved performance 
[98].

 2. Sleep hygiene: Restful nocturnal sleep is pro-
moted by good sleep hygiene. Sleep hygiene 
includes:

 (a) Avoiding stimulants like caffeine close to 
bedtime and

 (b) Limiting use of electronic devices and 
blue light exposure close to bedtime.

Pharmacological Management
Pharmacological treatment for narcolepsy during 
pregnancy is challenging. There are limited data 
on the safety of the medications available. In 
about 60–80% of cases the physicians elect to 
discontinue the treatment during pregnancy [99]. 
All the groups of medications are pregnancy cat-
egory C. Thus, all the medications remain second 
line of treatment. Medications used for narco-
lepsy is divided into wakefulness promoting 
agents and medications for cataplexy.

Wakefulness Promoting Agents
 1. Caffeine: Caffeine can be used to promote 

wakefulness. Caffeine is equivalent to 
Modafinil in efficacy [100].

 2. Amphetamines and similar agents:
This group includes methylphenidate, 

amphetamines, and methylamphetamine. 
These stimulant group of drugs act at presyn-
aptic dopamine (DA) transporters by compet-

ing with DA for uptake or transport into 
vesicles, thus increasing synaptic dopamine 
levels. At higher concentration, they can 
increase monoamine oxidase (MAO) levels 
by inhibiting its degradation.

Amphetamines were traditionally used for 
narcolepsy in the past. Methamphetamine is 
derived by addition of a methyl group to 
amphetamine, which facilitates penetration 
across the blood–brain barrier. 
Methylphenidate is a derivative of amphet-
amine and is considered less potent than 
amphetamines.

The adverse effects include higher poten-
tial for abuse and tachycardia, hypertension, 
and major cardiovascular side effects. There 
are conflicting reports on teratogenicity of the 
amphetamine groups. There have been reports 
of an increase in cardiac malformation with 
methylphenidate [101]. However, population- 
based epidemiological data from a Danish 
registry failed to show an increased risk of 
congenital malformation with these agents 
[102]. Although the risk described in other 
studies might have been falsely elevated due 
to confounding factors, there still remains a 
lack of safety data.

 3. Non-amphetamine stimulant group
Modafinil is the drug of choice for narco-

lepsy for treatment of EDS in non-pregnant 
patients [103]. Modafinil is a non- 
amphetamine wakefulness promoting agent. 
The drug blocks uptake of dopamine by act-
ing on dopamine receptors. The drug also 
releases histamine from the tuberomammil-
lary nucleus and increases hypocretin release 
from the hypothalamus. The drug has lesser 
abuse potential than amphetamine. The medi-
cation is normally started at 100–200 mg once 
per day with a maximum dose up to 400 mg/
day.

While there have been earlier reports that 
modafinil exposure in the first trimester leads 
to increased congenital abnormalities, a more 
recent report from Sweden did not show this 
association [104, 105]. Therefore, a decision 
with regard to the use of modafinil in preg-
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nancy should be made after careful discussion 
with the patient, especially in the first 
trimester.

Armodafinil belongs to the same class as 
modafinil and has same mechanism of action. 
However, it is more potent and has a longer 
duration of action with a delayed peak onset. 
The main side effects of these non- 
amphetamines include nausea, headache, and 
insomnia.

Medications for Cataplexy

Gamma-hydroxybutyrate (GHB) Group:
Sodium Oxybate: The mechanism of action is 
unclear but it is said to act on the GHB and 
GABA-B receptors. It is the only FDA approved 
medication to treat cataplexy. It has effects on 
cataplexy, sleep paralysis, and nighttime sleep 
disturbances [106].

Other non-FDA Approved Medications

Tricyclic Antidepressants (TCAs)
The medications in this group are imipramine, 
protriptyline, clomipramine. This group of med-
ications acts by increasing norepinephrine, sero-
tonin, and dopamine concentration by reducing 
their uptake. TCAs in addition can also decrease 
sleep paralysis and hypnagogic hallucinations 
[107].

Selective Serotonin Reuptake Inhibitors (SSRIs)
SSRIs are less efficacious than TCAs. Fluoxetine 
is the commonly used SSRI and has less adverse 
effects compared to TCAs [108].

 Management of Pregnancy Induced 
Sleep Disorders

 Insomnia

Nonpharmacological Interventions
Nonpharmacological interventions remain the 
first line of treatment. Promotion of sleep 
hygiene, control of stimulation, and cognitive 

behavior therapy are some of the commonly 
employed nonpharmacological treatments.

Pharmacological Interventions
Medications are reserved for resistant cases. 
Medications used include:

 1. Benzodiazepines (BZDs)
 2. Non-BZD hypnotic agents
 3. Melatonin receptor agonist: Ramelteon
 4. Antidepressants
 5. Antihistamines

BZDs are classified as group D and non-BZD 
hypnotics are classified as group C in terms of 
risk with regard to teratogenicity [109]. Although 
population-based studies failed to show increased 
major congenital risk with BZD and non-BZD, 
there are reports of preterm birth, cesarean deliv-
ery, small for gestational age, and low birth 
weight infants. Infant withdrawal syndrome has 
been reported with all of the above groups [109].

Melatonin has been reported to have protec-
tive effects on fetus, but the safety is yet to be 
determined [110].

Although used widely the safety profile of 
antihistamines is not clearly established.

 Restless Leg Syndrome

Nonpharmacological Treatment
Although there is lack of data from controlled 
studies, the following nonpharmacological mea-
sures are recommended during pregnancy prior 
to pharmacological interventions [111].

While there is stronger evidence in the litera-
ture for some of these measures, others are recom-
mended as part of general practice guidelines.

 1. Exercise: Light to moderate exercise seems to 
alleviate the symptoms [112]

 2. Yoga [74]
 3. Stretches [74]
 4. Sleep Hygiene: Promoting sleep hygiene 

measures [74]
 5. Pneumatic Compression Stockings (PCP): 

PCP has shown to improve symptoms of 
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RLS. Thought to function through stimulation 
of endothelial cells and release of modulating 
mediators and promoting perfusion by reliev-
ing venous and lymphatic congestion [113].

 6. Acupuncture [74]
 7. Repetitive transcranial magnetic stimulation 

[74]

Pharmacological Intervention
Iron supplementation is recommended in all 
patients with low ferritin [74]. There is limited 
evidence supporting supplementation of iron if 
patient does not have low ferritin.

Other Medications
 1. Dopaminergic agents.
 (a) Non-Ergot Dopaminergic Agents: These 

are first line agents in treatment of RLS 
[114]. Ropinirole and pramipexole have 
not shown to increase fetal malformations 
based on few case reports. However, there 
is insufficient safety data on use of these 
medications in pregnancy [111].

 (b) Levodopa: Levodopa/carbidopa combi-
nation therapy can be useful in refractory 
cases. Levodopa taken during the preg-
nancy did not show increased risk of tera-
togenicity [111].

 (c) Ergot-Derived Dopaminergic Agents: 
Includes drugs such as bromocriptine and 
cabergoline. This group of medications is 
not reported to have adverse effects on the 
fetus [111].

Adverse effects of dopaminergic ago-
nists include transient lightheadedness, 
fatigue, insomnia, increased impulse con-
trol disorder, and augmentation. 
Augmentation refers to worsening or 
increasing symptoms or decreased latency 
of symptom appearance. It is important to 
rule out other causes of worsening symp-

toms such as iron deficiency and lifestyle 
changes. The treatment options for aug-
mentation include splitting the medica-
tion into two doses, using an extending 
release medication, or switching to an 
alpha-2-delta calcium channel ligand 
[114].

 2. Benzodiazepines: Clonazepam is the com-
monest benzodiazepine prescribed for 
RLS.  However, there is a risk of neonatal 
withdrawal and issues related to medication 
tolerance limit long-term use [115].

 3. Alpha-2-Delta Calcium Ligands: Includes 
drugs such as gabapentin and pregabalin. 
These medications may be particularly 
helpful if patient has concurrent neuropathy 
or chronic pain syndrome or in patients with 
impulse control disorders. However, there 
are some reports of developmental delay/
impairment in animal studies. The risks 
during human pregnancy are unknown 
[116].

Table 29.2 summarizes all of the nonpharma-
cological and pharmacological approaches to 
management of sleep disorders during 
pregnancy.

 Management of SDB
Pregnant patients with symptoms suspicious of 
OSA should be referred for sleep study and 
should be treated appropriately. Although there 
are no randomized trials on the safety of CPAP in 
pregnancy, it is generally considered safe [117]. 
Patients with diagnosed OSA should be treated 
with CPAP with goal of normalizing the AHI and 
sleep patterns. Peripartum care should include 
close observation for opioid-induced respiratory 
depression and hypoventilation. In patients with 
severe OSA, comorbid cardiovascular disease 
should be ruled out.
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Table 29.2 Management of sleep disorders in pregnancy, pregnancy risk category of pharmacological agents, and 
reported pregnancy and fetal risk 

Insomnia
Pregnancy 
category Pregnancy and fetal risk

Nonpharmacological 
measures

Cognitive behavioral 
therapy
Sleep hygiene

Benzodiazepines Oxazepam
Lorazepam
Flurazepam
Temazepam

C May increase risk of cleft palate, cleft 
lip
Increased preterm delivery

Zolpidem-B B Increased preterm delivery, low birth 
weight

Non-benzodiazepine 
hypnotics

Cyclopyrrolones:
Zopiclone
Eszopiclone

C

Antidepressants Trazadone C Unknown
Fluoxetine C Cardiovascular defects Cranial 

abnormalities

Restless leg syndrome
Pregnancy 
category Teratogenicity

Nonpharmacological 
measures

Aerobic exercises
Pneumatic compression 
stockings
Stretches
Acupuncture
Transcranial magnetic 
stimulation
Sleep hygiene

Non-ergot dopaminergic 
agents

Levodopa B
Ropinirole
Pramipexole
Rotigotine

C Insufficient data

Ergot dopaminergic agents Bromocriptine
Pergolide
Cabergoline

B Fibrotic reactions

Benzodiazepine Clonazepam C Newborn hypotonia
Fetal distress

Antiepileptic agents Gabapentin
Carbamazepine

C Low birth weight
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 Introduction

This chapter is important because of the overlap 
in otologic and neurotologic symptoms during 
pregnancy and need for co-management. The 
physiologic changes during pregnancy altering 
metabolism, autonomic function, hormonal 
changes, and emotional stress can impact the 
hearing and balance systems and manifest as 
audiologic and vestibular symptoms such as 
hearing loss, aural fullness, tinnitus, and vertigo 
[1]. However, the obstetrician acting as primary 
care provider during pregnancy may be less 
familiar with diagnosis and management of oto-
logic and neurotologic disorders; for example, 
morning sickness is a common disorder in first 
trimester pregnancy, yet may be challenging to 
distinguish from nausea associated with an acute 
vertigo attack. Conversely, while the otologist 

and neurotologist are familiar with diagnosing 
and treating hearing and balance disorders as 
well as cranial nerve pathologies, they may be 
less familiar with their association with physio-
logic changes of pregnancy or safety guidelines 
for therapeutic options during pregnancy [2]; 
many may default to opt against treatment alto-
gether out of consideration for the challenges of 
maternal and fetal risk. Therefore, it is important 
to review select otologic and neurotologic disor-
ders and complaints that may present during 
pregnancy and examine available treatment 
options. The highest prevalence of up to 22% is 
seen among the <29 age group [3].

 Menière Disease/Endolymphatic 
Hydrops

Menière disease is an otologic disorder charac-
terized by the classic triad of spontaneous bouts 
of true rotational vertigo associated with low- 
frequency sensorineural hearing loss and tinni-
tus. A fourth symptom is aural pressure and 
fullness, which reflects endolymphatic hydrops. 
Menière disease most commonly presents in 
adults between ages 40 and 60, with U.S. preva-
lence approximately 190 per 100,000. Increased 
incidence is seen with aging and female gender, 
with one study reporting a 1.9:1 female:male 
ratio [4]. Menière disease is typically unilateral, 
though 24% of patients may be diagnosed with 
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bilateral Menière disease and 11% at presenta-
tion [5]. Bilateral disease is more common with 
family history of Menière disease and earlier age 
of disease onset [6]. The degenerative disease 
course can lead to permanent sensorineural hear-
ing loss. Vertigo may spontaneously cease in over 
half of cases after 2 years and 71% at 8 years [7]. 
There is a great deal of clinical overlap between 
Menière disease and vestibular migraine which 
will be discussed later. It was in 1861 that Prosper 
Menière made the connection between the inner 
ear and vertigo with hearing loss; however, this 
was the same year that Abraham Lincoln was 
inaugurated as the 16th President of the USA. It 
has been suggested that Menière disease is actu-
ally vestibular migraine [8].

The pathogenesis of Menière disease remains 
unclear. Endolymphatic hydrops, or distention of 
the endolymphatic space within the inner ear, is 
observed in virtually all cases of Menière disease 
and degree of endolymphatic hydrops has been 
correlated to symptom severity, yet not all causes 
of endolymphatic hydrops develop Menière dis-
ease, leading to belief that it is a necessary but 
not sufficient component of Menière disease 
(Fig. 30.1) [9–11]. One theory holds that hydrops 
distension of the endolymphatic duct causes 
membrane rupture, allowing potassium-rich 
endolymph to leak in to the perilymphatic space 
and contact basilar hair cells, causing excitation 
and episodic vertigo due to rotational receptor 
asymmetric afferent input, while repeat exposure 

Fig. 30.1 Endolymphatic hydrops. The central compart-
ment of the inner ear, the scala media, and endolymphatic 
duct is filled with a unique fluid of the body. It is high in 
potassium and low in sodium, whereas every other fluid in 
the body is high in sodium and low in potassium. This 
fluid composition is essential for the function and survival 
of the hair cells of the hearing and balance end-organs. 
With endolymphatic hydrops, Reissner membrane is dis-
tended from the normal position (dotted line) as high-
lighted by the small arrows within the cochlea. In addition, 

within the vestibular portion of the inner ear, in the vesti-
bule where the gravitational (otolithic) receptors are 
located, endolymphatic hydrops results in distention as 
well (small arrows). The endolymphatic sac is both the 
site of the immunologic interface between the inner ear 
and the rest of the body, as well as being responsible for 
the absorption of endolymph produced within the inner 
ear. (Published with permission, Copyright © 
P.A. Wackym)
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of vestibular hair cells to toxic levels of 
potassium- rich endolymph may cause longitudi-
nal progressive hearing loss. However, more 
recent in vivo studies indicate this model may not 
adequately explain attacks and suggest a different 
theory involving excess endolymph forcing open 
the utriculo-endolymphatic valve due to high 
pressures, causing vertigo with fluid entry into 
the vestibule, cochlear fluid shift causing hearing 
symptoms, and oxidative stress causing long- 
term damage to inner ear structures [12]. A num-
ber of different contributing factors, including 
infection, autoimmunity, genetics, ischemia, 
vasospasm, mechanical dysfunction, and trauma 
have also been implicated in Menière disease, 
suggesting multifactorial etiology [12–15].

Typical clinical presentation of Menière dis-
ease consists of acute attacks of true vertigo 
(96.2%) lasting 20 min to 12 h, associated with 
unilateral hearing loss (87.7%) and ipsilateral 
non-pulsatile tinnitus (91.1%), as well as possi-
ble aural fullness [16]. Nausea, vomiting, perspi-
ration, and diarrhea may accompany attacks, and 
intensification of tinnitus may precede attacks. 
Patients may initially present with only auditory 
or vestibular symptoms, though both are needed 
for eventual diagnosis [12]. Caffeine, sodium 
intake, stress, and changes in barometric pressure 
have been suggested as triggers of Menière dis-
ease attacks [17, 18]. Attacks may vary in fre-
quency and severity, with normalized auditory 
and vestibular function between attacks. 
Symptoms may greatly affect quality of life, 
especially among patients with bilateral symp-
toms and progression to permanent hearing loss 
[19]. Less frequently and later in disease course, 
approximately 5% of patients may have danger-
ous “drop attacks,” termed an otolithic crisis of 
Tumarkin, in which sudden otolithic asymmetry 
occurs and can result in falls [20].

Diagnosis can be made with clinical history 
fitting pattern of Menière disease, and physical 
exam, audiometric and vestibular testing can 
confirm diagnosis. Definitive diagnostic criteria 
include: (A) 2+ spontaneous vertigo episodes 
lasting 20  min to 12  h; (B) documented low- 
frequency sensorineural hearing loss >30 dB; (C) 
fluctuating aural symptoms in the affected ear; 

and, (D) not better explained by another vestibu-
lar disorder (probable diagnostic criteria include 
A, C, and D).

Careful history-taking should distinguish 
Menière disease from alternative causes of epi-
sodic vertigo. Benign paroxysmal positional ver-
tigo, third window syndrome, or perilymph fistula 
vertigo attacks should last only seconds- minutes; 
vestibular migraine attacks should be variable 
duration and have migraine features without hear-
ing loss, although one-third of vestibular migraine 
patients have endolymphatic hydrops and some 
can also have sensorineural hearing loss caused 
by vestibular migraine attacks (see section 
“Vestibular Migraine”); vestibular neuritis (no 
hearing loss) or labyrinthitis (with hearing loss) 
should last >24  h; acoustic neuroma (vestibular 
schwannoma) or trauma can present with chronic 
symptoms. Bilateral vestibular loss is more com-
mon in ototoxicity, autoimmune inner ear disease, 
or familial disorders. Audiometric testing should 
be performed in all suspected Menière disease 
patients and shows a characteristic pattern of nor-
mal mid-frequency hearing with low-frequency or 
low- and high- frequency sensorineural hearing 
loss [21]. Physical examination should include 
cardiovascular and orthostatic blood pressure 
examination to rule out cardiogenic or hypovole-
mic-related dizziness, cranial nerve, cerebellar 
and gait examinations to rule out non-vestibular 
causes of vertigo, and otoscopy to rule out exter-
nal or middle ear pathology. Weber and Rinne 
testing can identify patterns of hearing loss before 
audiometric studies are completed. Dix-Hallpike 
testing can rule out BPPV (Fig. 30.2). In Menière 
disease, physical exam findings are minimal 
between attacks and early in disease course. 
Vestibular testing via videonystagmography or 
video head- impulse testing may show weakened 
caloric response or decreased gain in the ipsilateral 
ear between attacks late in disease course. Though 
rarely presenting during active attacks, 60–70% of 
these patients exhibit head-shaking nystagmus and 
altered vestibulo-ocular reflexes on head- impulse 
tests (HIT) [22, 23]. Electrocochleography 
(ECoG) is highly specific for endolymphatic 
hydrops, which is also seen in Menière disease, 
and can be useful in confirming diagnosis in the 
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a b

Fig. 30.2 Dix-Hallpike maneuver for the physical diag-
nosis of benign paroxysmal positional vertigo. In per-
forming the Dix-Hallpike maneuver, the patient is taken 
rapidly from the sitting to the left head-hanging (a) and 

right head-hanging (b) positions. This maneuver elicits 
nystagmus characteristic of benign paroxysmal positional 
vertigo. (Published with permission, Copyright © 
P.A. Wackym)

setting of less clear findings [24]. Imaging is not 
routinely indicated, but MRI of the internal audi-
tory canal with and without contrast may be indi-
cated in the setting of unilateral tinnitus and/or 
asymmetric sensorineural hearing loss and/or 
sudden sensorineural hearing loss to rule out 
alternate diagnoses such as vestibular  schwannoma 
(acoustic neuroma), aneurysm, multiple sclerosis, 
or Chiari malformation [25]. High resolution MRI 
after injection of gadolinium into the middle ear is 
sensitive for visualizing endolymphatic hydrops 
in Menière disease patients, but is not approved 
for this specific use by the United States Food and 
Drug Administration (FDA) [12]. Recently, 3T 
MRI with intravenous contrast has been reported 
to demonstrate endolymphatic hydrops and dis-
tention of the endolymphatic space that correlates 
with treatment and resolution of symptoms in 
Menière disease patients [26].

Due to unclear pathologic basis of Menière 
disease, treatment of Menière disease consists 
of symptomatic control rather than curative 
therapy. First-line therapy consists of lifestyle 
modification such as dietary sodium restriction 
(<1500  mg daily), adequate sleep, and trigger 
avoidance such as caffeine, stress, and baromet-
ric pressure changes [27]. Diuretics targeting 
fluid volume of endolymphatic hydrops are 

effective at limiting vertigo frequency, with pos-
sible benefits for long-term hearing deteriora-
tion [28]; common options include 
hydrochlorothiazide (HCTZ)-triamterene, acet-
azolamide, and spironolactone. Betahistine is 
commonly used in Europe to decrease vertigo 
attacks but is not approved for use by the FDA 
in the USA [29]. In the USA, betahistine is com-
monly prepared at compounding pharmacies or 
obtained from Canadian pharmacies. Symptoms 
of vertigo with acute Menière disease attacks 
can be treated with short-onset vestibular sup-
pressants including benzodiazepines as a first-
line treatment (diazepam, lorazepam, 
clonazepam), anticholinergics (scopolamine), 
and phenothiazine (promethazine) [27]. 
Meclizine, an antihistamine, should not be used 
due to lack of efficacy and adverse side effects. 
Nausea and vomiting can be treated with anti-
emetics including ondansetron and prometha-
zine. Oral corticosteroids may be intermittently 
used for symptom exacerbation, though this is 
largely based on expert opinion without signifi-
cant clinical trials [30, 31]. Due to association 
and increased incidence of migraine and allergy 
among Menière disease patients, adequate 
avoidance and prophylactic treatment of these 
disorders in comorbid patients can reduce fre-
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quency and severity of Menière disease attacks 
[12, 27, 32–35]. Vestibular rehabilitation ther-
apy may be helpful as well, especially in later 
stages of Menière disease [36]. Hearing loss 
later in disease progression can be treated with 
hearing aids or cochlear implantation versus 
contralateral routing of signal (CROS) hearing 
aid system, depending on hearing preserved ver-
sus poor word recognition. Tinnitus can be man-
aged as in other disorders with emotional 
distress reduction via cognitive behavioral ther-
apy (CBT), yoga, biofeedback, and meditation 
[37], and sound therapy options including tin-
nitus maskers, white noise generators, hearing 
amplification, and cochlear implantation.

For patients with Menière disease symptoms 
uncontrolled with conservative medical therapy, 
vestibular and hearing preservation techniques 
(intratympanic steroid injection, endolymphatic 
sac decompression) and secondarily with vestib-
ular ablation techniques (intratympanic gentami-
cin injection, labyrinthectomy, and vestibular 
nerve section) are potential options [38]. Patients 
may escalate through these options as needed, 
but with careful decision-making emphasizing 
hearing preservation in bilateral Menière disease 
[38]. Like oral corticosteroid treatment, intratym-
panic corticosteroid injection is an available out-
patient option for use while maintaining medical 
therapy to decrease Menière disease symptoms, 
but without systemic side effects; injections have 
been shown some efficacy in improving Menière 
disease symptoms and can be repeated as needed. 
Endolymphatic sac decompression, in which a 
transmastoid craniectomy is performed to expose 
the posterior fossa dura and isolate the extradural 
endolymphatic sac, reduces endolymphatic pres-
sure by removing the bony covering and allowing 
expansion or opening of the endolymphatic sac 
and perfusing corticosteroids. Historically, endo-
lymphatic sac shunt placement for drainage was 
popular before ultrastructural study revealed that 
the endolymphatic sac is a series of tubules rather 
than a sac with a single lumen [39–41]. A meta- 
analysis showed endolymphatic sac decompres-
sion is effective in controlling vertigo in 75% of 
medication refractory Menière disease patients 
with good preservation of hearing in most patients 

[42]; quality of life improved for 87% of patients 
undergoing endolymphatic sac decompression 
[43]. For patients refractory to these procedures, 
vestibular ablative techniques can be used to 
eradicate Menière disease symptoms by eliminat-
ing remaining vestibular function in the affected 
ear. Intratympanic gentamicin injection, or chem-
ical labyrinthectomy, acts as deliberate ototoxic-
ity to the vestibular system; it may be even more 
effective in combination with intratympanic ste-
roid injection [44]. Gentamicin is more vestibu-
lotoxic than ototoxic. While curative for 
vestibular symptoms in 83–90% of patients, out-
comes have shown complication of worsened 
hearing in 25–32% of patients [45, 46]. Next, 
neurectomy of the vestibular nerve via a middle 
cranial fossa, translabyrinthine, retrolabyrin-
thine, or retrosigmoid approach can relieve ver-
tigo symptoms. While each approach controls 
vertigo in >90% of patients, the retrosigmoid 
approach carries the lowest rate of hearing loss, 
facial nerve injury, and CSF leak. Finally, laby-
rinthectomy can be the last definitive treatment 
for refractory vertigo in Menière disease through 
destruction of the inner ear, with up to 99% con-
trol of vertigo following transmastoid labyrin-
thectomy [47, 48]. As it destroys natural hearing 
in the operative ear, patients with disabling uni-
lateral Menière disease and poor hearing are ideal 
candidates; CROS, Baha, Osio, BoneBridge, and 
cochlear implantation are potential hearing reha-
bilitation options following labyrinthectomy.

 Pregnancy

Isolated complaint of ringing or tinnitus is a com-
mon finding in pregnancy. Normal physiologic 
changes of pregnancy, including raised perilym-
phatic fluid pressure, hyperdynamic circulation, 
and hormonal changes can all contribute to devel-
opment of tinnitus [49]. As many as 33% of 
women complain of tinnitus during pregnancy 
compared to 11% of non-pregnant women, with 
transient course that is relieved with delivery [50, 
51]. While the symptom itself in isolation is tem-
porary, benign, and often tolerable, tinnitus can 
be an early warning sign for preeclampsia or ges-
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tational hypertension and may warrant further 
monitoring [52]. Rarely, isolated tinnitus has 
proved severe enough to warrant caesarian deliv-
ery at 34 weeks’ gestation [53].

Unlike isolated tinnitus, Menière disease is a 
rare finding in pregnancy. Wu et al.’s study of oto-
logic presentations among 68 pregnant women 
found only 3 cases of Menière disease (4.4%), 
while Swain et al. documented only 1 among 82 
patients (1.2%) [1, 49]. Worsening in existing 
Menière disease can be seen early during preg-
nancy due to water retention causing reduced 
serum osmolarity, altering osmotic gradients in 
the membranous labyrinth [50, 54]. However, as 
serum osmolarity can normalize after the fourth 
month, Menière disease attacks may actually 
decline through gestation. Uchide et al. described 
a patient with Menière disease who experienced 
up to 10 attacks per month in first trimester, 
resolving during later gestation [54]; likewise, all 
three reported cases in Wu et al. had vertiginous 
episodes prior to the fourth month, supporting 
this hypothesis [1]. One case even reported a 
Menière disease patient with comorbid vestibular 
migraine who saw audiometry-confirmed objec-
tive hearing improvement following her first tri-
mester, followed by decrease to baseline after 
delivery, with repeated pattern in a second preg-
nancy [55]. Stevens et al. proposed the hormonal 
changes of pregnancy may actually be protective 
against Menière disease attacks, citing studies 
showing decreased attacks while on estrogen 
birth control and leuprolide [55]. Andrews and 
Honrubia similarly discussed how Menière dis-
ease can be exacerbated by premenstrual (late 
luteal) phase of the menstrual cycle and presented 
a case of Menière disease relieved by pregnancy 
and postpartum period on estrogen birth control 
[56]. Significant Menière disease vertigo 
improvement was seen in women with premen-
strual syndrome upon postmenses [57].

Few studies of Menière disease treatment in 
pregnancy have been conducted. Diazepam, 
though effective for vertigo in Menière disease, is 
contraindicated as a Class D medication during 
pregnancy [54]. Diuretic use should be avoided 
during pregnancy, especially during second and 
third trimester due to risk of hyponatremia, 

hyperbilirubinemia, thrombocytopenia, placental 
hypoperfusion, and preeclampsia [58, 59]. 
Vlastarakos et  al. and Wu et  al. recommend 
dimenhydrinate and B6 (Class B) for Menière 
disease attacks to decrease fetal risk [1, 60]. 
Sherlie et  al. also recommended meclizine for 
acute attacks, and metoclopramide (Class B) for 
intractable vomiting [2]. Treatment of the under-
lying disorder should wait until the pregnancy 
has been completed and delivery achieved.

Since migraine disorders including vestibular 
migraine have elevated incidence in pregnancy, 
treatment and control of comorbid migraine is 
important to limiting Menière disease attacks, 
which may actually represent vestibular migraine.

 Vestibular Migraine

Vestibular migraine, alternately known as 
migrainous vertigo, migraine-associated dizzi-
ness, or benign positional vertigo of childhood 
(unfortunate term as it is not associated with 
benign positional vertigo), is a disorder consist-
ing of bouts of vertigo directly caused by 
migraine mechanisms. Clinical symptoms of 
vestibular migraine include vertigo associated 
with migraine-type headache (unilateral, pulsa-
tile headache of varying severity) with associ-
ated photophobia, phonophobia, and/or visual 
aura, accompanied by nausea, motion sensitiv-
ity, and/or imbalance. However, migraine head-
ache only occurs with vestibular migraine 
episodes 10–30% of the time. Onset of vertigo 
is variable; it may present antecedent to the 
headache as an aura, beginning with headache, 
appear later in headache phase, or even without 
headache. Hearing loss and tinnitus are not 
often seen but have been reported [61]. Unlike 
benign paroxysmal positional vertigo or 
Menière disease, which can often be diagnosed 
by specific duration of vertigo, vestibular 
migraine-associated vertigo is quite variable 
and can last seconds, minutes, hours or even 
days. Often if a patient can sleep the symptoms 
are resolved upon awakening. Like migraine, 
vestibular migraine may be triggered by stress, 
dehydration, irregular sleep, menstruation, caf-
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feine, and certain foods such as aged cheeses, 
red wine, monosodium glutamate (MSG), and 
chocolate. Many patients may also have a fam-
ily history of vestibular migraine or family 
members with similar symptoms [62]; the high 
female:male ratio suggests the possibility of an 
autosomal dominant inheritance pattern with 
decreased penetrance in males [62, 63]. Wackym 
et al. have reported that migraine headaches and 
vestibular migraine can also be associated with 
third window syndrome and resolve or improve 
after surgical management [64–66].

 Pathophysiology

While the pathophysiology of vestibular 
migraine and migraine in general is not fully 
understood, because many migraine patients 
report high rates of episodic vertigo (20–33%) 
[67–71], motion sickness [70, 72, 73], and 
peripheral (25%) [74] or central vestibular 
abnormalities [75, 76], vestibular involvement 
may be a characteristic part of migraine disor-
ders. Like migraine, vestibular migraine may 
have multiple potential mechanisms of action 
that are not mutually exclusive.

• Vestibular migraine may represent migraine 
aura when preceding headache or lasting for a 
short duration (<60  min); whereas typical 
migraine aura is understood as cortical spread-
ing depression (a wave of neuronal/glial depo-
larization), vestibular migraine may be either 
a “brainstem aura” of noncortical spreading 
depression, or alternatively a projection of 
cortical spreading depression to vestibular 
nuclei via the posterior parietal cortex [74, 
76]. Only 10–30% of the time are vestibular 
migraine and migraine headaches concurrent.

• Vestibular migraine may be due to stimula-
tion of the trigeminovascular system when 
vestibular symptoms are longer-lasting. This 
proposed mechanism involves stimulation of 
trigeminal nucleus neurons causing vasodila-
tion and release of inflammatory neuropep-
tides such as substance P, neurokinin A, and 
calcitonin gene-related peptide (CGRP); this 

pathway has been shown to cause migraine 
headache, and vestibular receptors for CGRP 
are distributed within the inner ear. Likewise, 
connections between vestibular and trigemi-
nal nuclei linked to migraine may also con-
nect vestibular and trigeminal processes [74]. 
The vestibular efferent system is largely 
based upon CGRP as the neuromodulator 
innervating the primary afferent neurons for 
type I and type II hair cells, directly innervat-
ing type II hair cells and rarely directly inner-
vating the type I hair cells in the vestibular 
periphery [77].

• Channelopathies may play a role in vestibu-
lar migraine pathogenesis; 50% of patients 
with episodic ataxia type 2 have migraine, and 
familial hemiplegic migraine is due to abnor-
mality of the same calcium channel [78, 79].

• Migraine-induced ischemia of the inner ear 
can cause cochlear/labyrinth injury and ves-
tibular migraine symptoms as well as hearing 
loss [74, 80].

• For some, vestibular migraine attacks may be 
due to sensory sensitivity; migraine patients 
have been shown to have reduced threshold to 
light, sound, smell, and tactile stimuli, as well 
as motion, optokinetic, and vestibular stimuli 
[74, 81].

• Vertigo may act as a migraine trigger; in one 
study, 49% of patients with migraine history 
experienced migraine attack with vestibular 
testing, compared to 5% of controls [72].

• Hormonal changes are often associated with 
the onset of, change of, or resolution of 
migraine headaches or the three variants of 
migraine: vestibular migraine, ocular 
migraine, or hemiplegic migraine. These 
changes can occur at four physiologic changes 
in hormones for both sexes: (1) children 
affected can have improvement or resolution 
transitioning through puberty; (2) young 
women, classically during a first pregnancy, 
can have the onset of migraine headaches and 
variants; (3) at menopause the migraine head-
aches and variants can start, or the character of 
the migraine headaches can change, or the 
migraine headaches may resolve and the vari-
ants can start; and (4) men in their 50s and 60s 
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as their testosterone levels decline may also 
have changes in their migraine headaches or 
variants.

Like migraine, diagnosis of vestibular 
migraine relies largely on patient history and 
clinical symptoms; vestibular migraine patients 
are usually asymptomatic in the symptom-free 
period, although 10–20% of vestibular migraine 
patients may exhibit hyperactivity to unilateral 
caloric stimulation, and mild central oculomotor 
deficits may be seen [76, 82]. Diagnostic criteria 
per International Classification of Headache 
Disorders, third ed., include a current or past his-

tory of migraine with or without aura, and ≥5 
episodes consisting of: (1) vestibular symptoms 
of moderate-severe intensity lasting 5 min–72 h, 
and (2) at least half of episodes associated with 
migraine headache features, photophobia and 
phonophobia, or visual aura (Table 30.1) [83].

Treatment of vestibular migraine consists of 
avoidance of migraine triggers, such as sleep and 
diet modification, and may include acute and 
prophylactic therapy for treatment of vestibular 
migraine attacks. Because most available data on 
vestibular migraine treatment comes from case 
reports and retrospective studies, the efficacy of 
these treatments is not well-evaluated. As a 2015 

Table 30.1 Diagnostic criteria for vestibular migraine

Vestibular migraine: ICHD-3 diagnostic criteria
A. At least five episodes fulfilling criteria C and D
B.  A current or past history of 1.1 Migraine without aura or 1.2 Migraine with auraa

C.  Vestibular symptomsb of moderate or severe intensity,c lasting between 5 min and 72 hd

D.  At least half of episodes are associated with at least one of the following three migrainous features:e

   1.  Headache with at least two of the following four characteristics:
    (a) Unilateral location
    (b) Pulsating quality
    (c) Moderate or severe intensity
    (d)  Aggravation by routine physical activity
   2. Photophobia and phonophobiaf

   3. Visual aura
E.  Not better accounted for by another ICHD-3 diagnosis or by another vestibular disorder

ICHD-3 International Classification of Headache Disorders, 3rd ed
aCode also for the underlying migraine diagnosis
bVestibular symptoms, as defined by the Bárány Society’s Classification of Vestibular Symptoms and qualifying for a 
diagnosis of A1.6.6 Vestibular migraine, include:
 (a) spontaneous vertigo
  • internal vertigo (a false sensation of self-motion)
  •  external vertigo (a false sensation that the visual surround is spinning or flowing)
 (b)  positional vertigo, occurring after a change of head position
 (c)  visually induced vertigo, triggered by a complex or large moving visual stimulus
 (d)  head motion-induced vertigo, occurring during head motion
 (e)  head motion-induced dizziness with nausea (dizziness is characterized by a sensation of disturbed spatial orienta-

tion; other forms of dizziness are currently not included in the classification of vestibular migraine)
cVestibular symptoms are rated moderate when they interfere with but do not prevent daily activities and severe when 
daily activities cannot be continued
dDuration of episodes is highly variable. About 30% of patients have episodes lasting minutes, 30% have attacks for 
hours and another 30% have attacks over several days. The remaining 10% have attacks lasting seconds only, which 
tend to occur repeatedly during head motion, visual stimulation, or after changes of head position. In these patients, 
episode duration is defined as the total period during which short attacks recur. At the other end of the spectrum, there 
are patients who may take 4 weeks to recover fully from an episode. However, the core episode rarely exceeds 72 h
eOne symptom is sufficient during a single episode. Different symptoms may occur during different episodes. Associated 
symptoms may occur before, during, or after the vestibular symptoms
fHistory and physical examinations do not suggest another vestibular disorder or such a disorder has been considered 
but ruled out by appropriate investigations or such a disorder is present as a comorbid condition but episodes can be 
clearly differentiated. Migraine attacks may be induced by vestibular stimulation. Therefore, the differential diagnosis 
should include other vestibular disorders complicated by superimposed migraine attacks
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Cochrane review found insufficient randomized 
clinical trials of pharmacotherapy in vestibular 
migraine, treatment options are drawn from effi-
cacy in migraine or vestibular migraine studies 
of small sample size [84]. Considerations in tai-
loring therapy include frequency/duration of 
attacks, medication side effects, and patient 
comorbidities.

Acute attacks with significant nausea or ver-
tigo symptoms can be treated with vestibular sup-
pressants including benzodiazepines (diazepam, 
lorazepam), antiemetics (prochlorperazine, 
meclizine, dimenhydrinate, metoclopramide, 
cyclizine), or antihistamines (promethazine) [61, 
70, 85, 86]. Triptans (sumatriptan, zolmitriptan, 
rizatriptan) are commonly used for acute migraine 
treatment and have been shown efficacious in 
vertigo in some smaller vestibular migraine stud-
ies, but are not routinely used to treat acute ves-
tibular migraine attacks unless the attacks precede 
or include headache symptoms [87–90]; para-
doxically, a case series noted triptans may allevi-
ate vertigo but actually trigger or exacerbate 
headache [91]. Intravenous methylprednisolone 
has also been used to abort prolonged attack [92].

Prophylactic therapy also lacks evidence from 
large randomized clinical trials and is largely 
drawn from migraine and vestibular disorder 
treatments. It can be considered in patients with 
frequent or severe symptoms not adequately 
treated with acute therapy and can be tailored 
based on individual risk profiles and patient 
comorbidities. Options include beta-blockers 
(propranolol, metoprolol) [76, 93, 94], tricyclic 
antidepressants (amitriptyline, nortriptyline) [70, 
87, 95–97], or antiepileptics (topiramate, 
lamotrigine, valproate) [98–101]; Serotonin and 
norepinephrine reuptake inhibitors (SNRIs) such 
as venlafaxine may be useful especially with pre-
dominant vestibular symptoms or comorbid anxi-
ety or depression, though they may worsen 
headaches [94, 102]. Calcium channel blockers 
(verapamil, flunarizine, betahistine) may be use-
ful with vestibular aura or aura-predominant 
symptoms [95, 103]. Antihistamines can reduce 
headache and vertigo symptoms [104]. Non- 
pharmacologic options such as meditation, cog-
nitive behavioral therapy (CBT), and vestibular 

rehabilitation may also be helpful in managing 
vestibular migraine attacks [105–107].

Age has been shown to be a risk factor for 
development of vestibular migraine [74]; one 
study found vestibular migraine to occur more 
often among individuals <40 years of age [108]. 
Benign paroxysmal vertigo of childhood (which 
has nothing in common with benign paroxysmal 
positional vertigo) is vestibular migraine in chil-
dren, and some may develop more intense 
migraine disorders and vestibular migraine in 
adulthood [98, 109]. Migraine disorders gener-
ally follow a pattern of female preponderance 
following puberty, with women 2–3 times more 
likely than men to be affected. With high lifetime 
expected prevalence of migraine (16%) and ver-
tigo (7%) in the general population, expected 
comorbidity of the two is 1.1%. However, the 
actual comorbidity rate seen is higher, at 3.2%, 
as individuals with migraine have been shown to 
be likelier to have occurrence of vertigo [61, 
110]. Definite diagnosis of vestibular migraine 
has been estimated at 0.98% of the general popu-
lation, and as high as 9% among migraine 
patients [110, 111]. Vestibular migraine has been 
previously reported to have a predilection for 
female gender among adolescents [112–115], 
and this gender disparity is seen among adult 
females as well, with women 1.5–5 times more 
likely to be diagnosed with vestibular migraine 
[70, 76, 111, 116]. Migraine disorders appear to 
have an even higher predilection during preg-
nancy, with as many as 23.8% of women report-
ing migraines during their first trimester [117]. 
Women with pre-existing headaches are also 
more likely to experience migraines during preg-
nancy. Because many women (63.6%) also expe-
rience first trimester dizziness, most frequently 
vertigo (35.7%), a portion of individuals in this 
population may be expected to meet vestibular 
migraine criteria [118]. While no large cohort 
studies have been conducted regarding vestibu-
lar migraine in pregnancy, a number of case 
reports and case series discuss vestibular 
migraine in pregnancy. A study of Taiwanese 
patients presenting to a neurotology clinic for 
new-onset complaints during pregnancy found 
vestibular migraine to account for 50% of cases 
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[1]. Based on risk factors of age and sex, child-
bearing-age females may be at higher risk of 
vestibular migraine independent of pregnancy. 
However, as neuroactive steroids modulate the 
neurotransmitter system involved in the patho-
genesis of migraine disorders, women have been 
shown to experience higher rates of migraine 
headache during times of unstable hormonal 
fluctuation such as peripartum or perimeno-
pausal periods [119]; this pathophysiology may 
play a role in the increased rates of vestibular 
symptoms and vestibular migraine seen in preg-
nant patients as well [1, 50].

Though non-pharmacologic options such as 
diet, sleep, meditation, and trigger modifica-
tions are generally preferable for migraine treat-
ment in pregnancy to avoid fetal risk, untreated 
or inadequately treated migraine can cause poor 
oral intake, poor sleep, or dehydration, increas-
ing both maternal and fetal risk [120, 121]. 
Therefore, symptom relief versus fetal risk 
should be weighed for therapeutic options. 
Clinicians should consult professional society 
guidelines or FDA pregnancy and lactation 
labeling for up-to- date information on risk–ben-
efit counseling. For acute attacks, a number of 
safe options exist. H1 antihistamines are effec-
tive for vestibular nausea [122]. Meclizine and 
dimenhydrinate (Category B) are antiemetics 
with lowest risk of teratogenicity; metoclo-
pramide is also safe for use for continuous vom-
iting, and ondansetron second line due to less 
evidence [60]. Vitamin B6 also appears effective 
and safe, while betahistine should be avoided 
[123, 124]. For prophylaxis, beta-blockers and 
tricyclic antidepressants are considered safest 
during pregnancy, especially post-first trimes-
ter  [121]. Antiepileptics like topiramate, 
zonisamide, and valproic acid carry significant 
fetal risks and are contraindicated.

While one study of headache in pregnancy 
found migraine headache to be by far the most 
common (65%), a number of serious causes of 
headache secondary to hypertension can present 
in pregnancy (18%), including preeclampsia or 
eclampsia, posterior reversible encephalopathy 
syndrome (PRES), acute hypertension, hemoly-
sis/elevated liver enzymes/low platelet count syn-

drome (HELLP), or reversible cerebral 
vasoconstriction syndrome (RCVS) [125]. Less 
common etiologies include pituitary adenoma/
apoplexy (4%), intercurrent infection (2%), 
pneumocephalus (2%), cerebral venous thrombo-
sis (1%), ictal headache (1%), intracranial hem-
orrhage (1%), and others (5%) [121]. Because of 
this significant minority of non-migraine head-
aches arising during pregnancy, patients present-
ing for suspected vestibular migraine or 
vertiginous complaints including symptoms of 
headache should undergo adequate history and 
workup to rule out more serious underlying con-
ditions. The approach to evaluation and manage-
ment of the pregnant patient with headache is 
discussed in detail in Chap. 27.

Vestibular migraine carries high comorbidity 
with psychiatric disorders, with comorbid anxi-
ety seen in as high as 65% of patients among the 
general population [126]. Since pregnancy car-
ries unique risks for additional psychiatric 
comorbidity, including peripartum depression 
and anxiety in as high as 20% of women, clini-
cians treating vestibular migraine in particular 
should consider screening for comorbid anxiety 
and depression among their patients [127]. 
Likewise, clinicians may opt for vestibular 
migraine treatment effective for comorbid anxi-
ety and depression, including CBT, selective 
serotonin reuptake inhibitors (SSRIs), SNRIs, 
and tricyclic antidepressants [95, 102, 128, 
129]. Considerations for managing mental 
health disorders during pregnancy are described 
in Chap. 31.

 Otosclerosis

Otosclerosis is a disease process resulting in 
slow, progressive conductive hearing loss due 
to osseous dyscrasia within the temporal bone. 
The disease is found in up to 12% of Caucasians, 
though only 0.3–0.4% of these patients present 
with symptoms, and has a 2:1 female predomi-
nance [130]. Typical presentation consists of 
gradual onset, progressive hearing loss worse 
at low frequencies, with or without associated 
tinnitus (50%) [131]. Vertigo occurs infre-
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quently (10%) with semicircular canal involve-
ment [130]. Though often initially presenting 
unilaterally early in the disease process, oto-
sclerosis can be found bilaterally in 80% of 
cases [132].

In terms of pathophysiology, the otosclerotic 
process consists of normal bone being replaced 
with spongiotic sclerotic bone. In normal 
humans, endochondral ossification forms the 
otic capsule during embryonic development. 
Compared to the rest of the bony skeleton, the 
otic capsule undergoes relatively little bone 
remodeling or turnover. However, in the setting 
of otosclerosis, dysregulation of bone remodel-
ing occurs solely within the otic capsule, giving 
rise to otosclerotic foci. Areas of the otic cap-
sule with highest propensity for development of 
these foci include the fissula ante fenestram and 
oval window, round window, and adjacent to the 
cochlea [133]. In early disease, bony resorption 
occurs and becomes replaced with spongy bone. 
Osteolytic osteocytes then appear at the leading 
edge of the lesion, and sheets of connective tis-
sue slowly replace the bone. Finally, dense scle-
rotic bone forms in  previously resorbed areas. 
On histologic exam, one can see disorganized 
bone, overpopulation of osteocytes, and 
enlarged marrow spaces replaced with dense 
sclerotic bone. This replacement appears pleo-
morphic as multiple stages of otosclerosis can 
co-occur.

The majority of otosclerotic lesions are lim-
ited to the anterior oval window or stapes foot-
plate (80%), although some may occur near the 
round window (30%), pericochlear region 
(21%), or anterior segment of the internal audi-
tory canal (19%) [134]. Eight percent of patients 
have cochlear or labyrinthine involvement (lab-
yrinthine otosclerosis) causing sensorineural 
hearing loss, while the remaining 2% may have 
both labyrinthine and ossicular involvement. 
Although the etiology of the disease has yet to 
be fully understood, a number of environmental 
and genetic risk factors have been identified for 
development of otosclerosis, including family 
history (30–70%), female gender, prior measles 
virus infection, fluoride in drinking water, and 
certain connective tissue disorders [135].

 Diagnosis

Diagnosis can be made with clinical history, 
physical exam, and audiometry. Proper history 
should seek to rule out other possible causes of 
conductive hearing loss, including external audi-
tory canal obstruction, tympanic membrane per-
foration, tympanosclerosis, cholesteatoma, or 
other middle ear mass, ossicular chain disconti-
nuity with trauma or incus necrosis associated 
with recurrent chronic otitis media; with vertigo 
symptoms, vestibular disorders like Menière dis-
ease, or third window syndrome should be 
excluded. Because there is a strong and frequent 
(60%) familial component to otosclerosis, exams 
should include a detailed family history of hear-
ing loss [135]. Otoscopic exam is typically nor-
mal in otosclerosis, other than a possible 
Schwartze sign (redness along the cochlear 
promontory seen through the tympanic mem-
brane) seen inconsistently [136]. Whisper voice 
testing shows decreased hearing on the affected 
side, and Weber and Rinne tuning fork testing 
should demonstrate conductive hearing loss on 
the affected side. Formal audiogram should be 
completed in suspected otosclerosis. A character-
istic bone-conduction loss at 2000  Hz (Carhart 
notch) is historically diagnostic and often appre-
ciable on audiometry [134]. Comprehensive 
audiograms can also monitor disease progress 
and localization: ossicular stiffening and stapes- 
oval window changes will show low-frequency 
mild conductive loss; stapes fixation to oval win-
dow will increase the conductive component of 
the loss and begin to involve additional frequen-
cies; cochlear involvement will add high- 
frequency sensorineural hearing loss, resulting in 
a mixed pattern; significant cochlear progression 
will show a mixed pattern of hearing loss at all 
frequencies [134]. Tympanometry is typically 
normal, with tympanogram flattening only in 
extensive cases with significant ossicular chain 
fixation. There is loss of the stapedial reflex 
because of the stapes fixation. While imaging is 
not required for diagnosis, high-resolution tem-
poral bone CT can rule out third window syn-
drome, ossicular fixation to the temporal bone, 
middle ear masses, reveal anatomic involvement 
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of otosclerosis with “halo sign” of radiolucent 
areas in and around the cochlea, and be useful for 
surgical planning [134].

 Treatment

Surgery is considered first-line management for 
otosclerosis, provided the air-bone gap is large 
enough. Options include stapes surgery as well as 
wearable or implantable hearing aid. 
Stapedectomy, opening the stapes footplate and 
removal of the crurae with replacement using a 
prosthesis attached to the long process of the 
incus and extending into the vestibule of the inner 
ear, is a minimally invasive same-day surgical 
procedure that can restore mechanical transmis-
sion of sound through the middle ear and suc-
cessfully correct the conductive loss of 
otosclerosis, although not sensorineural loss with 
cochlear extension of disease, in over 94% of 
patients [137]. Indications include conductive 
hearing loss with air-bone gap >20  dB, speech 
discrimination score > 60% and healthy patients; 
the converse along with additional symptoms 
such as endolymphatic hydrops and vertigo are 
contraindications. Ten to 20% will require surgi-
cal revision due to progressive disease [138]. 
Despite surgery, long-term outcomes are unpre-
dictable and hearing loss may progress; one study 
found at 30  years postsurgery, 88% of patients 
had bilateral disease involvement, and 66% had 
developed moderate-profound sensorineural 
hearing loss [139].

For patients with sensorineural loss or other-
wise not candidates for stapes surgery with hear-
ing loss >25 dB, air-conduction hearing aids are 
an option for sound amplification. Middle ear 
implants can be placed concurrently with or fol-
lowing stapes surgery and can be fixated to the 
ossicles to act in mechanical vibration [140]; they 
provide compensation for sensorineural hearing 
loss to a degree of improvement comparable to 
traditional hearing aids. Bone-conduction 
implants are used for conductive or mixed hear-
ing loss and transmit directly to the cochlea by 
attachment to the temporal bone and bypass of 
the external and middle ear. Traditional air- 

conduction hearing aids should be tested before 
undergoing bone-conduction implant due to their 
much cheaper cost. Finally, cochlear implants 
bypass sound transmission through the ear by 
delivering electrical stimulation to the primary 
afferent neurons of the cochlear nerve via an 
implantable prosthetic device and can be used in 
the setting of moderate-to-severe mixed hearing 
loss. Because cochlear implantation in the setting 
of otosclerosis carries increased risk of post- 
implantation facial nerve stimulation and is asso-
ciated with loss of residual hearing, and 
stapedectomy with hearing aids has good out-
comes in severe mixed hearing loss with pre-
served speech discrimination ability, the latter 
remains first-line treatment before cochlear 
implantation [141, 142]. However, if the speech 
discrimination ability falls below 50%, cochlear 
implantation would be the better option.

There is currently no definitive pharmacologic 
therapy for otosclerosis. Some countries such as 
France use sodium fluoride treatment in otoscle-
rosis for its effects against bone absorption and 
promoting bone calcification to reduce hearing 
deterioration, though evidence for its use and 
adequate dosage is limited [143, 144]. Similarly, 
there is research in the use of bisphosphonates 
and vitamin D, but no large-scale clinical trials 
have been conducted to date.

 Pregnancy

Because otosclerosis has a tendency to occur in 
women of childbearing age, endocrine factors 
have been hypothesized to play a role in the 
pathophysiology [145–148]. Anecdotally, accel-
eration of the stapes fixation and associated 
widening of the air-bone gap is often seen with 
otosclerosis during pregnancy. However, while 
estrogen has been established as a factor in 
osteoblastic function by inhibiting osteoclast 
maturation and inhibiting bone resorption [149, 
150], the role of osteoblasts is unclear in the 
pathogenesis of otosclerosis, and no studies 
have yet directly implicated sex hormones in 
this disease process [151, 152]. While estrogen 
receptors have been identified on otosclerotic 
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cells, their specific regulatory function is not 
well understood [153]. Similarly, clinical stud-
ies examining clinical association and impact of 
pregnancy upon otosclerosis have conflicting 
results [154].

In a recent study examining the impact of 
pregnancy on age at stapedectomy, Qian et  al. 
theorize that the discrepancy between studies 
measuring subjective versus objective hearing 
loss can be explained by the overlap between the 
ages at which otosclerosis progression occurs 
and the ages at which women bear children lead-
ing to identification of hearing loss during preg-
nancy or nursing, as well as increased healthcare 
utilization during parenthood [154].

However, other studies seem to indicate a 
more definitive link between pregnancy and 
development of otosclerosis. For instance, a 2019 
study found significantly increased maternal 
serum IGF-1 and placental growth hormone vari-
ant (GHV) concentrations at 34 weeks’ gestation 
in otosclerotic patients as compared to controls, 
suggesting that the GH-IGF axis may contribute 
to the development of this condition during 
 pregnancy [133]. One British epidemiologic 
study of otosclerosis found that while no signifi-
cant differences were observed in the age of 
onset, family history, bilateral disease, or inci-
dence of tinnitus or vertigo between pregnant and 
non- pregnant women developing otosclerosis, 
33% of pregnant women reported a subjective 
change in hearing during pregnancy [135]. As 
compared to women with no reported hearing 
change during pregnancy, these women were an 
average of 4  years younger at diagnosis. 
Additionally, a significantly higher proportion of 
women who reported change in hearing during 
pregnancy breastfed after pregnancy as compared 
to those who did not report hearing change (90% 
versus 78%). These findings led Crompton et al. 
to conclude that pregnancy may lead to reported 
hearing deterioration and acceleration of otoscle-
rosis in a minority of patients. Likewise, some 
studies have indicated that women with pre- 
existing otosclerosis may have worsening symp-
toms and disease progression during pregnancy 
[146, 155, 156]. Though additional research is 
needed to identify the exact mechanism of hor-

monal influence on hearing loss, Batson et  al. 
consider it prudent to suspect pre-existing oto-
sclerosis in patients who develop hearing loss 
during times of increased sex hormonal produc-
tion [134].

Sodium fluoride treatment is contraindicated 
during pregnancy due to adverse fetal effects [2].

 Vestibular Schwannoma/Acoustic 
Neuroma

Vestibular schwannomas (VS), or acoustic neuro-
mas, are rare slow-growing benign tumors of 
Schwann cell origin that can arise from the ves-
tibular portion of the eighth cranial nerve. They 
represent 80–90% of cerebellopontine angle 
(CPA) tumors. While rare (incidence of 1 per 
100,000 nationally) [157], vestibular schwan-
noma has been incidentally diagnosed with CT 
and MRI with increased frequency since imaging 
has become more prevalent [158, 159]. Vestibular 
schwannomas occur more frequently in women 
and may present with larger size and increased 
vascularity in females as well [160]. These slow- 
growing tumors have a median age of diagnosis 
later in life, at age 55 [161]. While occurring uni-
laterally in >90% of patients, bilateral VS is com-
monly seen in syndromic patients with 
neurofibromatosis type 2 (NF2) [161]. 
Neurofibromatosis type 2 patients usually 
develop bilateral VS as well as other tumors and 
present at a younger age (<30). Sporadic VS 
commonly presents with complaint of chronic 
hearing loss (95%) and tinnitus (63%), with less 
frequent involvement of vestibular (61%) com-
plaints such as unsteadiness or vertigo, or trigem-
inal (17%) or facial nerve (6%) symptoms like 
facial numbness/pain, paresis, or taste distur-
bance; sudden sensorineural hearing loss may 
also occasionally be seen [162]. Gradual tumor 
growth can lead to mass effect on posterior cra-
nial fossa structures, affect cerebellar or even 
brainstem function, and cause severe impairment. 
With increased tumor size, patients are propor-
tionally likelier to report hearing loss and dizzi-
ness [163]. Due to the chronic effect on hearing, 
many patients experience hearing loss and tinni-
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tus for years before presenting with an observ-
able deficit.

Vestibular schwannomas develop from 
Schwann cells of the superior or inferior vestibu-
lar nerves, in a fashion similarly to peripheral 
schwannomas in other anatomic locations. 
Pathologic examination shows characteristic 
Antoni A and B regions consisting of alternate 
areas of dense spindle cells and scant disorga-
nized cellularity. Immunohistochemical staining 
is usually positive for S100 protein, and other 
markers such as CD-34, EMA, and NFTP may 
help distinguish VS from a neurofibroma [164]. 
Vestibular schwannomas are nearly always 
benign, with malignant degeneration only 
reported in a handful of cases, including postste-
reotactic radiosurgery. In syndromic NF2, hered-
itary abnormality in the NF2 gene responsible for 
producing merlin (or schwannomin), a cell 
membrane- related protein with tumor suppressor 
function, can cause development of schwanno-
mas and other tumors such as meningiomas and 
spinal tumors. In patients with sporadic VS, bial-
lelic inactivation of the NF2 gene is similarly 
seen. Risk factors for sporadic VS include 
 childhood radiation, and some studies implicate 
cellphone use and chronic noise exposure, 
although an equal number of opposing findings 
have been reported [157, 165–171].

Diagnosis of VS relies on patient history of 
asymmetric or unilateral hearing loss or cranial 
nerve deficit, often with tinnitus and/or unex-
plained vestibulopathy. History-taking should 
seek to rule out alternate causes of hearing loss. 
Physical exam can show abnormality on Weber 
and Rinne tuning fork tests suggestive of unilat-
eral or asymmetric hearing loss. Neurologic 
exam including cranial nerves I–XII should be 
performed as facial, trigeminal, and other cranial 
neuropathies are sometimes seen with VS. Gait 
and vestibular testing, including Romberg and 
Dix-Hallpike maneuvers are typically normal; 
however, the sharpened Romberg is often abnor-
mal. Audiometry is an important screening for 
VS patients, which typically shows asymmetric 
sensorineural hearing loss on the affected side, 
most noticeably at higher frequencies; down- 

sloping pattern versus flat type and differences in 
pure tone thresholds, pure tone averages, and in 
particular asymmetrically impaired speech dis-
crimination ability can also help distinguish VS 
from non-VS CPA tumors [172]. Auditory brain-
stem response (ABR) testing can show delayed 
conduction on the affected side, and vestibular 
testing can show decreased or absent caloric 
response for superior vestibular nerve tumors and 
reduced cVEMP responses for inferior vestibular 
nerve tumors; these tests are useful in the setting 
of perioperative counseling but are not be ade-
quate for confirmatory diagnosis [173, 174]. MRI 
with gadolinium contrast is the gold standard 
screening choice for suspected VS in the setting 
of asymmetric hearing loss, with reported sensi-
tivity of up to 98% [175, 176]. High resolution 
CT with contrast is an alternative if MRI is con-
traindicated. On imaging, VSs appear as an 
enhancing mass in the internal auditory canal 
(IAC), extending into the CPA with larger tumors. 
On preoperative imaging, widening of the IAC 
and tumor extension anterior/caudal to the IAC 
can predict postoperative hearing loss [177].

Treatment of sporadic VS consists of three 
main options: surgery, radiotherapy, or conserva-
tive observation. Except in NF2, where bevaci-
zumab may play a role in treatment, 
pharmacotherapy is not an adequate option for 
VS treatment [178]. Treatment choice can depend 
on clinical presentation, tumor size, expertise of 
the treating center, and patient choice. A 2014 
study of VS management showed approximately 
49% of patients were treated primarily with sur-
gery, 24% with radiotherapy, and only 2% with 
combination therapy [161]. Younger patients and 
those with larger tumor size were likelier to be 
treated surgically. Racial disparities were also 
seen, with African American patients twice as 
likely to be treated conservatively despite large 
tumor size. Recent guidelines suggest smaller VS 
are best managed with observation versus radio-
surgery, while large tumors should be treated 
with surgery and possibly followed with radio-
surgery [178].

Surgical resection consists of either suboccip-
ital (retrosigmoid), translabyrinthine, or middle 
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fossa approach. The middle fossa approach is 
best for small tumors (<1.5 cm) with attempted 
hearing preservation [179]. The translabyrinthine 
approach is recommended for large tumors 
>3 cm, or small tumors when hearing preserva-
tion is not necessary [180]. Favorable outcomes 
are seen among most patients undergoing com-
plete VS resection, with good long-term survival 
and low rates of recidivism [181–183]. One study 
of 2400 cases found 0.05%–1.8% recidivism 
based on surgical approach [184]. Postoperative 
complications can include CSF leakage (1–8.5%), 
infection (4%), bleeding (1%), as well as risk of 
hearing loss, facial weakness, vestibular symp-
toms, and headache depending on surgical 
approach [185, 186] Advanced patient age can 
also lead to higher rates of in-hospital complica-
tions [187]. Where subtotal microsurgical resec-
tion is performed for anatomic preservation, 
recurrence is up to 11 times more likely than with 
gross total resection [183]; however, it may still 
be acceptable strategy based on patient goals and 
functional preservation. High-volume hospitals 
and co-surgeons (neurotologist and neurosur-
geon) have been shown to have lower rate of 
postoperative complications [188].

Radiation therapy, including stereotactic 
radiosurgery (SRS), stereotactic radiotherapy 
(SRT), proton beam therapy, and conventional 
fractionated radiation therapy have all been used 
in VS treatment. Though lacking adequate equiv-
alent studies, these modalities all appear to have 
excellent tumor control rates of 91–100% [189]. 
SRS delivers a single high dose of radiation to a 
discrete treatment area via Gamma Knife radio-
surgery or linear accelerator. SRS is a good treat-
ment option for smaller tumors (<3  cm) or 
patients who are not surgical candidates. 
Complications of SRS include postradiation 
tumor expansion (14–22%) [190, 191], cystic 
degeneration (2%) [192], malignant transforma-
tion (0.3–0.5%) [192, 193], and local tissue scar-
ring that can complicate salvage surgery, 
particularly with facial nerve preservation, in 
recurrence. Unlike SRS, SRT, e.g., CyberKnife, 
uses multiple radiation fractions over a series of 
treatment sessions. SRS and SRT both preserve 

cranial nerves V and VII in >95% and have simi-
lar rates of hearing preservation as well [189, 
194, 195]. Proton beam therapy, a newer modal-
ity that maximizes radiation delivery to target 
volume and tissue depth with minimal scatter, 
has also been shown to preserve cranial nerve 
function among many patients, though further 
study is needed to determine long-term hearing 
outcomes relative to other radiotherapy modali-
ties [196]. Loss of hearing should be expected, 
particularly if the cochlear dose exceeds 4  Gy 
[197]. Likewise, changes in vestibular function 
occur over time after Gamma Knife radiosurgery 
[198].

Because VS are slow-growing benign tumors, 
observation with serial MRI imaging is a conser-
vative management technique that should be con-
sidered for appropriate patients. This group 
includes patients who are asymptomatic, 
>60 years old, those with medical comorbidities, 
patient preference, or other factors precluding 
surgery, and small tumor size [178]. One meta- 
analysis found an average VS growth rate of 
1.9 mm per year, with only 43% of patients expe-
riencing growth, while 57% showed no growth or 
tumor regression; 20% of patients failed conser-
vative management and eventually required inter-
ventional treatment due to tumor or symptom 
progression [199]. As one study of observational 
management found 59% of patients had VS 
growth <1 mm per year, such conservative treat-
ment may be warranted in patients with small 
tumor size and slow progression [200]. Because 
non-intervention is associated with risk of pro-
gressive hearing loss, conservative observation 
should not be conducted for patients with larger 
or rapidly growing VS (<2.5 mm per year) [201]. 
Likewise, since hearing outcomes following 
interventional treatment are generally better 
among patients with normal baseline hearing, 
patients who prioritize hearing preservation may 
also benefit from early treatment and avoiding 
watchful waiting [202].

Due to potential for recurrence and slow tumor 
progression, patients managed for VS should 
receive regular follow-up and MRI screening for 
at least 15 years following treatment [184].
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 Pregnancy

The diagnosis of VS is rare during pregnancy; a 
retrospective study examining 68 pregnant 
patients presenting to neurotology clinic for new- 
onset inner ear symptoms diagnosed VS in only 
one patient [1]; other observational studies of 
general array of otolaryngologic symptoms (150 
and 82 patients) did not diagnose any women 
with VS [49, 203]. Likewise, a major maternal- 
fetal medicine center reviewing head and neck 
cancer management during pregnancy over a 
27-year period reported only 2 cases of VS, 1 
new onset and 1 patient with previous history 
[204]. A 2014 review identified only 31 cases of 
VS diagnosed in pregnancy [205]. Nonetheless, 
due to VS female predilection and growth during 
pregnancy that can lead to serious maternal com-
plications, it remains an important entity to 
understand.

Among pregnant patients, the most common 
presenting symptom is unilateral hearing loss. 
However, other presenting symptoms such as tin-
nitus, headache, nausea, and vomiting may be 
nonspecific, physiologic, and/or frequent in preg-
nancy, confounding a correct diagnosis. Likewise, 
headache and hypertension may be identified 
with preeclampsia rather than VS. Because accel-
erated tumor growth seen in some patients during 
pregnancy can cause hearing loss, these patients 
may have a greater proportion of acute hearing 
complaints than typical VS patients, and VS 
should be ruled out as an etiology in pregnant 
patients presenting with unilateral sensorineural 
hearing loss (see section “Hearing Loss”) [206]. 
In the vast majority of cases, patients with VS 
present during the second or third trimester [205].

VS have been shown to occur primarily or 
with worsening symptoms during pregnancy 
[205]. Early case series noted this association, 
especially in later trimesters, and suggested hor-
monal factors could affect VS vascular supply 
and tumor growth [207]. Hypothesized mecha-
nisms of accelerated tumor growth in pregnancy 
include increased blood volume causing vascular 
engorgement, directly increasing VS size, or 
growth mediated by progesterone and estrogen 
receptors [205, 208, 209]. Gestational hyperten-

sion, preeclampsia, and fluid retention during 
pregnancy may also predispose to cerebral edema 
or increased intracranial pressure, leading to 
symptomatic VS [208]. Increased size and vascu-
larity can also lead to complication of intratumor 
hemorrhage [208, 210]. While the impact of 
pregnancy on VS pathophysiology continues to 
be studied, a growing body of evidence supports 
the implication of hormonal effects of pregnancy 
in VS.  Acoustic neuromas have been shown to 
grow faster in mice exposed to estrogen, while 
the estrogen receptor-blocking tamoxifen has 
been shown to decrease tumor volume [211]. 
Subsets of sporadic VS have been shown to 
exhibit estrogen receptor activity [212, 213]. Due 
to presence of this signaling pathway, Brown 
et al. suggested antiestrogen therapy might prove 
effective in VS inhibition [214]; mifepristone, an 
anti-progesterone and anti-glucocorticoid medi-
cation has also been explored for potential use in 
VS [215].

 Management

Unlike non-pregnant patients, pregnant patients 
are limited in treatment modalities to observation 
and surgery. Radiotherapy is generally contraindi-
cated due to risk of fetal radiation exposure [204, 
216]. Pharmacologic treatment plays no role in 
pregnant VS management including NF2 patients, 
as bevacizumab lacks sufficient safety information 
during pregnancy [217]. Small, asymptomatic, 
and slow-growing pre-existing VS can undergo 
observation and continued follow- up after preg-
nancy. Management of large VS diagnosed or pre-
senting with worsening symptoms during 
pregnancy requires balance of maternal benefits 
and fetal risk. Optimal treatment strategy consists 
of close observation with subsequent surgical 
resection following delivery and adequate postpar-
tum recovery [205, 208, 209, 214, 218, 219]. 
However, severe presentation or exacerbation dur-
ing pregnancy may preclude observational man-
agement. Since surgery during first trimester 
presents the highest fetal risk due to anesthesia 
exposure, VS surgery should be deferred to second 
trimester if possible to decrease risk of spontane-
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ous abortion [212, 220]. Obstructive hydrocepha-
lus secondary to VS mass effect can be managed 
with ventriculoperitoneal shunt placement, a 
lower-risk procedure than tumor resection which 
can allow continued CSF flow in order to delay 
surgery to a later trimester or the postpartum 
period. Nonetheless, surgical resection during the 
first trimester may be required with urgent indica-
tions such as increased intracranial pressure, neu-
rologic symptoms, and/or signs of intracranial 
hemorrhage; despite surgical therapy, severe intra-
cranial bleeds secondary to tumors carry high rate 
of maternal mortality and can still lead to nonvia-
ble pregnancy despite treatment [221]. The second 
trimester remains the safest time for surgical treat-
ment in terms of both maternal and fetal risk [208, 
212, 220]; one retrospective cohort study of skull 
base meningioma and schwannoma resection dur-
ing pregnancy (n = 9) showed successful emergent 
surgery during the second trimester [222]. 
Conservative versus interventional management 
for VS presenting during the second trimester 
should be dictated by urgency and likelihood of 
surgical resection later in pregnancy if deferred. 
Third trimester resection carries the highest mater-
nal risk due to cumulative effects of pregnancy, 
including hemodilution, decreased functional 
residual respiratory capacity, predisposition to 
hypoxemia, and venous engorgement of the air-
way [205]. Nonetheless, successful cases of third 
trimester VS resection have been reported [208, 
223]. If late enough in the third trimester, caesar-
ian delivery can be performed and followed by 
tumor resection [208]; though successful vaginal 
deliveries have been reported, caesarian delivery 
avoids potential risks of increased intracranial 
pressure with vaginal delivery [217, 220]. Ben 
Adani et  al. recommend an optimal strategy of 
CSF drainage prior to caesarian delivery followed 
by immediate tumor resection, though resection 
may be delayed days- to- weeks in the postpartum 
period to restore hemodynamic stability. Shah 
et  al. offer a useful management algorithm for 
symptomatic VS in pregnancy [205].

Patients with a history of NF2 or pre-existing 
VS should be counseled regarding potential for 
high-risk pregnancy due to tumor progression. 
Coordination between otolaryngology, neurosur-

gery, anesthesia, and high-risk obstetrics or 
maternal-fetal medicine is important throughout 
the pregnancy period to ensure proper maternal 
and fetal care [217]. Audiogram and MRI should 
be repeated periodically during pregnancy and 
the postpartum period to follow existing tumor 
progression and help guide patient management.

The general approach to management of intra-
cranial tumors during pregnancy is discussed in 
Chap. 36.

 Bell Palsy

Idiopathic facial paralysis, or Bell palsy, is a dis-
order involving acute-onset unilateral peripheral 
facial nerve weakness. Annual incidence is 
between 11 and 40 per 100,000 population [224]. 
While the disorder carries no gender preference, 
pregnant patients are three times as likely to be 
affected, especially in the peripartum period 
[225]. Incidence among the pregnant population 
contributes to the disease peak seen in younger 
adults under 40 years old [226]. Comorbid diabe-
tes, obesity, and hypertension may also be pres-
ent in a large subset of Bell palsy patients 
[226–229].

Typical symptoms consist of sudden onset 
(hours-days) of unilateral facial paresis or paral-
ysis; this can include absence of ipsilateral fore-
head wrinkling, eyelid droop, and inability to 
close the eye, dry eye, epiphora (excessive tear-
ing of the eye), drooping of the ipsilateral corner 
of the mouth and associated dribbling. Female 
patients may be more likely to have ocular 
symptoms [226]. Patients with Bell palsy can 
also experience loss of taste in the ipsilateral 
anterior two-thirds of the tongue because of 
chorda tympani nerve involvement (branch of 
the facial nerve). Many also present with under-
standable anxiety and distress [230]. Polycranial 
neuropathy can also be associated with Bell 
Palsy with trigeminal, glossopharyngeal, and 
hypoglossal nerve involvement [231]. 
Infrequently, patients may present with bilateral 
facial neuropathy.

While the etiology of Bell palsy remains 
unclear, herpes simplex virus type 1 (HSV-1) 
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recrudescence is the suspected cause of Bell 
palsy in many cases via mechanism of axonal 
viral spread and causing facial nerve inflamma-
tion and edema within a bone surrounded space, 
leading to demyelination and clinical symptoms 
of weakness and paralysis [232]. Histopathologic 
findings corroborate the mechanism of viral neu-
ritis, with maximal nerve damage in areas of the 
bony facial canal most susceptible to edema- 
related compression [233, 234]. Despite evidence 
of HSV-1 viral presence in a majority of cases, 
Bell palsy remains an idiopathic disorder because 
there is no established confirmatory testing for 
HSV-1  in the clinical setting of Bell palsy 
[235–238].

While not Bell palsy, less frequently other 
infectious etiologies have been associated with 
subsets of acute facial paralysis, including herpes 
zoster oticus (Ramsay Hunt syndrome), Epstein–
Barr virus, cytomegalovirus, coxsackievirus, 
influenza B, mumps, and rubella [239–241].

Bell palsy has been alternately hypothesized 
to be a mononeuritic autoimmune response [242]; 
one study showed Bell palsy developed as an 
induced immune reaction to an inactivated influ-
enza vaccine in a manner similar to HSV recru-
descence [243]. Genetic predisposition may play 
a role in Bell palsy as well [244]. Facial nerve 
ischemia has also been postulated as potential 
etiology in Bell palsy, as evidenced by nocturnal 
onset and higher incidence in diabetic and preg-
nant populations with ischemic microcirculatory 
changes [227, 245, 246].

Diagnosis of Bell palsy can be made with clin-
ical findings of acute onset, progressively wors-
ening diffuse facial muscle paralysis or paresis in 
association with/without other symptoms such as 
altered taste and natural history of acute onset of 
hours-days, worsening within 3 weeks, and vari-
able recovery within 6–18  months. Physical 
exam should include full cranial nerve testing 
and neurologic exam and head and neck exam 
including otoscopy. Though 60–75% of periph-
eral facial nerve palsy is idiopathic, central ner-
vous system disease or alternative disorder 
causing peripheral facial nerve palsy should be 
ruled out [247]. Differential diagnosis should 
include other causes of peripheral facial nerve 

palsy including infections like Lyme disease, 
Ramsay Hunt syndrome (herpes zoster oticus), 
otitis media, HIV, autoimmune disorders includ-
ing Sjögren syndrome and sarcoidosis, facial 
nerve trauma, Guillain-Barré syndrome (GBS), 
or Melkersson-Rosenthal syndrome; a mass pres-
ent at various sites along the course of facial 
nerve, including cholesteatoma, facial neuroma, 
metastatic disease to the petrous apex or parotid 
tumor, may also cause unilateral facial paresis or 
paralysis. Wackym et al. used molecular tempo-
ral bone pathology approaches to demonstrate 
latent herpes varicella-zoster (VZV) DNA in 
archival temporal bone sections [240, 241]. 
Herpes VZV DNA was identified, using the poly-
merase chain reaction, in archival celloidin- 
embedded temporal bone sections from two 
patients who clinically had Ramsay Hunt syn-
drome (herpes zoster oticus). The presence of 
VZV was confirmed by sequencing the PCR 
products. These experiments demonstrated that 
VZV genomic DNA was present in the genicu-
late ganglion of the side with facial paralysis and 
cutaneous recrudescence in both patients and in 
the clinically unaffected side in patient 1. In addi-
tion, patient 2 had a sudden hearing loss and was 
found to have VZV genomic DNA in sections 
from the affected side containing the spiral gan-
glion, Scarpa ganglion, organ of Corti, and mac-
ula of the saccule. No VZV genomic DNA was 
identified in temporal bone sections from five 
patients with Bell palsy and ten patients without 
evidence of otologic disease [240, 241]. While 
ischemic or hemorrhagic cerebral stroke causing 
upper motor neuron (UMN) unilateral facial 
paralysis will often spare forehead muscles, 
strokes affecting brainstem facial nerve nuclei or 
tracts may present as lower motor neuron (LMN) 
lesions. While Bell palsy diagnosis can be made 
without further testing in the setting of typical 
clinical history, physical signs, and disease 
course, further testing may be needed with atypi-
cal symptoms or suspicion of alternative causes. 
MRI imaging may be indicated with atypical fea-
tures such as nystagmus, hyperacusis or hearing 
changes, diplopia or other cranial neuropathies to 
rule out mass lesion of cerebellopontine angle, 
petrous bone, parotid gland, or brainstem [248]. 
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Borrelia or VZV serology can be performed if 
indicated by clinical history, and other suspected 
viral etiologies can be detected with lumbar 
puncture and CSF PCR testing [247]. Transcranial 
canalicular magnetic stimulation is an ancillary 
neurophysiologic test that can help differentiate 
between central and peripheral pathology [247].

The House-Brackmann Facial Nerve Grading 
Scale (H-B) rates severity of facial nerve palsy on 
a six-point scale and is an important tool for BP 
clinical severity grading, serial tracking, and 
prognostication [249]. Electroneurography 
(ENOG) and electromyography (EMG) testing is 
not necessary for Bell palsy diagnosis but can be 
used for prognostication and decision-making 
regarding facial nerve decompression. Axonal 
injury can be demonstrated on ENOG as early as 
10–14 days of symptom onset, and < 90% ampli-
tude reduction is associated with favorable prog-
nosis [247]. On EMG testing, potential generation 
with voluntary contraction in the setting of facial 
paralysis and reinnervation potentials later in dis-
ease course indicate nerve continuity and 
increased likelihood of recovery, while early 
pathologic spontaneous EMG activity 10–14 days 
after symptom onset carries unfavorable progno-
sis [247]. While patients with comorbid diabetes 
are likelier to present with more severe Bell palsy, 
Riga et  al. found it did not impact recovery at 
6 months [227].

Bell palsy management consists primarily of 
medical therapy and symptom supportive treat-
ment. Early oral corticosteroid treatment within 
3 days of symptom onset remains first-line ther-
apy, with number to treat of 10. Use can reduce 
risk of incomplete facial nerve function recovery 
by 30–40% and increase speed of recovery [250–
252]. Regimens include prednisolone 25  mg 
twice daily for 10 days, or prednisolone 60 mg 
daily for 5  days followed by taper [253, 254]. 
Despite HSV-1 suspected etiology, studies of 
antiviral therapy (acyclovir, valacyclovir) in Bell 
palsy have shown variable findings, preventing 
adequate recommendation [252, 255–258]; how-
ever, treatment is indicated in the setting of 
Ramsay Hunt syndrome [247]. Symptomatic 
treatment for incomplete lid closure can include 
artificial tears, dexpanthenol ophthalmic oint-

ment, and a nocturnal moisture-retaining eye 
shield. Physical therapy may be mildly beneficial 
in synkinesis and function in partial paralysis for 
more severe Bell palsy patients [259–261]. 
Surgical therapy including facial nerve decom-
pression is not regularly performed in acute Bell 
palsy treatment, though select severe Bell palsy 
patients may benefit from treatment [262, 263]. 
Facial nerve reanimation, static reanimation pro-
cedures, and facial cosmetic procedures are 
reserved for patients with inadequate nerve 
regeneration or severe residual weakness, usually 
6–15 months after symptom onset.

Bell palsy prognosis is related to severity, as 
determined most commonly by the H-B grading 
scale. House-Brackmann grades I–II have best 
outcomes, H-B III–IV moderate function, and 
H-B V–VI indicate severe compromise and poor 
recovery prognosis. Without treatment, 85% of 
patients have partial recovery in 3  weeks from 
symptom onset, and 71% have complete recovery 
[264]; better prognosis is seen with less severe 
grade and with partial recovery occurring during 
the initial 3 week period [265]. Patients should be 
seen for several months following Bell palsy 
onset to monitor recovery and potential need for 
further treatment for residual symptoms, 
sequelae, or recurrence. Recurrence is seen in up 
to 12% of patients, most likely within the first 
2 years [266].

 Pregnancy

Among pregnant patients, Bell palsy most fre-
quently presents in third trimester or early post-
partum period. The etiologies responsible for the 
disease do not appear to be different among preg-
nant patients as compared to the general popula-
tion; however, many physiologic factors of 
pregnancy may be responsible for its occurrence 
among affected patients. Edema and hypercoagu-
lability can be contributory to nerve ischemia and 
compression. Insulin resistance and gestational 
diabetes may act as similar risk factors to those of 
diabetics seen in Bell palsy [267]. 
Immunosuppression and increased susceptibility 
to viral infection and reactivation, especially later 
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in pregnancy, also correspond with the postulated 
HSV-mediated pathogenesis of Bell palsy and 
may help explain the predominance of Bell palsy 
incidence later in pregnancy [226]; HSV is com-
monly acquired or reactivated during pregnancy 
and has greater incidence among pregnant 
women [268, 269]. Additional association has 
been found with preeclampsia among pregnant 
patients, further signifying the role of extracellu-
lar edema in Bell palsy pathogenesis [52, 270, 
271]. Bell palsy has not been shown to affect 
perinatal outcomes [226].

Treatment is generally similar to in the gen-
eral population. Clinician knowledge of appro-
priate corticosteroid use during pregnancy is 
paramount due to worse Bell palsy outcomes 
seen in delayed or missed treatment, especially 
with more severe grade (see section “Hearing 
Loss” for further discussion of corticosteroids in 
pregnancy). Oral corticosteroids may be used in 
the third trimester, with prednisone or 
 methylprednisolone preferred to betamethasone 
or dexamethasone, but should be avoided earlier 
in pregnancy; Hussain et al. recommend the same 
regimens as treatment of the general population 
above [226]. If HSV-1 is suspected as etiology, 
acyclovir (Category B) may be used [272]. Blood 
pressure, weight, and blood sugar should be mon-
itored during treatment, and fetal monitoring 
should be considered during treatment duration 
as well. Pregnant women with poorly controlled 
comorbid or gestational diabetes or hypertension 
that may be exacerbated by corticosteroid admin-
istration require risk–benefit conversation regard-
ing potential impact of treatment on general 
health and Bell palsy recovery.

The prognosis for pregnant patients with Bell 
palsy is significantly worse than the general pop-
ulation; one study found only 55% of patients 
with complete paralysis had adequate recovery 
within 10 days as compared to 77–88% of non- 
pregnant patients [272]. Similarly, pregnant 
women with BP may be more likely to develop 
complete paralysis than non-pregnant patients 
[272]. Additionally, treatment bias is evident in 
the pregnant population via hesitancy to adminis-
ter corticosteroids, as one study demonstrated 
only 33% of pregnant patients received cortico-

steroid therapy as compared to 52% of controls 
[272]. With appropriate treatment, outcomes in 
pregnancy approach those in the general popula-
tion [273]. Overall, these findings further rein-
force the need for improvement in appropriate 
and timely BP management in pregnancy by 
obstetricians and otologists alike.

 Hearing Loss

Change in hearing is a frequent complaint dur-
ing pregnancy. One Brazilian study of pregnant 
women found 24.9% experienced new auditory 
complaints during the duration of pregnancy, as 
compared to 3.9% among a non-pregnant female 
control group [50]. Benign hearing changes 
may be commonly encountered among pregnant 
patients. Studies have demonstrated a gradual 
decrease in low-frequency air-conduction hear-
ing acuity (125, 250, 500, 1000 Hz) from first 
trimester through the third trimester associated 
with normal ABR and other audiologic testing 
that returned to normal in the postpartum period 
[274–277]. This characteristic hearing change, 
while statistically significant, remains within 
physiologic limits and is not classified as hear-
ing loss according to the American National 
Standards Institute (ANSI) [274]. Pregnant 
patients have been shown to have decreased 
middle ear resonance frequency on multifre-
quency tympanometry (MFT) [276]. As the 
low- frequency pattern mimics that of Menière 
disease, this change has been hypothesized to 
relate to excessive salt and water retention that 
worsens through pregnancy, inducing endolym-
phatic hydrops (Fig. 30.1) in a manner similar to 
Menière disease. Due to postpartum normaliza-
tion in most patients without intervention, this 
hearing change can be managed expectantly 
through the postpartum period once appropriate 
audiometric testing confirms the diagnosis 
[274]. Likewise, hormone variation during preg-
nancy can also frequently cause transient symp-
toms of aural fullness that can be managed 
expectantly [278].

Sudden sensorineural hearing loss is defined 
as hearing loss ≥30  dB in ≥3 contiguous fre-
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quencies lasting ≥3  days and is considered a 
medical emergency. As an acute inner ear patho-
logic process, sudden sensorineual hearing loss 
should be urgently/emergently be evaluated with 
a comprehensive audiometric study and evalua-
tion by an otologist-neurotologist. Incidence 
ranges from 27 to 160 per 100,000 population 
[279, 280]; however, it is a rarer incidence during 
pregnancy, with one Taiwanese study reporting 
as low as 2.71 per 100,000 pregnancies [281]. 
Nonetheless, as mean age of sudden sensorineu-
ral hearing loss in pregnancy is less than in the 
average population (age 32 versus 40–60), preg-
nancy may play a role in precipitating hearing 
loss among these patients [1]; sudden sensorineu-
ral hearing loss of pregnancy has been described 
as a separate disease entity [282]. Likewise, with 
sudden sensorineural hearing loss accounting for 
21% new-onset otologic complaints in preg-
nancy, it is important to diagnose and treat within 
this population [1].

Sudden sensorineural hearing loss occurs at 
similar rates between men and women [283]. 
While there are many identifiable causes for 
 sudden sensorineural hearing loss (neoplastic, 
infectious, autoimmune, neurologic, otologic, 
metabolic disorders, vascular diseases, ototoxic 
drugs, trauma), the majority of sudden sensori-
neural hearing loss cases are idiopathic. 
Numerous risk factors and etiologies have been 
proposed for general sudden sensorineural hear-
ing loss, including viral cochleitis, microvascular 
events related to hypercoagulable state, and auto-
immune disorders [284–286]. However, certain 
etiologies and physiologic changes may be more 
likely to cause sudden sensorineural hearing loss 
during pregnancy.

• Hormonal changes of increased estrogen and 
progesterone can cause salt and water reten-
tion, resulting in extracellular fluid volume 
increase [274, 287, 288]. As studies have 
shown widespread expression of estrogen 
receptors in the cochlea, this hormonal fluctu-
ation may similarly affect endolymph and 
perilymph composition [289, 290]. 
Endolymphatic sodium and volume retention 
may be associated with endolymphatic 

hydrops, and in similar fashion to Menière 
disease, sudden sensorineural hearing loss can 
occur with vestibular membrane rupture [206]. 
Other studies have suggested these sex steroid 
hormones may interrupt cochlear microcircu-
lation causing sudden hearing loss, though 
this correlation is uncertain [281].

• Cardiovascular and hematologic changes 
are common beginning in the second month of 
pregnancy through the second and third tri-
mesters [291]; elevated coagulation factors 
(VII, VIII, IX, X, XII, and fibrinogen) can 
cause a hypercoagulable state during preg-
nancy [282]. Increased plasma viscosity and 
erythrocyte aggregation may lead to increased 
risk of thromboembolism in the labyrinth 
artery and vascular occlusion of cochlear 
microcirculation, evoking sudden sensorineu-
ral hearing loss [206, 282, 291]. Importantly, 
preeclampsia and its end-organ ischemic 
changes have been shown to be a risk factor 
for cochlear damage and permanent hearing 
loss [292, 293].

• Autoimmune disorders may play a role in 
sudden sensorineural hearing loss in preg-
nancy. Antiphospholipid syndrome, diag-
nosed by presence of autoimmune 
antiphospholid or anticardiolipin antibod-
ies in association with thrombosis and/or 
miscarriages and pregnancy- related com-
plications, has been implicated in some 
cases of sudden sensorineural hearing loss 
[294–296]. Antiphospholipid syndrome can 
cause thrombosis in the placenta and ves-
sels leading abortion, or in the cochlea 
leading to sudden sensorineural hearing 
loss [206].

• Acoustic neuroma (vestibular schwannoma) 
may be a cause of sudden sensorineural hearing 
loss in some patients (See section “Vestibular 
Schwannoma/Acoustic Neuroma”). These 
benign neoplasms are found in up to 15% of 
patients with sudden sensorineural hearing loss 
[297]; in pregnancy, they may rapidly enlarge 
with hormonal changes. Increased neuroma 
growth and vestibular myelin sheath vascular-
ization can cause worsen symptoms or cause 
sudden sensorineural hearing loss [220].
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Studies of sudden sensorineural hearing loss 
in pregnancy have shown that most cases occur 
in the second and third trimester, and that it has 
an increased rate of occurrence among older 
pregnant women [281, 295, 298]. Trends in 
severity of sudden sensorineural hearing loss 
in pregnancy vary; while some studies found 
most of these patients to have moderate hear-
ing loss, more recent studies have shown a 
majority to have severe or profound deafness 
[206, 298, 299].

Patients with acute hearing loss suspected to 
have sudden sensorineural hearing loss should be 
evaluated rapidly within days of symptom onset. 
Though all sudden hearing loss should be evalu-
ated, sudden sensorineural hearing loss may have 
improved prognosis with early diagnosis and 
treatment [300]. Thorough clinical history should 
evaluate for recent head trauma, barotrauma or 
noise exposure, exposure to ototoxic  medications, 
ophthalmic symptoms (suggestive of Cogan syn-
drome), focal neurologic symptoms (suggestive 
of cerebrovascular or neoplastic causes), history 
or symptoms of autoimmune or vasculitis disor-
ders, risk factors for Lyme disease or other infec-
tious etiologies, ear pain, drainage or fever 
(suggestive of acute otitis media, chronic otitis 
media, or mastoiditis), or prior history of hearing 
loss plus or minus associated vertigo or tinnitus 
(suggestive of Menière disease or other existing 
disorder). Physical examination should include 
neurologic exam, otoscopic exam, a whisper test 
to grossly examine hearing, and Weber and Rinne 
tests to confirm sensorineural versus conductive 
hearing loss. Formal audiometric testing should 
be used to accurately diagnose sudden sensori-
neural hearing loss and track changes over time 
but should not delay treatment if unavailable. For 
patients without identifiable sudden sensorineu-
ral hearing loss etiology, MRI may be used to 
evaluate for retrocochlear pathology [301]. As 
preeclampsia has been shown to increase mater-
nal and fetal risk of hearing loss in pregnancy, 
patients with comorbid hearing loss and pre-
eclampsia should receive careful examination 
[293, 302–304]. Likewise, since other pregnancy 
complications such as gestational diabetes and 
HELLP syndrome (Hemolysis, Elevated Liver 

enzymes, and a Low Platelet count) have also 
been shown to carry higher risk of hearing 
impairment, prophylactic hearing screening 
should be considered for the preeclamptic, gesta-
tional diabetic, and other complicated pregnancy 
populations [292, 293, 304–306].

With identifiable cause for sudden sensorineu-
ral hearing loss, treatment is targeted at correc-
tive treatment of the underlying etiology; in 
addition, and as primary treatment for the remain-
ing idiopathic sudden sensorineural hearing loss, 
treatment consists of intratympanic or oral corti-
costeroids. Systemic treatment is initially pre-
ferred as standard of care in non-pregnant 
patients, but intratympanic injection may be pref-
erable in patients with medical comorbidity or 
systemic corticosteroid intolerance or pregnancy, 
in addition to use as salvage therapy for those 
unresponsive to initial systemic treatment [307]. 
Oral treatment consists of 60  mg prednisone 
daily for 10 days. Intratympanic treatment con-
sists of 0.5  mL dexamethasone 10  mg/mL 
injected weekly for 3 weeks. Greatest likelihood 
of response occurs if treatment is started within 
2 weeks of hearing loss onset [301]. Hyperbaric 
oxygen therapy (HBOT) has also been explored 
as adjuvant to steroid treatment and has been 
associated with a higher rate of hearing recovery 
when used in combination [308, 309]. Patients 
should undergo repeat audiometry evaluations to 
measure treatment response. Failure to improve 
>6 months following treatment may indicate per-
manent hearing loss and may require an assistive 
hearing device.

In the pregnant population, glucocorticoid use 
may increase fetal risk via premature rupture of 
membranes (PROM) or intrauterine growth 
restriction (IUGR) [310, 311], can affect fetal 
organ development at high doses especially in the 
first trimester [312], and can increase maternal 
risk of gestational diabetes and hypertension, 
osteoporosis, and infection [313]. Likewise, as in 
normal adult sudden sensorineural hearing loss, 
in some cases sudden sensorineural hearing loss 
of pregnancy has resolved spontaneously or after 
delivery without treatment [282, 297, 314]; how-
ever, some studies of the impact of preeclampsia 
and hearing loss found that hearing damage per-
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sisted beyond postpartum resolution of pre-
eclampsia [292]. Likewise the course of sudden 
sensorineural hearing loss in pregnancy has not 
been well-defined in large studies. To balance the 
desire to limit maternal and fetal exposure high- 
dose corticosteroids with achieving treatment 
efficacy, intratympanic steroid administration 
may be preferred, as smaller studies among preg-
nant patients have shown satisfactory rates of 
complete or partial recovery without side effects 
[298, 299]. Medication choice may be relevant as 
well, since methylprednisolone (FDA category 
B) may be safer than dexamethasone (FDA cate-
gory C) during pregnancy. Nonetheless, during 
third trimester, systemic steroid use has been 
thought to be safe following proscribing guide-
lines [315]. During lactation, breast milk should 
be discarded for the first 4 h following oral cor-
ticosteroid treatment of >20  mg. In regard to 
HBOT, use during pregnancy may be 
 controversial due to risk of fetal adverse effects 
such as retinopathy of prematurity, cardiovascu-
lar effects, and teratogenicity. However, the 
short duration of HBOT seems to be well-toler-
ated with no adverse neonatal outcomes reported 
in animal and limited human studies [206, 282, 
316, 317]. While no definitive prognostic stud-
ies of sudden sensorineural hearing loss in preg-
nancy have been conducted, most patients with 
sudden sensorineural hearing loss in pregnancy 
appear to achieve partial or complete recovery 
following treatment [206].

 Eustachian Tube Dysfunction

The Eustachian tube connects the middle ear 
with the nasopharynx, acting to clear mucous 
from and aerate the middle ear. The Eustachian 
tube consists of a lateral bony component 
(12 mm) and a longer medial fibrocartilaginous 
section (24  mm). A normally functioning 
Eustachian tube equalizes atmospheric pressure 
with the middle ear when patent and can protect 
the middle ear from undesirable pressure fluctua-
tion or noise when closed. Additionally, proper 
mucociliary drainage prevents middle ear infec-
tion. Eustachian tube dysfunction can occur with 

abnormal or impaired function and has a national 
prevalence of 0.9–4.6% [318, 319].

The etiology of Eustachian tube dysfunction 
can vary based on pathophysiology of those three 
normal physiologic functions: middle ear pres-
sure regulation, mucociliary clearance, and 
protection.

• Pressure dysregulation can occur with either 
functional or anatomic obstruction. Functional 
obstruction occurs when Eustachian tube 
function is impaired without physical obstruc-
tion, seen with mucosal inflammation/edema 
and secretions, muscular deficiency impairing 
valve function, or barotrauma-induced follow-
ing diving or air travel. Anatomic obstruction 
occurs less frequently with severe mucosal 
swelling, congenital stenosis, nasopharyngeal 
cancer, or adenoid hypertrophy.

• Mucociliary clearance can be impeded with 
defects in ciliary function or impaired elimi-
nation of middle ear secretions. Infections, 
toxins, allergies, smoking, and other inflam-
matory disorders can all impair proper clear-
ance [320]. Primary ciliary dysmotility 
disorders (cystic fibrosis, Kartagener syn-
drome) or ciliary dysmotility secondary to 
inflammation can also impede clearance.

• Impaired protective function occurs when 
gastric reflux, nasopharyngeal pathogens, and 
other substances inappropriately enter the 
Eustachian tube. This can occur with congeni-
tally patent Eustachian tube or flaccid, trun-
cated Eustachian tube seen in younger 
children. Abnormal positive nasopharyngeal 
pressure can also transmit substances into the 
Eustachian tube, as in nasal blowing, obstruc-
tion, or crying. Chronic gastric secretions can 
also impair Eustachian tube mucosal protec-
tion and pathogen clearance as well as muco-
sal edema.

Patients with Eustachian tube dysfunction typi-
cally present with complaint of aural fullness, otal-
gia, “popping,” and/or discomfort. They may also 
have tinnitus, autophony, or muffled hearing 
impairment [321]. Symptoms may be acute 
(<3  months) or chronic (>3  months). Acute 
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Eustachian tube dysfunction will often be pre-
ceded by recent upper respiratory infection or 
allergy exacerbation. Patients should also be ques-
tioned regarding activities such as travel or diving 
that may induce barometric-associated Eustachian 
tube dysfunction. Patulous Eustachian tube dys-
function (abnormal Eustachian tube patency) has a 
2:1 female predominance, often presents with 
aural fullness and autophony, may improve with 
supine position or worsen with exercise, and may 
be precipitated by recent weight loss [321, 322]. 
Physical exam should include otoscopic exam, 
tympanometry, Rinne and Weber tuning fork test-
ing, and nasopharyngoscopy to assess Eustachian 
tube patency. Diagnosis can be made with clinical 
symptoms along with otoscopic evidence of tym-
panic  membrane retraction and/or tympanogram 
demonstrating abnormal negative middle ear pres-
sure. Pure tone audiometry may show mild to 
moderate conductive hearing loss. 
Nasopharyngoscopy may reveal inflammation 
adjacent to the Eustachian tube orifice or obstruc-
tive cause of Eustachian tube dysfunction. 
Barotrauma- induced Eustachian tube dysfunction 
may initially have normal findings and rely on 
clinical history alone, while patulous Eustachian 
tube dysfunction may demonstrate otoscopic or 
tympanogram evidence of tympanic membrane 
excursion with breathing [323]. The Eustachian 
Tube Dysfunction Questionnaire (ETDQ-7) is a 
clinically validated patient-reported outcomes tool 
that can be used [324]. A number of Eustachian 
tube ventilatory function tests including tubo-
manometry have been developed but are not yet 
widely available [325]. Chronic untreated 
Eustachian tube dysfunction can lead to complica-
tions and sequelae such as otitis media, tympanic 
membrane perforation or atelectasis, cholestea-
toma and/or hearing loss, making proper diagnosis 
and management imperative.

Treatment of Eustachian tube dysfunction var-
ies based on etiology. For obstructive dysfunction, 
underlying chronic rhinosinusitis can be medically 
managed with an array of medications including 
saline sprays, oral/topical glucocorticoids, antibi-
otics, leukotriene inhibitors, and/or antifungal 
medications. Underlying allergic rhinitis can be 
treated with antihistamines, nasal steroid sprays, 

or leukotriene inhibitors. Smoking cessation may 
aid relief, as can allergy testing and avoidance of 
triggering agents. Underlying reflux disorders 
should be controlled with diet and behavioral 
modifications and proton pump inhibitor therapy 
for gastroesophageal reflux disorder (GERD). 
Anatomic obstruction usually requires procedural 
intervention beyond medical therapy; adenoid 
hypertrophy can be treated with adenoidectomy, 
whereas nasopharyngeal carcinoma is often 
treated with radiation or chemoradiation therapy 
rather than surgical resection [326, 327]. While 
Eustachian tube dysfunction is often treated—on 
the short-term—with decongestants like phenyl-
ephrine or pseudoephedrine, or intranasal cortico-
steroids for symptom relief, these medications are 
not FDA-approved for nonspecific Eustachian 
tube dysfunction due to limited evidence of bene-
fit, and focus should remain on identifying an 
underlying etiology [323, 328]. Eustachian tube 
dysfunction refractory to medical therapy can be 
treated with a number of surgical options as well 
[329]. In addition to adenoidectomy for adenoid 
hypertrophy, tympanostomy tube placement can 
be useful for relieving chronic negative middle ear 
pressure and sequelae in Eustachian tube dysfunc-
tion. Endonasal laser eustachian tuboplasty and 
endonasal microdebrider tuboplasty can be used to 
reduce the bulky posterior-medial wall of the tubal 
orifice and have shown modest efficacy [330–332]. 
Eustachian tube balloon dilation has recently 
emerged as a popular and efficacious therapeutic 
option in select populations, though additional 
study of its proper indications is required [318, 
333]. For patulous Eustachian tube dysfunction, in 
addition to humidified air and ventilating tube 
placement, additional procedures such as shim 
placement or Eustachian tube reconstruction with 
calcium hydroxyapatite, circumferential cauter-
ization, fat graft packing, cartilage grafting, endo-
scopic ligation, and/or bone wax occlusion have 
been performed [323, 334–337].

 Pregnancy

Eustachian tube dysfunction is a disorder com-
monly associated with pregnancy. One study of 
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otolaryngology disorders during pregnancy 
found Eustachian tube dysfunction to be the most 
common otologic manifestation, with 37% of 
otology patients diagnosed with Eustachian tube 
dysfunction confirmed by impedance audiometry 
with Type-C tympanometry [49]. Another study 
surveying otologic symptoms in pregnancy found 
41% of pregnant patients complaining of ear full-
ness or blockage were diagnosed with Eustachian 
tube dysfunction [203]. Likewise, the female pre-
dominance of patulous Eustachian tube dysfunc-
tion has been linked to up to one-third of 
diagnoses coinciding with pregnancy or estrogen 
replacement therapy [338].

There are multiple etiologies of Eustachian 
tube dysfunction in pregnancy. Obstructive 
Eustachian tube dysfunction can be seen with 
increased Eustachian tube dysfunction mucosal 
edema secondary to fluid retention associated 
with pregnancy [2]. Obstruction may also be 
exacerbated by nasal obstruction and rhinitis of 
pregnancy, a well-documented physiologic 
change of pregnancy due to effects of sex hor-
mone effects on nasal epithelia, vasodilation, and 
glandular secretion with associated clear rhinor-
rhea and edematous nasal mucosa [339, 340]. It 
occurs in up to 40% of women, most commonly 
during the first trimester, typically resolving at or 
in the weeks following delivery [340]. This con-
dition may cause or exacerbate Eustachian tube 
dysfunction in the pregnant population [341]. 
Smoking and previous otologic problems are also 
risk factors for obstructive Eustachian tube dys-
function in pregnancy [341]. In addition to 
obstructive Eustachian tube dysfunction, patu-
lous Eustachian tube may also be seen, particu-
larly among women with inadequate weight gain 
during pregnancy [342].

In terms of treatment of both obstructive and 
patulous Eustachian tube dysfunction, reassur-
ance of the transient nature of these symptoms is 
important. With demonstrable etiologies of 
Eustachian tube dysfunction in pregnancy linked 
to normal physiologic changes, studies have 
shown resolution of obstructive and patulous 
Eustachian tube dysfunction symptoms by 
3  months postpartum in most patients [341]. 
Further treatment is largely supportive, with 

humidified air, hydration, supine positioning, and 
Valsalva maneuver beneficial in patulous 
Eustachian tube dysfunction symptoms [2]. 
Nasal saline drops and potassium iodide can aid 
in mucous thickening to relieve symptoms [335]. 
For obstructive symptoms where medical therapy 
is indicated, intranasal topical corticosteroids, 
particularly budesonide, is a safe choice (FDA 
Category B) [60]. Oral decongestants such as 
phenylephrine or oxymetazoline are not indi-
cated due to teratogenicity in animals; the 
American College of Obstetrics and Gynecology 
(ACOG) recommends pseudoephedrine as their 
oral decongestant of choice (FDA Category C), 
while still noting case control studies associate 
use with fetal gastroschises, especially in first tri-
mester use [343–346]. Similarly, H-1 receptor 
antagonists should be avoided in first trimester. 
First generation antihistamines are preferred to 
second generation due to longevity, but if unable 
to be tolerated, cetirizine or loratadine (Category 
B) can be used in third trimester [347, 348].

 Third Window Syndrome

Third window syndrome (TWS) is a group of 
characteristic signs and symptoms affecting hear-
ing and balance related to underlying dehiscence 
of the otic capsule resulting in a third mobile 
window. While superior semicircular canal dehis-
cence (SSCD) is the most common site for a 
pathological third mobile window, over one 
dozen sites can be seen with high-resolution tem-
poral bone CT scans, and there are also patients 
in whom a TWS exists in which no site of dehis-
cence can be seen (CT- TWS) [64]. Many loca-
tions of dehiscence have been identified and 
reported that lead to an artificial “third mobile 
window” and resulting phenotype, including 
cochlea-facial nerve dehiscence, cochlea-internal 
auditory canal dehiscence, enlarged (wide) ves-
tibular aqueduct, lateral semicircular canal dehis-
cence, lateral semicircular canal-facial nerve 
dehiscence, vestibule- middle ear dehiscence, 
posttraumatic hypermobile stapes footplate, 
modiolus dehiscence, superior semicircular 
canal-superior petrosal vein dehiscence, poste-
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rior semicircular canal dehiscence, and posterior 
semicircular canal-jugular bulb dehiscence—all 
of which can be seen by high-resolution temporal 
bone CT [66]; likewise, similar symptoms and 
audiologic exam signs may be seen in conditions 
such as perilymphatic fistula. A common struc-
tural finding in all of these conditions is an otic 
capsule defect that creates a “third mobile win-
dow.” As a minority of SSCD and near-SSCD 
patients may have persistent or recurrent TWS 
symptoms after surgery, the presence of multiple-
sites of dehiscence is an important principle to 
understand [64–66, 349–351].

 Pathophysiology

Due to the numerous sites of dehiscence and lab-
yrinth defects that can cause TWS, no one etiol-
ogy can be identified. In the case of SSCD and 
other canal defects, dehiscence may be due to 
congenital underdevelopment or weakening of 
the temporal bone followed by an inciting event 
later in life including high intracranial or middle 
ear pressures or age-related bony erosion [352]. 
A hereditary predisposition has been proposed as 
well due to familial occurrence [353]. Bilateral 
dehiscence is seen in about 25% of patients, with 
a predilection for the left side in unilateral SSCD 
[352]. Canal bony thinning is seen in 1.3% of 
individuals, and frank dehiscence is estimated in 
about 0.7% of the population through cadaveric 
temporal bone examination [354]. Though one 
study found higher rates of SSCD in women 
(55%), the authors noted that women aged 26–54 
exhibit higher rates of outpatient healthcare utili-
zation compared to men, most disparately among 
ages 26–54 (the same age range in which SSCD 
is most commonly diagnosed) [352].

These TWS patients experience sound- 
induced dizziness (gravitational receptor [oto-
lithic] dysfunction type of vertigo) and autophony 
(e.g., resonant voice, hearing heartbeat, hearing 
eyes move or blink, joints moving, chewing, 
hearing heel strikes, and/or joints popping or 
moving). They also experience auditory symp-
toms such as autophony and aural fullness (94%) 
or tinnitus, improved with Valsalva or supine 

positioning (50%) [355]. Cognitive dysfunction, 
migraine headaches, and migraine variants 
including vestibular migraine, oscillopsia, auto-
nomic dysfunction, and spatial disorientation 
may be seen as well [65, 66, 350]. On audiologic 
exam, ipsilateral pseudoconductive hearing loss 
may be seen in the ear with TWS.  Cervical 
vestibular- evoked myogenic potential (cVEMP) 
testing can aid diagnosis with findings of abnor-
mally reduced cVEMP response threshold and 
increased amplitude [64, 65]. In patients with 
high index of suspicion for SSCD or TWS, high- 
resolution temporal bone CT without contrast 
should be used to identify an area of dehiscence. 
It is important to have the images formatted in the 
axial, coronal, Pöschl, and Stenvers views and 
inverted images are particularly well-suited to 
identifying the site of dehiscence [66].

 Treatment

For patients with debilitating symptoms, treat-
ment options consist of surgical elimination of 
the third window returning to the natural two 
windows. For the most common etiology, SSCD, 
this can be accomplished by surgical resurfacing 
and/or plugging of the superior semicircular 
canal by a middle cranial fossa or transmastoid 
approach [356]. This definitive correction gener-
ally improves autophony and dizziness symp-
toms as well as quality of life and shows 
normalization on audiologic and cVEMP testing 
[65, 356–358]. Round window reinforcement has 
also been introduced as a less invasive potential 
approach for reducing SSCD symptoms [359]. 
For third windows that cannot be accessed and 
managed directly because of potential morbidity, 
such as cochlea-facial nerve dehiscence, round 
window reinforcement is the management strat-
egy used [66].

 Pregnancy

TWS secondary to SSCD has been reported to 
occur during pregnancy, hypothesized to result 
from bone demineralization that may occur dur-
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ing pregnancy [360]. Contraction-related 
Valsalva maneuver during labor has been 
reported to act as an inciting event for TWS dur-
ing the peripartum period [361]. Therefore, 
new-onset gravitational receptor (otolithic) dys-
function type of vertigo during pregnancy or the 
peripartum period with symptoms consistent 
with TWS should be appropriately referred to a 
neurotologist for management.

Patients with history of traumatic brain injury 
and psychiatric comorbidities such as posttrau-
matic stress disorder, major depressive disorder, 
functional neurologic symptom disorder, and 
somatic symptom disorder (formerly conversion 
disorder) may have worse surgical outcomes [65].

 Conclusion

Otologic and neurologic disorders can commonly 
occur during pregnancy. While some symptoms 
and complaints are related to physiologic changes 
of pregnancy, are transient in nature, and resolve in 
the postpartum period, a number of otologic and 
neurotological disorders have increased incidence 
and morbidity among the pregnant population. 
Proper recognition and appropriate treatment of 
otologic and neurotological disorders is incum-
bent upon all providers seeing pregnant patients in 
a healthcare setting. In management decision-
making, proper consideration must be given to 
fetal risk, maternal risk, natural course and prog-
nosis of disorder, and patient preferences. The sec-
ond trimester is the safest time to initiate treatment. 
Treatment of otologic symptoms among pregnant 
patients should be co- managed between obstetri-
cians and otologists–neurotologists.
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31Management of Mental Health 
Disorders in Pregnancy

Diego Garces Grosse and Rashi Aggarwal

 Introduction

The term perinatal mental illness encompasses 
psychiatric disorders that are prevalent during 
both pregnancy and the postpartum. The typical 
associated postpartum timeframe is between 
4  weeks and 3  months after delivery, but some 
authors consider the duration to be up to 1 year 
after delivery. Mental disorders that predate the 
pregnancy but relapse during pregnancy or post-
partum are also considered perinatal mental ill-
ness [1]. What is considered perinatal mental 
illness ranges from mild anxiety or depression to 
mania and full-blown psychosis.

The estimated worldwide prevalence rate for 
mental illness is 10% in pregnant women and 
13% in postpartum women [2]. In the USA, there 
is no significant difference in the 12-month prev-
alence of mental illness between women who 
were pregnant in the past year (25.35%), those in 
the postpartum phase (27.5%), and non-pregnant 
women of childbearing age (30.1%) except for 
the increased risk of depressive disorders in post-
partum women (9.3%) versus non-pregnant 
women (8.1%). Pregnancy, per se, is not consid-
ered a risk factor for mental illness, nor is it pro-

tective from mental illness as was erroneously 
believed in the past [3].

One study [4] reported that 10.3% of over 
340,000 American women who delivered a child 
between the years 2006 and 2011 were prescribed 
a psychotropic medication. The percentage var-
ied from state to state, ranging from 6% to 15%. 
The most common drugs prescribed were selec-
tive serotonin reuptake inhibitors (SSRIs) and 
benzodiazepines.

Therefore, many questions arise regarding the 
management of mental illness in pregnant women 
such as the type of treatment to use, the necessity 
of medications, and the relative risks of treatment 
and side effects.

In the sections that follow we discuss the 
above questions in the context of the major 
classes of mental illness: depressive disorders, 
anxiety, bipolar disorder, and psychoses. 
Depressive disorders include both major depres-
sion and the so-called postpartum blues and we 
discuss both.

 Depressive Disorders

 Major Depression

Major depressive disorder (MDD) is defined as a 
period of at least 2 weeks with depressed mood 
or anhedonia (loss of interest or pleasure in previ-
ously pleasurable activities) for the majority of 
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Table 31.1 DSM-5 diagnostic criteria for major depres-
sive episode

DSM-5 diagnostic criteria for major depressive episode 
[5]
At least one of following 2 for at least 2 weeks:
1  Depressed mood most of the time
2  Diminished interest or pleasure in all or almost all 

activities
Five or more of the following symptoms for at least 2 
weeks:
3  Significant weight loss or weight gain. Alternatively, 

decreased or increased appetite
4  Insomnia or hypersomnia almost every day
5  Psychomotor agitation or retardation nearly every day
6  Fatigue or loss of energy nearly every day
7  Feelings of worthlessness or excessive or 

inappropriate guilt
8  Diminished ability to think or concentrate
9  Recurrent thoughts of death or suicidal ideation

the time, accompanied by at least five of the fol-
lowing: unintended increase or decrease in appe-
tite or weight, insomnia or hypersomnia, 
psychomotor agitation or retardation, fatigue or 
loss of energy, feelings of worthlessness or guilt, 
difficulty with attention and concentration, and 
recurrent thoughts of death or suicide [5] 
(Table 31.1).

Following puberty, the prevalence of MDD in 
women ranges from 10% to 20%, which is almost 
twice that of men [6]. The prevalence of 
 depression during pregnancy is around 11% in 
the first trimester and 8.5% in the second and 
third trimesters [7]. Many of the depressive epi-
sodes that occur during pregnancy represent the 
first such event in the woman’s lifetime [8] and 
can go undiagnosed more frequently in pregnant 
women than in non-pregnant women [9].

The pathogenesis of depression remains 
unknown, as does the degree to which perinatal 
depression differs from non-perinatal depression 
[10]. It is suggested that some of the factors that 
are involved in perinatal depression are genetic 
inheritance [11], hormonal changes, and social 
and psychological factors.

The prevalence of suicide in pregnant women 
is lower than that of the general population of 
women in the same age group [12]. One study 
found that the rate of suicide in pregnant women 

is approximately one quarter (27%) of that of the 
general population of women in the same age 
group [13].

 Special Considerations Related 
to Pregnancy
Prenatal maternal depression has been associated 
with multiple negative obstetrical outcomes dur-
ing both pregnancy and delivery as well as in 
developmental problems of the neonate, infant, 
and child [6, 14]. Table 31.2 lists the major asso-
ciated risks and potential risks where association 
with prenatal maternal depression has not been 
clearly established.

Further, prenatal depression has not been 
found to be associated with hypertensive disor-
ders during pregnancy, gestational diabetes, or 
placental abruption [18].

 Treatment During Pregnancy
A pregnant patient diagnosed with depression 
needs to be initially assessed in terms of severity 
of the depressive episode. Combinations of psy-
chotherapy and pharmacological treatment are 
often used to varying degrees depending on 
severity. It is also important to take into account 
if the patient has been diagnosed with depression, 
and treated, prior to pregnancy. In these cases, 
continuation of previous treatment is generally 
indicated. If a patient has been effectively treated 
with psychotherapy before, it would be expected 
to be effective again. The same applies to phar-
macologic treatment.

For patients newly diagnosed with mild to 
moderate episodes, the first recommendation is 
psychotherapy—most commonly cognitive- 
behavioral therapy (CBT) and interpersonal ther-
apy [27–29].

 Cognitive-Behavioral Therapy (CBT)
As the name implies, CBT consists of two 
approaches to therapy: a cognitive approach and a 
behavioral approach. The cognitive portion of 
CBT aims to modify a patient’s dysfunctional 
thoughts by cognitive restructuring. This involves 
reframing distorted beliefs (e.g. “I’m a bad per-
son”) by challenging them while considering alter-
native, more benign explanations for those beliefs.
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Table 31.2 Major associated risks and potential risks association with prenatal maternal

Associated increased risk
Spontaneous 
abortion

Maternal depression during pregnancy appears to be associated with a small increase in risk of 
spontaneous abortions, with a relative risk of 1.1–1.2 compared to non-depressed women [15, 
16]

Bleeding A small increase in risk of hemorrhage during pregnancy and/or the postpartum period has 
been observed [17, 18]

Operative delivery Maternal depression has been observed to be associated with operative deliveries, caesarian 
sections, or instrumentally assisted deliveries [18] with a relative risk of up to 1.3 compared to 
non-depressed women [19]

Preterm birth Several studies have consistently shown an association between maternal depression and 
preterm birth [18, 20]

Breastfeeding Maternal depression is associated with a small increased risk of delay in starting breastfeeding 
[14]

Sudden infant death 
syndrome

Untreated depression during pregnancy may be associated with sudden infant death syndrome 
[21]

Sleep problems Neonates born of depressed mothers show a disturbed and disorganized sleep pattern, with less 
time in deep sleep [22]

Cognitive 
functioning

High levels of depressive symptoms during pregnancy are associated with delayed 
development and decreased cognitive performance in children born to depressed mothers [23]

Depression later in 
life

Children born to mothers depressed during pregnancy have a greater risk of suffering from 
depression through childhood and adolescence [24]

Association not clearly established
Teratogenicity It is unclear if there is an increased risk for teratogenicity with maternal depression because 

the evidence is conflicting [25, 26]
Stillbirth As with teratogenicity, conflicting evidence makes it difficult to clarify if there is a real 

association between maternal depression and risk for stillbirths [25, 26]

The behavioral part of CBT aims to modify 
problematic behaviors that result from distorted 
beliefs, depressive symptoms, and multiple stim-
uli. It does this by different techniques like prob-
lem solving, behavioral activation, breathing 
exercises, physical exercise, and muscle relax-
ation. The use of CBT has proven effective in the 
general population of patients with depression 
[30] and also in patients with antenatal depres-
sion [31].

 Interpersonal Psychotherapy

Interpersonal psychotherapy during pregnancy 
mainly focuses on role transitions (becoming a 
mother) and role disputes (conflicts with others 
who have different expectations in the relation-
ship). Studies have found that interpersonal psy-
chotherapy is effective for treating perinatal 
depression [32].

 Medications

In some cases of mild to moderate depression, 
antidepressant medication may be a reasonable 
option given the following considerations [33]:

• Psychotherapy is not available, or the patient 
does not accept it.

• Patient prefers pharmacotherapy (has received 
previous treatment and responded well).

• Patient has a history of severe depression, and 
thus, mild depression could progress to severe.

In such cases, three classes of drugs are con-
sidered: SSRIs, SNRIs, and bupropion.

 SSRIs
Selective serotonin reuptake inhibitors (SSRIs) 
are the most studied class of antidepressants in 
pregnancy. In a study [34] with more than 64,000 
pregnant women who were prescribed antide-
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pressants in the first trimester, 72% were pre-
scribed SSRIs. The most commonly prescribed 
and studied SSRIs are fluoxetine and sertraline. 
Less commonly studied are citalopram, escitalo-
pram, fluvoxamine, and paroxetine. Of these, 
paroxetine is considered the riskiest.

Most of the studies suggest that the use of 
SSRIs during pregnancy is not associated with 
malformations or birth defects [18, 35, 36]. There 
are a few studies that have found a small potential 
increase in cardiovascular defects [37], most spe-
cifically with paroxetine [38]. The use of SSRIs 
during pregnancy has not been associated with 
perinatal death [39] nor with spontaneous abor-
tions [40].

Pertaining to maternal health, the relative risk 
of postpartum hemorrhage is doubled when tak-
ing SSRIs as shown in a study where 18% of 
women taking SSRIs had postpartum hemor-
rhage compared to 9% of those who were not 
exposed [41]. Also, in women who did have post-
partum hemorrhage, the average amount of blood 
lost was greater in those taking SSRIs [41].

A small association has also been found 
between women taking SSRIs and preterm deliv-
ery [42]. A study found that, on average, women 
taking SSRIs deliver 3 days earlier than women 
not exposed to SSRIs [40].

It is unclear if exposure to SSRIs during 
pregnancy is associated with low birth weight. 
Some evidence suggests that the relative risk for 
low birth weight is 1.5 in neonates born to moth-
ers exposed to SSRIs during pregnancy [43]. A 
meta- analysis found that, on average, neonates 
born to mothers exposed to SSRIs weigh 74 g 
less than those born to non-exposed mothers. 
However, the difference is not considered clini-
cally significant [40].

There is conflicting evidence about the rates 
of preeclampsia in women being treated with 
SSRIs. Some studies have found an increase [44], 
some no change [18], and some a decrease [45].

 SNRIs
In addition to SSRIs, another class of medica-
tions often used for the treatment of depressive 
episodes is serotonin and norepinephrine reup-
take inhibitors (SNRIs). These are far less com-

monly prescribed than SSRIs and consequently, 
much less studied. The most studied among the 
SNRIs are duloxetine and venlafaxine. There is 
very little evidence for the use of other SNRIs 
like milnacipran, levomilnacipran, and desvenla-
faxine [46].

SNRIs are not considered teratogenic and they 
have not been associated with malformations 
[35]. Neonates born to mothers taking SNRIs 
during pregnancy have not shown to have an 
increased risk of congenital cardiac defects [34].

Several studies suggest that SNRIs are associ-
ated with postpartum hemorrhage [47]. More 
specifically, a study found that women who were 
treated with venlafaxine during the last 30 days 
of pregnancy have a higher risk of postpartum 
hemorrhage (11%) than those who were not 
exposed (7%) [48].

It is not clear if SNRIs are associated with 
spontaneous abortions. For example, there are 
conflicting results regarding duloxetine; one 
study showed a relative risk of 3 [49], while the 
Eli Lilly pharmacovigilance system reports an 
incidence equal to that of general population 
[50]. Results for venlafaxine have been also con-
flicting; however, the evidence suggests that it is 
not likely to be associated with spontaneous 
abortions [51, 52].

There is also conflicting evidence about the 
association of SNRIs with hypertensive disorders 
in pregnancy. Some studies suggest that venla-
faxine results in a mild increase in the risk of pre-
eclampsia [53]. Duloxetine, however, was not 
found to increase the risk for preeclampsia [54].

 Bupropion
Bupropion is yet another therapeutic agent com-
monly used for treating depression. It belongs to 
the class of norepinephrine and dopamine reup-
take inhibitors (NDRIs).

Bupropion is generally considered low risk for 
teratogenicity [29, 34, 35]. The “Bupropion 
Pregnancy Registry” study found that there is no 
significant increase in the risk of birth defects as 
a result of the use of bupropion during pregnancy 
[55]. A few studies have found an association 
with the increase in risk of cardiac defects in 
newborns whose mothers were exposed to bupro-

D. G. Grosse and R. Aggarwal



473

pion during pregnancy; this risk is considered to 
be 2–3 times that of the general population, how-
ever the absolute risk is considered small with 
2.1–2.8 cases per 1000 births [56].

There is evidence that the use of bupropion 
may be associated with spontaneous abortions 
with a relative risk of 3 compared to women who 
were not exposed to it [57].

Bupropion does not appear to be associated 
with increased risk of hypertensive disorders dur-
ing pregnancy [53], postpartum hemorrhage [58], 
low birth weight [59], or preterm birth. In fact, 
one study found that women who received bupro-
pion during pregnancy have a lower likelihood of 
having a preterm delivery [60].

 Recommended Treatment
Overall, the recommend course of action is to 
identify patients who may be showing symptoms 
of depression as described in Table 31.1. Mild to 
moderate cases may receive initial treatment with 
psychotherapy alone, while more severe cases, or 
patients who have had severe episodes in the past, 
or patients not amenable to receive psychother-
apy should be started on SSRIs as the first line of 
pharmacological management. Patients who have 
responded to medications other than SSRIs in the 
past may be started on that same medication. 
Patients who continue to worsen or do not show 
improvement may need inpatient psychiatric 
treatment.

 Postpartum Blues

Postpartum blues, belonging to the cluster of 
postpartum mood disturbances, is a transient con-
dition that presents with several mild depressive 
symptoms that develop in nearly 50% of women 
who have given birth within a week of delivery 
[61]. The symptoms include a depressed mood, 
crying, irritability, anxiety, insomnia, exhaustion, 
and decreased concentration. It is considered 
nonpathological subclinical depression. 
Nonetheless, it is important that it be recognized 
because women who go through postpartum 
blues are nearly 4 times as likely to develop post-

partum depression and anxiety disorders than 
women who do not [62].

Though the etiology is still unknown, studies 
suggest that postpartum blues result from a 
decrease in estrogen levels during the days fol-
lowing delivery, which in turn results in an eleva-
tion of monoamine oxidase-A (MAO-A) [63] and 
decreased serotonergic activity [64].

Postpartum blues usually does not require 
specific treatment as it resolves spontaneously 
over 2 weeks. Management is generally conser-
vative, with watchful waiting, and frequent sup-
port and reassurance.

Patient should be referred for treatment if 
symptoms do not improve or worsen over 
2 weeks or if there is suicidal ideation or risk for 
suicidality. In this case, the patient is likely to 
have developed postpartum depression and needs 
treatment.

 Anxiety

Anxiety is the second most common psychiatric 
disorder during pregnancy and in the postpartum 
period [65], with a prevalence ranging between 
15% and 22% [66].

Pregnancy by itself is a stressful period with 
the many physiological and social changes it 
brings and the potential challenges it introduces. 
These stressors can result in higher anxiety levels 
in pregnant and postpartum women. Given that 
pregnancy comes with physical changes, it may 
be difficult to differentiate between the physical 
symptoms and unspecific complaints such as 
fatigue, loss of energy or appetite, and sleep 
changes that arise from pregnancy and those aris-
ing from anxiety. It is as a result of this that anxi-
ety often goes undiagnosed [67, 68].

 Special Considerations Related 
to Pregnancy

A meta-analysis of 29 studies concluded that 
maternal prenatal anxiety is significantly associ-
ated with preterm birth (OR of 1.54 versus con-
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trols) and low birth weight (OR of 1.8 versus 
controls) with an average of 143 g below controls 
for babies with diagnosed mothers and 55  g 
below controls for babies with symptomatic 
undiagnosed mothers [69].

Anxiety has not been shown to be associated 
with lower Apgar scores or preeclampsia. 
Anxiety has also not been shown to be associ-
ated with incidence of instrumental or operative 
delivery [70].

 Treatment During Pregnancy

Family support and relaxation techniques are 
usually the first step in managing anxiety during 
pregnancy [71]. Psychotherapeutic techniques 
like cognitive-behavioral and interpersonal 
 therapy are also effective methods in treating 
anxiety [72]. Their use during pregnancy is dis-
cussed in the depressive disorder section above. 
It is when support and psychotherapeutic 
approaches do not appear to improve a patient’s 
condition or when symptoms are becoming too 
distressing that medication is indicated.

 Medications

The most commonly used classes of medication 
for the treatment of anxiety in pregnant women 
are SSRIs, benzodiazepines, gabapentin, and 
antihistamines.

 SSRIs

SSRIs are commonly used to treat moderate to 
severe anxiety disorders. Considerations for their 
use during pregnancy are discussed above in the 
depressive disorder section.

 Benzodiazepines
Benzodiazepines are commonly used to treat 
severe anxiety (as in panic disorder or GAD) in 
the general population. They can also be used to 
manage severe anxiety during pregnancy. 
Benzodiazepines with shorter half-lives are gen-

erally preferred. Benzodiazepines do, however, 
appear to be associated with an increased risk for 
spontaneous abortions as evidenced by a meta- 
analysis with an OR of 2 [73].

It is unclear if benzodiazepines are teratogenic 
as conflicting results have supported both asso-
ciation and non-association [74]. If a real associ-
ation does exist, the effect is considered small 
[75]. For example, benzodiazepines have been 
associated with an increased risk for oral clefts 
(lip, palate, or both) [75]. However, the increased 
risk is considered small because only about 6 in 
10,000 births in the general population result in 
these birth defects and benzodiazepines raise that 
risk to 11  in 10,000 births. Even though the 
increase is almost double, the absolute numbers 
remain small [74].

Benzodiazepines may be associated with pre-
term birth with greater likelihood stemming from 
earlier exposure, i.e. in the first trimester [76]. 
There does not appear to be any correlation 
between exposure to benzodiazepines during 
pregnancy and low birth weight [73].

Notably, studies have found some postnatal 
effects in neonates when exposure to benzodiaz-
epine was close to delivery. Symptoms include 
low Apgar scores, apnea/hypopnea, lethargy, 
tremors, hypotonia, irritability, and poor feeding 
[75, 76]. Neonates may experience withdrawal 
symptoms, such as hypoventilation, irritability, 
hypertonicity, and a syndrome that includes 
hypotonia, lethargy, and sucking difficulties, 
soon after delivery if exposure was long and 
symptoms may persist for up to 3 months [76]. 
There does not appear to be any correlation 
between exposure to benzodiazepines during 
pregnancy and neurocognitive or behavioral 
development in babies [77].

 Gabapentin

Gabapentin is a GABA analogue drug with an 
inhibitory neurotransmission effect traditionally 
used as an antiepileptic. It is also often used to 
treat anxiety and insomnia. No associations have 
been found between gabapentin treatment during 
pregnancy and birth defects, abortions, or still-
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births [78]. However, although considered safe, it 
does present an overall increase in the risk for 
preterm birth (10.5% vs 3.9%) and low birth 
weight (10.5 vs. 4.4%) [78]. It should be noted 
that maternal gabapentin in the third trimester 
significantly increases the risk for need of neona-
tal ICU after delivery [78].

 Buspirone

Buspirone is another commonly used anxiolytic 
proven to decrease symptoms of anxiety, compa-
rable to benzodiazepines over long term use with 
lower frequency of side effects [79]. Over the 
short term, benzodiazepines have a quicker onset 
on decreasing anxiety symptoms. Although 
 animal models have shown no association of bus-
pirone with negative outcomes of pregnancy, 
there are no studies to support that the same 
applies in human subjects. Interestingly enough, 
rat models have shown that maternal buspirone 
may have a protective factor against stress in 
infant and adult rats [80, 81].

 Antihistamines

Some antihistamines, specifically hydroxyzine 
and diphenhydramine, can be used for the treat-
ment of anxiety. Of these, hydroxyzine is the pre-
ferred course for treatment of anxiety during 
pregnancy. It is often considered equivalent to 
buspirone in efficacy [82]. The sedating effects of 
antihistamines can also help with insomnia asso-
ciated with anxiety [82]. The above being said, 
there are few studies on the use of antihistamines 
for anxiety during pregnancy given that they are 
contraindicated in all three trimesters [83, 84]. 
Hydroxyzine and diphenhydramine have been 
associated with orofacial clefts in the neonate if 
taken during the first trimester [85]. Several other 
antihistamines have been reported to increase the 
risk of spontaneous abortions and preterm births, 
although the evidence has been conflicting [86]. 
A case report suggested that the use of hydroxy-
zine during the third trimester may be associated 
with neonatal seizures [87].

Antihistamines are sometimes used for the 
prevention and management of extra-pyramidal 
symptoms (EPS) secondary to antipsychotic use. 
Anticholinergics like benztropine and trihexy-
phenidyl are more commonly used for EPS in the 
general population; however, their risk of terato-
genicity is greater than that of antihistamines 
[88]. Therefore, the antihistamine diphenhydr-
amine with its lower risk of teratogenicity is con-
sidered the treatment of choice for secondary 
EPS in pregnant women. Note that given the 
associated risks of malformation and the unclear 
risk of preterm birth [86, 88], the dose should be 
the lowest possible that is still effective and the 
duration of treatment the shortest possible.

 Recommended Treatment

As with depression, the recommended course of 
action is relaxation techniques and family sup-
port. If those do not prove adequate, mild and 
moderate cases of anxiety should be treated with 
psychotherapeutic approaches like CTB and 
interpersonal therapy. Treatment can be escalated 
from there if symptoms progress.

In more severe cases, the clinician should 
weigh the risk of treatment versus the risk of non- 
treatment. SSRIs are considered mostly safe and 
effective, but they typically take longer to result 
in clinical improvement compared to other medi-
cations [34]. In cases of severe anxiety or agita-
tion or when clinical improvement is required in 
a shorter period, benzodiazepines can be used 
with the lowest effective dose and for the shortest 
period possible [73].

 Bipolar Disorder

Bipolar disorder is a mood disorder characterized 
by the presence of depressive episodes and manic 
or hypomanic episodes. To diagnose a patient 
with bipolar disorder, there must be at least one 
manic episode or one hypomanic episode and one 
depressive episode [5].

Manic episodes are defined as a period of 
abnormally and persistently elevated, expansive, 
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or irritable mood along with increased energy for 
a least 1 week. They must be accompanied by at 
least three of the following: inflated self-esteem 
or grandiosity; decreased need for sleep; talk-
ativeness or pressured speech; flight of ideas; dis-
tractibility; increased activity levels or 
psychomotor agitation; and/or excessive involve-
ment in activities with potential for negative out-
comes (buying sprees, sexual indiscretion, 
foolish investments). A hypomanic episode con-
stitutes the same symptoms, albeit milder and for 
at least 4 days [5] (Table 31.3).

The prevalence of bipolar disorder in the USA 
is about 0.6%. The prevalence around the world 
ranges from 0.0% to 0.6% and affects males more 
than females in a ratio of 1.1:1 [5].

Bipolar disorder in women usually begins dur-
ing the onset of reproductive age and after the 
first episode most patients are at risk for recurrent 
episodes. Euthymic (i.e. controlled patients with-
out symptoms of mania or depression) bipolar 
patients usually receive maintenance therapy to 
prevent new episodes [75].

It is not known if pregnancy has an effect on 
mood episodes as there is conflicting evidence 
stating that some patients may have decreased 
risk of mood episodes during pregnancy, whereas 
in other patients the course of illness may worsen 
or remain unchanged during pregnancy [89].

The risk of recurrence of mood episodes 
appears to be highest in the first trimester. A 
study that included 63 patients who had mood 

episodes during the course of their pregnancy 
found that 66.6% of the patients had mood epi-
sodes in the first trimester, 28.3% in the second 
trimester, and 9.5% in the third trimester [89].

 Special Considerations Related 
to Pregnancy

Women who experience mood episodes (manic, 
hypomanic, or depressive) during pregnancy may 
be affected negatively by these episodes, result-
ing in potential harm to themselves and/or the 
fetus. The recognized risks are:

• Manic/hypomanic episodes: Impulsive and 
risky behavior, substance abuse, malnutrition, 
poor adherence to prenatal care, disrupted 
family functioning.

• Depressive episodes: Suicidal behavior, poor 
self-care, poor adherence to prenatal care, 
malnutrition resulting in low birth weight, 
diminished mother-infant bonding, and the 
obstetric and developmental outcomes 
described in depression section.

For patients already on medication (prior to 
the onset of pregnancy or during pregnancy), 
there are significant risks of discontinuing medi-
cation during pregnancy [90]. These include:

• Increased recurrence of episodes during 
pregnancy

• Abrupt discontinuation may precipitate a 
mood episode.

• More difficulty in treating recurrent episodes 
during pregnancy

• Possible exposure of the fetus to more medi-
cations, or higher doses of medication

• Higher risk of postpartum recurrences

 Treatment During Pregnancy

Maintenance treatment during pregnancy pre-
vents the recurrence of mood episodes. A study 
that included euthymic pregnant patients found a 
recurrence rate of 37% in those who were on 

Table 31.3 DSM-5 diagnostic criteria for manic 
episode

DSM-5 diagnostic criteria for manic Episode [5]
A period of abnormally elevated, expansive, or irritable 
mood and increased activity or energy for at least 
1  week, accompanied by three or more of the 

following:
1  Inflated self-esteem or grandiosity
2  Decreased need for sleep
3  More talkativeness than usual
4  Flight of ideas or racing thoughts
5  Distractibility
6  Increased goal-directed activity
7  Excessive involvement in activities with potential for 

negative consequences
Note: The mood disturbance has to be severe enough to 
impair social or occupational functioning.

D. G. Grosse and R. Aggarwal



477

maintenance medication versus 86% in those 
who were not [89].

The current recommendation for bipolar 
patients who want to conceive is to wait until a 
period of clinical stability of at least 6–12 months 
[91]. A study found that a shorter period of clin-
ical stability between the last mood episode and 
pregnancy is correlated with an increased risk of 
mood episodes and recurrences during preg-
nancy [89].

 Pharmacotherapy

For most patients with an established diagnosis, 
continued treatment is recommended. Some 
pregnant women may develop a new onset of 
mild mood episodes during pregnancy that can 
self-limit such as minor depressive episodes or 
some episodes of hypomania. These cases may 
not require medication. Pharmacotherapy is indi-
cated if more severe symptoms arise, such as sui-
cidal or homicidal ideations or behavior, 
psychosis, poor judgment, or involvement in 
activities that may pose risk for harm to patient or 
others, social or occupational impairment, or 
aggression [10].

 Antipsychotics
Antipsychotics are commonly the first line of 
treatment in episodes of acute mania. Haloperidol 
is usually the first choice given its efficacy and 
safety in pregnancy [92]. Nonetheless, a study of 
prevalence of antipsychotic use during pregnancy 
between 2001 and 2007 found that second- 
generation antipsychotics are used more often 
(0.7%) than first-generation antipsychotics 
(0.1%) [93]. In episodes of bipolar depression, 
quetiapine, of all antipsychotics, has proven 
greater efficacy [94]. Most of the studies have 
found that there is no increased risk of malforma-
tions with prenatal exposure to first- and second- 
generation antipsychotics [95, 96], with the 
exception of one study that found that risperidone 
showed a small increase in risk for overall mal-
formations of 1.2 when compared to unexposed 
newborns [97].

Postnatal effects have been observed in neo-
nates born to mothers taking antipsychotics dur-
ing the third trimester. The effects may be a 
consequence of neonatal toxicity and/or with-
drawal from the antipsychotics [75]. Symptoms 
of these effects in neonates may include: 
increased or decreased muscle tone, hyperre-
flexia, tremors, irritability, crying, or restlessness. 
The frequency of incidence is low and symptoms 
are more likely to occur with first-generation 
antipsychotics and risperidone than with second- 
generation antipsychotics [96]. Symptoms are 
usually self-limited, subside within hours to days, 
and usually do not require specific treatment 
[96].

An association with birth weight is unclear for 
both first- and second-generation antipsychotics. 
For first generation, there is conflictive evidence 
showing no association with abnormal birth 
weight [98], while others suggest that, on aver-
age, newborns exposed in-utero have a decreased 
birth weight than those who were not exposed 
[99]. Similarly, for second generation, conflicting 
results have shown association with both higher 
[99] and lower [100] birth weights.

 Lithium
Lithium is the third element in the periodic table 
and in the 1950s its salts became the first medica-
tion dedicated to treating bipolar disorder. [101] 
Since then, lithium has remained one of the main 
medications for treating bipolar disorder because 
of its high efficacy, especially in acute mania. 
There is evidence that shows that it also helps 
decrease suicidality [102].

While lithium’s mechanism of action is still 
unknown, several hypotheses suggest that it 
works by the stimulation of inhibitory neuro-
transmission and the inhibition of excitatory neu-
rotransmission [103].

Unfortunately, lithium is largely associated 
with congenital defects and malformations [104]. 
The most commonly associated conditions 
appear to be cardiac defects, mainly Ebstein’s 
anomaly (abnormal tricuspid valve and right ven-
tricle), right ventricle obstruction defects, coarc-
tation of the aorta, and mitral atresia [75, 105].
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It is unclear if the use of lithium is associated 
with spontaneous abortions. One study found 
similar frequencies of spontaneous abortions and 
stillbirths with controls [106]. However, a second 
study found that women exposed to lithium dur-
ing the first trimester had a higher risk (16%) for 
spontaneous abortions than non-exposed women 
(6%) [104].

The use of lithium during pregnancy 
appears to be associated with preterm birth. A 
prospective study found that women who 
received lithium during the first trimester had 
a greater rate of preterm delivery (14%) than 
women who were treated with non-teratogenic 
substances (6%) [104]. Birth weight appears 
to increase upon in- utero exposure to lithium 
but the increase has not been found to be sig-
nificant [106].

The use of lithium during the second and third 
trimesters is associated with neonatal complica-
tions such as cardiomegaly, GI bleeding, thyroid 
problems, hepatomegaly, and nephrogenic diabe-
tes insipidus [107, 108].

Newborns exposed to lithium near delivery 
may experience lithium toxicity characterized 
by low Apgar scores, apnea/hypopnea, brady-
cardia/tachycardia, arrhythmias, lethargy, 
hypotonia, poor reflexes, twitching, and sei-
zures. Lithium toxicity is more commonly seen 
in newborns with higher serum lithium levels 
[107, 108].

 Antiepileptics
Antiepileptic drugs (AEDs) are generally used as 
mood stabilizers for maintenance treatment of 
bipolar disorder [109]. The AEDs typically pre-
scribed for mood stabilization are valproic acid, 
lamotrigine, carbamazepine, and oxcarbazepine. 
It is recommended that female bipolar patients 
begin counseling before starting maintenance 
therapy because AEDs have a high risk for terato-
genicity. Thus, they are usually not recommended 
for women of childbearing age and are usually 
given in conjunction with contraceptive methods 
[95]. Of the AEDs, lamotrigine is preferred for 
maintenance during pregnancy [110]. In such 
cases, it is recommended to start lamotrigine 
before pregnancy because initiating it during 

pregnancy may be complicated by the need for a 
slow titration and the difficulty in achieving ther-
apeutic levels.

 Recommended Treatment

 Mania or Hypomania
In cases of acute mania, the general recommen-
dation is first-generation antipsychotics; namely, 
haloperidol, given its efficacy and safety [92]. 
Alternative first-generation antipsychotics 
include fluphenazine, chlorpromazine, and per-
phenazine. Approximately 50% of the patients 
are expected to respond to the treatment by first- 
generation antipsychotics [111]. The efficacy of 
haloperidol is comparable to that of risperidone 
and olanzapine and appears to be superior to that 
of quetiapine and lithium [92].

 Bipolar Depression
In cases of bipolar depression, quetiapine appears to 
have comparable efficacy with lamotrigine [112], in 
addition to the advantage of easier titration and 
shorter time of response. For patients who fail to 
respond to quetiapine and lamotrigine, a combina-
tion of fluoxetine and olanzapine [113] appears to 
be comparable to the combination of lamotrigine 
and lithium; however, the former is preferred given 
the potential teratogenicity of lithium.

 Psychoses

Psychotic disorders are defined in DSM-5 by five 
main symptoms, which are delusions, hallucina-
tions, disorganized thinking or speech, disorga-
nized or abnormal motor behavior, and negative 
symptoms [5]. The prevalence of organic psy-
chotic disorders is usually under 1%, although 
medication-induced psychoses and psychoses 
secondary to medical conditions can go as high 
as 25% in the USA [5]. Although psychosis is the 
most recognized symptom of disorders like 
schizophrenia and schizoaffective disorders, 
many other psychiatric disorders like severe 
depression and mania can present with psychotic 
symptoms.
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DSM-5 defines peripartum psychosis and 
postpartum psychosis separately. Peripartum 
psychosis refers to onset from time of delivery to 
4 weeks following, while postpartum psychosis 
refers to onset after 4 weeks [5]. Postpartum psy-
chosis is often seen in bipolar patients but can 
also occur in women with depressive disorder, 
schizophrenia, or schizoaffective disorder. 
Postpartum psychosis is considered a psychiatric 
emergency because of an associated risk of 
infanticide.

 Special Considerations Related 
to Pregnancy

It is recommended that women with psychotic 
disorders strive for clinical stability before 
attempting to get pregnant. The risks associated 
with psychosis during pregnancy are similar to 
the risks associated with the disorders discussed 
above. They include suicidal ideation or behav-
ior, disorganized thought or behavior, overall 
risky behavior that poses a threat to the patient 
and the fetus. All of these behaviors warrant 
emergent treatment.

 Recommended Treatment

Women who are not already under treatment and 
develop psychosis during pregnancy require 
emergent treatment to prevent harm to self and 
possible negative outcomes of pregnancy. 
Treatment is usually started with antipsychotics 
as described above in the bipolar disorders sec-
tion. The risks and recommendations associated 
with antipsychotics during pregnancy are dis-
cussed in the prior section.

For women who are already on antipsychotic 
treatment and develop psychosis during preg-
nancy, it is recommended that the dosage of the 
antipsychotic be increased and titrated to the 
maximum therapeutically tolerated dose before 
starting a second drug in order to prevent expo-
sure of the fetus to multiple drugs. Although first- 
and second-generation antipsychotics are 
generally considered safe during pregnancy, it is 

preferred to minimize multiple drug exposure. If 
poor or no response is noted, then other medica-
tions can be added in a step-by-step approach. 
Electroconvulsive therapy, while used less often 
nowadays, is also a relatively safe option for 
treatment of acute psychotic episodes.

While anxiety and mild to moderate depres-
sive disorders may be managed by general practi-
tioners, it is important to note that more severe 
cases and conditions like bipolar disorder and 
psychotic disorders should ideally be managed 
by a psychiatrist.

 Conclusion

Mental illnesses have a significant prevalence 
during pregnancy and the postpartum period. 
Pregnancy, per se, is not considered to be a risk 
factor or protective factor for mental illness. 
Mental illnesses can be present before and con-
tinue through pregnancy, as well as they can 
newly develop during the course of pregnancy. 
The treatment of mental illnesses during preg-
nancy should focus on resolving the symptoms of 
the pregnant woman while minimizing the poten-
tial risks to the fetus. Milder forms of depression 
and anxiety can often be treated with and respond 
well to psychotherapeutic interventions and fam-
ily support. More severe cases, or patients who 
have presented severe forms prior to pregnancy 
often require medication to control symptoms. 
Women presenting with psychosis or mania dur-
ing require emergent intervention and medication 
to control symptoms. While several interventions 
can be initiated by a primary care physician, an 
emergency medicine doctor, or an obstetrician, 
consultation to a psychiatrist to manage psycho-
tropic medications remains the standard of care. 
Better medical care is provided when a psychia-
trist is involved in the multidisciplinary team.

 Risks of Different Medications

Table 31.4 lists the common complications with 
the different medications discussed in the sec-
tions above.
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32Management of Brain Tumors 
in Pregnancy

Oliver Y. Tang and James K. Liu

 Brain Tumors in the Pregnant 
Patient

 Overview and Incidence

The management of brain tumors is a multidisci-
plinary process that requires the concerted efforts 
of multiple specialties including neurology, neu-
rosurgery, oncology, radiation oncology, and pal-
liative care. However, the treatment of brain 
tumors during pregnancy is an even greater inter-
disciplinary challenge that necessitates the 
insights of additional specialties such as high- 
risk obstetrics and neonatal medicine. There are 
no recommendations or consensus guidelines 
surrounding the care of brain tumors during preg-
nancy, due to the rarity of this clinical entity. The 

purpose of this chapter is to summarize the inci-
dence, pathophysiology, diagnostic process, nat-
ural history, and treatment of brain tumors in the 
pregnant patient.

The incidence of central nervous system 
(CNS) tumors has a slight female predominance 
(57.9%) [1]. Among female patients, brain 
tumors have an incidence of approximately 5.2 
new cases per 100,000, falling outside of top 10, 
but are responsible for 3.5 deaths per 100,000, 
serving as the fifth leading cause of cancer death 
in women 20–39 years of age [2, 3]. CNS neo-
plasms in pregnancy are a rare clinical phenom-
enon. In one consecutive series of 126,413 
pregnant patients from 1983 to 1995  in Spain, 
only 7 patients were found to have brain tumors 
[4]. Among 5 hospitals in Southern California 
from 1978 to 1998, brain tumors were diagnosed 
in 32 out of every 100,000 pregnancies [5]. 
Another nationwide study from former East 
Germany from 1961 to 1979 observed a rate of 
3.6 brain tumors per million pregnancies [6]. 
Finally, analysis of nationwide United States 
(US) administrative data from 1988 to 2009 
quantified a rate of 816 pregnant patients with 
brain tumors out of 19,750,702, or a rate of 4 per 
100,000 [7]. In the same study, pregnant patients 
with brain tumors were 143 times more likely to 
die during hospitalization compared to counter-
parts without a brain tumor. Moreover, with 
improvements in brain tumor treatment, there has 
been an increase in patients with brain tumors, 
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especially in sustained periods of disease control, 
considering pregnancy [8]. For example, in one 
review of 27 studies, one-third of pregnant 
patients with a brain tumor had a known diagno-
sis before pregnancy [9].

Some studies have posited that the rate of 
brain tumors during pregnancy is lower than 
would be expected based on incidence rates in 
women of reproductive age in general [6]. There 
are several hypotheses that have been advanced 
to explained this. First, certain brain tumors like 
pituitary adenomas may cause CNS dysfunction 
with downstream effects on fertility, such as 
decreased libido or ovulatory dysfunction [6]. 
Second, some studies have hypothesized that 
pregnant patients with subclinical and yet undi-
agnosed tumors may have higher rates of early 
pregnancy loss [10]. Third, older case series may 
have likely underestimated brain tumor preva-
lence as they preceded recent advances in imag-
ing and the modern magnetic resonance imaging 
(MRI) era.

Several studies have corroborated that there 
does not seem to be a significant change in the 
distribution of brain tumor subtypes in pregnant 
patients compared to nonpregnant patients [3, 10, 
11]. Across several case series, the four most 
common pathologies are glioma, meningioma, 
vestibular schwannoma, and pituitary tumors. 
Several studies have also suggested that different 
brain tumor subtypes may have distinct patterns 
in which they most commonly present during 
pregnancy, such as gliomas in the first trimester, 
compared to meningioma and vascular tumors in 
the third trimester [10–12].

 Presenting Symptoms

Like in nonpregnant patients, brain tumors in 
pregnant patients may often present with nonspe-
cific symptoms like headache, altered mental sta-
tus, and vomiting. In an estimated 36–90% of all 
brain tumors, headache is the initial presenting 
concern [13]. While new-onset headaches in 
pregnancy may be due to more benign etiologies 
like the intravascular volume expansion or the 
exacerbation of an existing primary headache, 

warning signs that clinicians should be mindful 
of in pregnancy include signs of elevated intra-
cranial pressure (ICP), such as headaches with a 
positional nature, that are worse in the morning, 
gradual in onset, or unremitting or increasing in 
frequency [11]. While vomiting due to a brain 
tumor may be attributed to hyperemesis gravi-
darum, the latter commonly remits by the end of 
the first trimester, and patient vomiting continued 
into the second and third trimester may warrant 
suspicion of an intracranial neoplasm.

Other possible presenting symptoms include 
focal neurologic deficits, cranial nerve palsies, 
visual changes, and seizures [4]. An estimated 
30–50% of brain tumors during pregnancy ini-
tially present with seizures, with another 10–30% 
developing seizures later in disease progression 
[14]. For new-onset seizures in pregnancy, a dif-
ferential diagnosis to consider is eclampsia. Focal 
seizures suggestive of an intracranial mass and 
onset of seizures before 20 weeks can help dif-
ferentiate seizures induced by a neoplasm from 
eclamptic seizures, which are more likely to be 
generalized. In addition, non-eclamptic patients 
would lack characteristic disease features like 
hypertension and proteinuria. Another possible 
acute presentation for brain tumors during preg-
nancy is intracranial hemorrhage [4, 15]. In sum-
mation, due to other notable pregnancy-related 
differential diagnoses including hyperemesis 
gravidarum or eclampsia, a useful rule of thumb 
is that pregnant patients with focal, prolonged, 
worsening, or unremitting neurologic sequelae 
should receive a neurology evaluation and imag-
ing for potential intracranial pathology.

 Diagnostic Workup

In the setting of pregnancy, the MRI is advanta-
geous to computed tomography (CT) due to hav-
ing higher sensitivity and soft tissue resolution as 
well as not requiring ionizing radiation [16]. 
Nevertheless, because earlier studies have estab-
lished that CT radiation is safe in pregnancy with 
abdominal lead shielding, especially after the 
first trimester, the lack of an MRI at an institution 
should not serve as an absolute contraindication 
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for a pregnant patient to receive intracranial 
imaging and CT imaging may be a viable option 
for centers that lack MRI capabilities [11, 17].

The use of contrast for the imaging evaluation 
of a brain tumor in pregnant patients is an area of 
controversy. While iodinated CT contrast is a 
physiologically inert substance that poses mini-
mal risk to the developing fetus [4], there is evi-
dence that this increases the risk of congenital 
hypothyroidism, which necessitates postpartum 
monitoring accordingly [18]. Additionally, 
although gadolinium-based contrast used for 
MRI has been shown to cross the placenta, no 
study has established link between this contrast 
and birth defects [19–21]. Nevertheless, due to 
remaining uncertainty regarding the fetal impact 
of imaging contrast, the American College of 
Obstetricians and Gynecologists (ACOG) and 
other studies have recommended withholding 
imaging contrast unless there is an absolute clini-
cal indication [8, 16].

Beyond imaging, other noninvasive tests for 
evaluating the presence of an intracranial mass 
include a comprehensive neurologic exam, visual 
field testing, a fundoscopic exam to assess for 
papilledema, and in the case of functional pitu-
itary tumors, serum screening for elevated 
hormones.

 Natural History of Brain Tumors 
During Pregnancy

 Physiologic Changes in Pregnancy 
Promoting Tumor Progression

There are several physiologic changes in the 
pregnant patient that may contribute to the poten-
tial progression of intracranial tumors during 
pregnancy (Fig.  32.1). First, during pregnancy, 
there is an increase in estrogen and progesterone 
concentrations by approximately eightfold and 
fourfold, respectively [22]. These changes in hor-
monal concentrations may interact with receptors 
on tumor cells that may promote neoplastic pro-
liferation and growth. Moreover, estrogen 
induces hypertrophy of the pituitary gland, par-
ticularly lactotrophs. Second, there is a 50% 

increase in intravascular fluid volume during 
pregnancy, secondary to increased fluid retention 
and cardiac output as well as decreased systemic 
vascular resistance [23]. Third, processes like 
placental implantation also increase systemic 
concentrations of angiogenic factors, such as pla-
cental growth factor (PGF) and vascular endothe-
lial growth factor (VEGF) [24]. Fourth, the mass 
effect of the gravid uterus, especially in the third 
trimester, decreases ventricular compliance due 
to increasing intraabdominal pressure, which 
increases the severity of symptoms caused by 
elevated ICP [12]. Intraoperatively, the gravid 
uterus may also affect factors like patient respira-
tion and positioning during procedures. Fifth, 
pregnancy promotes a state of immune tolerance, 
which may impact immune surveillance of mater-
nal neoplasms [25, 26]. While these mechanisms 
have been hypothesized to promote the progres-
sion and symptomatology of brain tumors across 
all subtypes, the relative level of evidence and 
contributing impact for each mechanism may 
vary between different subtypes, as elaborated in 
the subsequent sections.

 Glioma

Gliomas are the most common primary intra- 
axial brain tumor in adults and make up 28.8% of 
all primary CNS tumors [1]. The most aggressive 
form, glioblastoma multiforme (GBM), accounts 
for 47.1% of malignant CNS tumors alone [1]. 
While the 5-year survival rate for low-grade glio-
mas (LGGs) ranges from 50.1 to 81.3%, GBM 
has a 5-year survival rate of just 5.5% [1]. Several 
studies have posited that pregnancy is not a risk 
factor for the initial pathogenesis of gliomas but 
does worsen existing and previously undetected 
neoplasms. Glial cells are known to express hor-
monal receptors and progesterone has been dem-
onstrated to enhance astrocytic cell growth 
in vitro [27–29]. Higher expression of progester-
one receptors has also been observed in GBM, in 
comparison to LGGs [30]. Moreover, increased 
systemic concentration of angiogenic factors like 
PGF and VEGF may also potentiate tumor 
growth. Finally, increased intravascular volume 
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Fig. 32.1 Summary of physiologic changes during preg-
nancy impacting brain tumor progression and operative 
management. Summary of pertinent physiologic changes 
during pregnancy across 6 organ systems (heart, lungs, 

gastrointestinal tract, kidneys, peripheral circulation, and 
uterus). Changes impacting tumor progression and opera-
tive management are denoted by red and blue boxes and 
arrows, respectively
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may exacerbate peritumoral and vasogenic 
edema associated with glioma. As a result of 
these physiologic changes resolving with deliv-
ery, the symptomatic burden of gliomas may 
decrease in the postpartum period. For example, 
in one case series, 57.2% of pregnant women 
with seizures due to glioma experienced symp-
tomatic resolution following delivery [31]. 
Accordingly, patients with gliomas may exhibit a 
pattern of symptom onset during pregnancy, 
postpartum remission, and relapse with subse-
quent pregnancies.

However, these changes likely do not apply 
uniformly across tumor subtypes. Low-grade 
tumors, such as oligodendroglioma and astrocy-
toma, are slow-growing and may often be 
observed in the absence of progression during 
pregnancy [32]. For example, in one single- 
institution case series, there was a 0% progres-
sion rate observed among grade I gliomas but a 
44% progression rate observed among grade II–
III gliomas [8]. High-grade gliomas, such as 
GBM and anaplastic astrocytoma, may exhibit 
high growth velocities that may necessitate a 
planned C-section for early delivery or neurosur-
gical intervention. Nevertheless, even among 
LGGs, higher radiological growth rates have 
been observed during pregnancy, compared to the 
prepartum and postpartum periods [28]. In 
another multi-institutional case series of 50 preg-
nant patients with glioma, 87% of tumors exhib-
ited increased growth rates during pregnancy and 
38% experienced clinical deterioration [31]. 
Accordingly, even if a LGG is indolent through-
out the course of a patient’s pregnancy, resection 
of the tumor should be considered if the patient 
desires subsequent pregnancy, due to the risk of 
tumor exacerbation.

 Meningioma

Meningiomas represent 36.8% of all primary 
CNS tumors as well as 53% of all benign CNS 
tumors, with a 5-year survival rate of 86.7% [1]. 
A 1929 report by Cushing and Eisenhardt of an 
expanding parasellar meningioma that caused 
rapid progression of visual impairment during 

pregnancy, which resolved postpartum and 
recurred in a subsequent pregnancy, represents 
the earliest known clinical observation of brain 
tumors worsening symptomatically during preg-
nancy [33]. Earlier research into hormonal influ-
ences on intracranial tumor growth have most 
commonly focused on meningioma. 70–90% of 
meningiomas have been found to have progester-
one receptors and 33–38% have been found to 
have estrogen receptors [32, 34, 35]. Moreover, 
meningiomas are twice as common in women, 
with the greatest disparity found during repro-
ductive years, and have been associated with 
higher rates of other hormone-dependent tumors, 
including breast cancer [14, 36]. Nevertheless, 
earlier research into hormone modulation, such 
as progesterone blockade, has failed to control 
tumor growth, suggesting a multifactorial cause 
of tumor progression during progression [37].

Several studies have demonstrated that menin-
giomas exhibit a similar pattern of growth as gli-
omas, with an increase in tumor progression 
during pregnancy that peaks during the third tri-
mester as well as symptoms that often resolve 
with the end of pregnancy but may recur during a 
subsequent one [10–12]. Nevertheless, other 
studies have suggested that even in the immediate 
postpartum period, highly vascular neoplasms 
like meningiomas may experience a rapid exacer-
bation, due to a postpartum fluid shift from extra-
vascular to intravascular, which may rapidly 
increase mass effect shortly after delivery [3]. As 
a result, pregnant patients with meningiomas 
warrant close postpartum monitoring.

 Vestibular Schwannoma

8.4% of primary CNS tumors are classified as 
cranial or spine nerve tumors, of which over 95% 
are vestibular schwannoma [1]. These benign 
neoplasms of the myelin sheath have a 93.1% 
5-year survival rate [1]. Due to most commonly 
affecting the vestibulocochlear nerve (CN VIII), 
the mass effect of vestibular schwannomas most 
often presents as hearing impairment, tinnitus, 
vertigo, or facial nerve palsy due to compression 
in the cerebellopontine angle. Because 50–100% 
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of vestibular schwannomas have been found to 
express the estrogen receptor, these tumors have 
also been documented to grow during pregnancy, 
with the highest rate in the last months of preg-
nancy [3, 38]. Nevertheless, an increase in estro-
gen alone has not been found to promote 
vestibular schwannoma growth, suggesting that 
other factors beyond the hormonal milieu of 
pregnancy drive this change. An increase in 
engorgement of the tumor’s vascular bed has 
been posited as another cause [3]. In one case 
series of 36 vestibular schwannomas in pregnant 
patients, 6 exhibited growth over the course of 
pregnancy [38].

 Pituitary Adenoma

Pituitary adenomas make up 16.2% of primary 
CNS tumors and are benign neoplasms with a 
96.6% 5-year survival rate. Pituitary adenomas 
may either be nonfunctional (nonsecreting) or 
functional, with further classification based on 
the predominant hormone secreted by the neo-
plasm. While prolactinomas are the most com-
mon subtype of pituitary adenomas overall, 
diagnoses based on serum measurements are 
confounded by prolactin levels increasing up to 
tenfold during pregnancy. Pituitary adenomas 
may also be classified by size as microadeno-
mas (diameter  <  1  cm) or macroadenomas 
(diameter  >  1  cm). 5–25% of pituitary adeno-
mas have been documented to enlarge during 
pregnancy [39]. A significant driver for this 
growth is physiologic growth of the pituitary 
gland, due to higher estrogen stimulating lacto-
troph hyperplasia and hypertrophy [39–41]. The 
growth of pituitary adenomas may be influenced 
by the prepartum size of the neoplasm. While 
under 5% of microadenomas have been observed 
to grow [41–43], one case series of macroade-
nomas demonstrated that 35% grew during 
pregnancy [40]. Due to the proximity of the 
optic chiasm to the sellar region, sudden pitu-
itary adenoma growth may present as new-onset 
visual symptoms, such as bitemporal hemianop-
sia [39–41]. A tumor that suddenly outgrows its 
blood supply may also result in pituitary apo-

plexy, which may present as a sudden onset of 
headache, altered consciousness, nausea and 
vomiting, and meningeal irritation [44]. 
Hormonal secretion by other forms of func-
tional pituitary adenomas may also increase the 
risk of gestational conditions in the mother, 
such as gestational diabetes (growth hormone) 
or gestational hypertension (adrenocorticotropic 
hormone [ACTH]) [41]. Prolactinomas are not a 
contraindication to breastfeeding, as this has not 
been shown to increase postpartum growth [42]. 
Accordingly, in one case series of prolactino-
mas in the postpartum period, over 60% of 
tumors were found to recede in size [45].

Given the increased propensity of macroade-
nomas to grow and become symptomatic during 
pregnancy, studies have advocated observation as 
the first-line approach for microadenomas or 
asymptomatic macroadenomas, whereas symp-
tomatic macroadenomas should be treated by 
medical management if available, such as a dopa-
mine agonist for prolactinoma, followed by sur-
gery if treatment is refractory [11]. Due to the 
predilection of macroadenomas in general to 
grow during pregnancy, a clinical evaluation 
including visual field assessment should be per-
formed at least every 1–2 months.

 Vascular Tumors

Vascular tumors, such as hemangioblastomas, 
make up approximately 1.6% of all primary CNS 
tumors and have a 93.6% 5-year survival rate [1]. 
Like gliomas, vascular tumors may experience 
growth during pregnancy due to a systemic 
increase in pro-angiogenic factors, such as PGF 
and VEGF, and engorgement of the tumor’s vas-
cular bed [46]. However, different case series 
have varied on whether hemangioblastomas 
exhibit a significantly increased growth velocity 
during pregnancy [47, 48]. In a patient with sev-
eral hemangioblastomas, an important diagnosis 
to consider is Von Hippel-Landau syndrome due 
to the possibility of a concurrent pheochromocy-
toma, which carries the risk of hemodynamic 
lability, especially during potential medical or 
surgical interventions [49].
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 Other Primary Brain Tumors

Beyond what has been discussed above, a wide 
range of intracranial neoplasms have been docu-
mented among pregnant patients, including, but 
not limited to, colloid cysts [11], craniopharyn-
gioma [50], pineal tumors [51], medulloblastoma 
[52], CNS lymphoma [25], paraganglioma [53], 
and chordoma [54].

 Brain Metastasis

The incidence of overall cancer in pregnant 
patients has been rising, with one nationwide 
Dutch registry documenting a rise from 5.4% to 
8.3% from 1977 to 2006 [55]. A malignancy of 
any other organ in the body may serve as a source 
of metastasis to the brain, and intracranial metasta-
ses are estimated to comprise over half of all intra-
cranial tumors [56]. While no study has 
demonstrated an increased susceptibility for 
metastasis to the brain during pregnancy, earlier 
case reports have documented pregnant patients 
found to have brain metastases from sources 
including lung cancer [57], breast cancer [58], and 
melanoma [59]. Brain metastases may progress 
rapidly and require treatment during pregnancy, as 
the median survival of untreated metastases has 
been estimated to be 1–3 months [14, 60, 61].

Another notable source of brain metastasis in 
the setting of pregnancy is choriocarcinoma, a 
malignancy of trophoblasts, most commonly 
from the placenta. While choriocarcinomas are 
rarely associated with the index pregnancy and 
are most commonly found after hydatidiform 
moles or spontaneous abortion [17], there have 
been reported cases of choriocarcinomas arising 
during normal gestation and metastasizing to 
the brain [62]. Following a normal term preg-
nancy, hydatidiform mole, or spontaneous abor-
tion, choriocarcinomas should be suspected in 
patients with continued vaginal bleeding, per-
sistently high human chorionic gonadotropin 
(hCG) levels, and signs of lung or brain metas-
tasis. Due to 20% of choriocarcinomas having 
metastasized to the brain by time of diagnosis, 
the diagnosis of choriocarcinoma necessitates 

an intracranial MRI to evaluate for metastasis 
[11]. Despite the predilection of these malig-
nancies to metastasize to the brain, neurosurgi-
cal intervention is often not needed, as an 83% 
5-year survival rate has been documented with 
chemoradiation alone [63].

 Treatment of Brain Tumors During 
Pregnancy

 General Principles

There are two overarching principles that are 
helpful in guiding the management of brain 
tumors—as well as any other life-threatening 
condition—during pregnancy. First, treatment 
planning should be tailored toward the best pos-
sible treatment option for the patient if they were 
nonpregnant, then subsequently modified based 
on fetal risks [11]. For example, pregnancy 
should not be viewed as an absolute contraindica-
tion to nonobstetric surgery, but rather a physio-
logic state with additional considerations that 
need to be planned around. Second, as expounded 
by the ACOGs guidelines on “Ethical decision 
making in obstetrics and gynecology,” while the 
interests of the fetus are generally aligned with 
those of the pregnant patient, in the event that 
these interests are in conflict, the fetus’ best inter-
ests should be considered but respect for a preg-
nant patient’s autonomy and bodily integrity 
should prevail [64]. In the diametric cases of a 
pregnant patient who requests a more aggressive 
treatment regimen that may carry risks to the 
fetus or a pregnant patient who requests a conser-
vative approach for a tumor that carries a high 
risk for impairing fetal health, the decision mak-
ing and autonomy of the patient in both cases 
should be respected and used to guide treatment 
selection.

 Medical Management

Corticosteroids have been a mainstay for the 
treatment of brain neoplasms due to alleviating 
peritumoral edema and, in certain neoplasms, 
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may be used to achieve symptomatic relief to 
delay surgery and adjuvant therapy until after 
delivery [4, 65]. Corticosteroids have been found 
to be safe for use during pregnancy and are also 
the first-line treatment for accelerating fetal lung 
maturity in anticipation of a preterm birth, which 
may have additional utility for patients with a 
planned cesarean delivery (C-section) due to 
symptomatic burden from a brain tumor [4]. 
However, there is evidence connecting maternal 
corticosteroid use to a higher risk of neonatal 
adrenal suppression, and long-term use through-
out gestation may warrant careful neonatal moni-
toring for this condition [4].

Antiepileptic drugs (AEDs) are an additional 
component of treatment for pregnant patients 
with seizures due to their intracranial neoplasm. 
Despite the documented teratogenicity of AEDs, 
the presence of seizures in pregnancy necessi-
tates treatment due to the risk of seizures to the 
fetus outweighing the risk of teratogenicity [66, 
67]. In order to reduce the risk of teratogenicity 
while preventing the onset of additional seizures, 
the lowest effective dose should be used. In con-
trast, AEDs are not indicated as prophylaxis for 
patients with a brain tumor who have had no life-
time history of seizures. While AEDs have a vari-
able risk profile, several studies have identified 
levetiracetam or lamotrigine monotherapy as safe 
options during pregnancy [66, 68]. In contrast, 
one network meta-analysis identified signifi-
cantly higher odds for major fetal malformations 
after maternal use of ethosuximide, valproate, 
topiramate, phenobarbital, carbamazepine, and 
phenytoin [69]. While phenytoin is a first-line 
agent for tonic-clonic seizures in nonpregnant 
patients, it has been associated with an 11% rate 
of congenital malformations, such as fetal hydan-
toin syndrome and cardiac defects [70]. Due to 
the increased risk of neural tube defects with 
maternal AED use, folic acid supplementation 
should also be continued throughout the duration 
of pregnancy. Management of seizures and con-
siderations for AED use during pregnancy are 
discussed in detail in Chap. 28.

For glioblastoma, potentially the most aggres-
sive brain malignancy that may affect a pregnant 
patient, the standard of care in nonpregnant 

patients is the Stupp protocol, consisting of maxi-
mal safe surgical resection, followed by concom-
itant radiotherapy and chemotherapy, followed 
by maintenance chemotherapy for 6–12 months 
[71]. While radiotherapy risks fetal harms such as 
congenital defects and childhood malignancy, 
brain radiation may be used to treat intracranial 
neoplasms if indicated, especially when paired 
with risk mitigation measures like performance 
past the first trimester, dose limitation, abdominal 
lead shielding, and maternal positional changes 
[11, 72, 73]. Stereotactic radiosurgery has also 
been demonstrated to be a safe, surgery-sparing 
treatment modality for other intracranial neo-
plasms, such as vestibular schwannoma and 
meningioma, that become symptomatic during 
pregnancy [11, 72, 73].

There is limited literature on the impact of 
systemic chemotherapy for brain neoplasms like 
temozolomide (alkylating agent) or bevacizumab 
(anti-VEGF agent) on fetal development. While 
case reports have documented the successful use 
of systemic chemotherapy without congenital 
malformations at birth, other studies have advo-
cated for systemic chemotherapy to be deferred 
whenever possible to after delivery because of 
the limited knowledge on the potential teratoge-
nicity of these agents [3, 74]. For example, beva-
cizumab currently does not have an assigned 
pregnancy risk category from the FDA due to 
insufficient evidence, and temozolomide is a cat-
egory D drug, indicating positive evidence of 
fetal risk but a possibility of benefit in specific 
scenarios, such as life-threatening situations. 
Most sources also consider chemotherapy an 
absolute contraindication to breastfeeding. There 
is some evidence that there is no loss in efficacy 
of delaying chemotherapy until weeks after 
delivery, even if it is not administered concur-
rently with radiotherapy [3]. Moreover, a poten-
tial alternative to systemic chemotherapy may be 
the administration of implantable local chemo-
therapy, such as lomustine wafers, which have 
been found to have virtually undetectable levels 
in the systemic circulation [3].

The most recent US Food and Drug 
Administration (FDA)-approved treatment for 
glioma is tumor-treating fields (TTFs), which 
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deliver low-intensity alternating electric fields 
through scalp transducer arrays to disrupt tumor 
mitosis [71]. However, the safety of TTFs has not 
been studied in pregnancy and the manufacturer 
currently recommends against the use of TTFs in 
pregnant patients or patients planning a future 
pregnancy [14].

Finally, several medical agents may be used 
for pituitary adenomas, including bromocriptine 
and cabergoline (prolactinoma), somatostatin 
analogs (growth hormone-secreting adenoma), 
and metyrapone and ketoconazole (ACTH- 
secreting adenoma). For prolactinoma, earlier 
research has determined that dopamine agonists 
like bromocriptine and cabergoline both have 
good safety profiles during pregnancy, but should 
be used with caution [11, 75–78]. Some studies 
have preferred the use of bromocriptine, due to it 
having a shorter half-life and more reported data 
in the literature [11, 76]. However, other sources 
have argued that due to the unverified fetal impact 
of the aforementioned therapies for pituitary ade-
noma, all prepartum medical management should 
be stopped with the onset of pregnancy and only 
resumed in the setting of tumor growth [42].

 Neurosurgical Management

Neurosurgical intervention should be considered 
for brain tumors that are aggressive high-grade 
malignancies, refractory to medical treatment, or 
are life-threatening, due to factors like impending 
herniation, significant mass effect, or unremitting 
seizures. The ACOG recommends that indicated 
nonobstetric operations, such as for a neoplasm 
with high risk of herniation, should be performed 
regardless of trimester of pregnancy [9, 14, 79]. 
However, for nonemergent brain tumors that may 
be resected by a scheduled procedure, several 
studies have identified the second trimester as the 
safest period to perform an operation, due to hav-
ing the lowest risk of inducing preterm labor and 
intraoperative hemorrhage [9, 14, 79]. For 
patients in the third trimester, others have recom-
mended delaying surgery until after 28–30 weeks 
of gestation when fetal survival is 90%, in com-
parison to 50–70% at 26–27 weeks [80].

Beyond the normal risks of surgery for a non-
pregnant patient, nonobstetric operations like 
neurosurgery carry additional risks in pregnant 
patients (Fig.  32.1). First, while the ACOG has 
stated that no currently used anesthetic agents 
have been shown to have teratogenic effect in 
humans [79], factors like the changed bioavail-
ability and clearance of agents due to pregnancy- 
related physiologic changes necessitate the 
consultation of a neuroanesthesiologist for any 
potential procedure [25]. Noxious stimulation 
from perioperative preparation of patients for 
neurosurgery, such as head pinning and scalp 
incision, may also elicit hypertensive responses 
that warrant management with analgesics, such 
as a short-acting opioid like remifentanil [81]. 
Second, the use of other medications like vaso-
pressors may jeopardize placental blood flow and 
in this setting, several studies have recommended 
the use of epinephrine as the first-line agent [12, 
82]. Third, due to the gravid uterus, certain surgi-
cal positions, including supine and prone posi-
tioning, should be avoided if possible due to the 
risk of maternal hypotension via inferior vena 
cava compression [25, 83]. Alternative positions, 
such as sitting or left lateral decubitus position-
ing, should be used. Fourth, due to progesterone- 
mediated relaxation of smooth muscle in the 
gastrointestinal and respiratory tracts, pregnant 
patients have a higher risk of postoperative pul-
monary aspiration and airway compromise [12, 
82]. The hypercoagulable state of pregnancy also 
increases the postoperative risk of a venous 
thromboembolism [25, 83]. Finally, 9% of opera-
tions in general have been associated with pre-
term labor [84]. Given these risks, the planning of 
a neurosurgical operation requires close coopera-
tion with disciplines including maternal-fetal 
medicine providers, fetal monitoring, and obstet-
rics, especially in anticipation for the perfor-
mance of an emergency C-section if needed. 
Anesthetic, analgesic, and perioperative consid-
erations are discussed in Chaps. 3 and 4.

Despite the aforementioned challenges, neu-
rosurgical procedures have been shown to have 
acceptable safety with careful planning. Several 
case series have reported tumor resection with no 
fetal or maternal morbidity or mortality [12]. A 
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nationwide analysis of pregnant US patients with 
brain tumors found that 33% of hospitalized 
patients received neurosurgical intervention and 
that the performance of a procedure was not asso-
ciated with pregnancy-related complications [7]. 
Finally, while tumors present in eloquent or deep 
cerebral cortex have traditionally been managed 
by biopsy followed by stereotactic radiosurgery 
[12], a notable advance in neurosurgical interven-
tion in pregnant patients has been the increased 
utilization of awake craniotomies for maximal 
safe surgical resections of neoplasms in eloquent 
brain areas. Several studies have documented 
acceptable safety and outcomes for these awake 
procedures [25, 85, 86].

Beyond the resection of brain tumors, another 
important role for neurosurgeons is the manage-
ment of elevated ICP.  Possible therapeutic 
modalities include hyperventilation, mannitol, 
and a CSF diversion procedure, such as place-
ment of a ventriculoperitoneal (VP) shunt [12]. 
While mannitol is safe to use in pregnancy, it 
should be used with caution due to excess levels 
causing electrolyte abnormalities, dehydration, 
and disturbances in plasma osmolality [25, 83]. 
Moreover, during placement of a VP shunt in 
pregnant patients, careful attention should be 
paid to gentle insertion into the abdominal cavity 
to avoid uterine trauma or induction of preterm 
labor [87]. Laparoscopic-assisted placement of 
the distal peritoneal catheter has been shown to 
improve postprocedural recovery and reduce dis-
tal shunt obstruction rates [88], but the safety and 
efficacy of this technique have yet to be studied 
in pregnancy.

 Obstetric Management

Brain tumors also raise several important con-
cerns in the management of the patient’s preg-
nancy. In one nationwide US cohort, the presence 
of a brain tumor during pregnancy was associated 
with a threefold increased rate of preterm labor 
and fetal intrauterine growth restriction as well as 
a sixfold increased rate of C-section [7]. Several 
studies have argued for the use of C-sections over 
vaginal delivery in pregnant patients with brain 

tumors, due to vaginal delivery increasing ICP by 
an average of 53 mmHg in the first stage of labor 
and 70  mmHg in the second stage [9, 11, 89]. 
This risk is especially elevated in nulliparous 
moms. A brain tumor resection and C-section 
may be performed under the same general anes-
thesia to minimize the risk of herniation and 
adverse effects of anesthetics [5, 9]. Moreover, 
epidural anesthesia should also be used with cau-
tion, due to the risk of a CSF leak promoting her-
niation. Finally, maternal blood pressure should 
be carefully controlled in both directions. While 
overcorrection of hypertension risks placental 
insufficiency, overcorrection of hypotension may 
exacerbate elevated ICP.

In several studies, the performance of elec-
tive abortion in an earlier stage of pregnancy has 
also been discussed as an option for patients [8, 
11, 12, 82, 90]. This treatment option may be 
particularly indicated for patients with a neo-
plasm necessitating radiotherapy or systemic 
chemotherapy.

Finally, the American Society of Clinical 
Oncology emphasizes the importance of fertil-
ity counseling for future pregnancies in preg-
nant patients, such as treatment plans before a 
subsequent pregnancy and patient education on 
the impact of treatment on future fertility [91]. 
In one single-center study, 73% of pregnant 
patients with primary brain tumors readily 
accepted fertility counseling [92]. The use of 
assisted reproductive technology should be 
approached with caution because hormonal 
stimulation may exacerbate tumor growth and 
dedifferentiation [9, 93].

 Controversies in the Management 
of Brain Tumors During Pregnancy

Table 32.1 summarizes several of the existing 
controversies and areas for further research in the 
management of brain tumors in pregnancy. Due 
to the rarity of these cases, an important next step 
in this area of study is the development of pro-
spective national or multinational registries to 
track peripartum and long-term maternal and 
fetal outcomes.
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Table 32.1 Existing areas of controversy in the management of brain tumors in pregnancy

Clinical question Solutions to address area of controversy
What is the safety of imaging contrast 
(iodinated or gadolinium) use in 
pregnancy?

Long-term follow-up of fetal outcomes for pregnancies where imaging 
contrast was administered
Development of consensus guidelines (akin to American College of 
Radiology Appropriateness Criteria) on situations where contrast use is 
indicated

What is the relative contribution of 
different explanations for brain tumor 
growth and progression during 
pregnancy?

Increased in vitro work profiling the relation of tumor cells to compounds 
released in pregnancy, such as estrogen, progesterone, and angiogenic 
factors
Large prospective registries with histopathologic and clinical data as well 
as sufficient sample size to analyze pregnancy-related factors predictive of 
tumor progression and growth velocity

What is the safety and long-term 
impact of systemic chemotherapy 
during pregnancy?

Long-term follow-up of existing studies reporting outcomes for systemic 
chemotherapy use during pregnancy
Development of prospective registries for pregnancy cases that necessitate 
systemic chemotherapy

What is the safety of tumor-treating 
fields during pregnancy?

Preclinical animal models and eventual clinical trials querying the safety 
of tumor-treating fields on fetal development

What characteristics of a brain tumor 
necessitate neurosurgical intervention, 
in comparison to observation?

Large prospective registries with histopathologic and clinical data as well 
as sufficient sample size to analyze pregnancy-related factors predictive of 
successful observation until term delivery

What is the ideal stage of pregnancy 
for neurosurgical intervention?

Meta-analyses of existing case reports on tumor resection during 
pregnancy
Large prospective registries comparing perioperative outcomes for brain 
tumor resection at different stages of pregnancy (e.g. second vs. third 
trimester)
Comparison of short-term and long-term fetal outcomes based on 
gestational age at delivery

What is the safety of 
ventriculoperitoneal shunt placement in 
pregnancy?

What are rates of uterine trauma and preterm labor following 
ventriculoperitoneal shunt placement?
What is the safety profile and efficacy of alternative shunt placement 
techniques, such as laparoscopic- assisted placement of the peritoneal 
catheter?

What patients are appropriate 
candidates for vaginal delivery?

Meta-analyses of existing case reports on outcomes based on mode of 
delivery
Large prospective registries with sufficient sample size to analyze maternal 
and tumor-related factors predictive of vaginal delivery without maternal 
or fetal morbidity

Summary of existing areas of controversy in the management of brain tumors during pregnancy as well as solutions and 
studies that may resolve these areas of uncertainty

 Conclusion

Brain tumors during pregnancy are a challenging 
clinical entity associated with poorer maternal 
and fetal outcomes. Across tumor subtypes, 
 several physiologic changes during pregnancy 
promote the growth and progression of intracra-
nial neoplasms, which may remit with delivery 
and recur in subsequent pregnancies. Medical, 
neurosurgical, and obstetric management are all 
important components of treatment that may be 

utilized in tandem for especially complicated 
neoplasms with life-threatening sequelae.
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33Pituitary Region Tumors 
in Pregnancy: Overview 
and Management Paradigms

John S. Herendeen, Elizabeth E. Ginalis, 
Rima Rana, Nitesh V. Patel, and Simon Hanft

 Overview

The pituitary gland is a sensitive neuroendocrine 
structure in regard to both its anatomy and physi-
ology. It receives neural and hormonal input 
through a number of biochemical pathways, each 
of which influences both the function and growth 
of its constituent cells. In turn, it exerts hormonal 
control over a number of organ systems, a feed-
back system that is critical to maintaining homeo-
stasis and responding to external stimuli. The 
pituitary is dependent on a regular physiologic 
internal environment to function appropriately 
and is exquisitely susceptible to aberrant condi-
tions. As a result, disruptions of normal gland 
activity can have profound implications.

Pregnancy presents a unique hormonal envi-
ronment for the pituitary gland. Over the course 
of gestation, the pituitary undergoes a series of 
expected changes. Most notably, placental estro-

gen stimulates lactotroph hyperplasia, resulting 
in an increase in pituitary volume of 40% during 
the second trimester and up to 70% during the 
third trimester [1, 2]. Somatotrophs progressively 
decline in number, due to negative feedback from 
placental secretion of a growth hormone variant 
which increases release of insulin-like growth 
factor 1 (IGF-1) [3]. Corticotrophs are stimulated 
by placental release of corticotropin-releasing 
hormone (CRH), whose serum levels rise several 
100-fold during the course of pregnancy [4]. This 
represents a basic overview of the complex trans-
formation undergone by the gland during 
pregnancy.

A variety of tumors within the sella turcica 
have been defined. These include functioning and 
nonfunctioning adenomas of the pituitary gland 
as well as tumors from adjacent structures, such 
as tuberculum sellae meningiomas. Each tumor 
uniquely responds to chemical signals and conse-
quently imposes different influences on various 
body systems. Given the delicate nature of pitu-
itary anatomy and physiology, these tumors may 
present a serious risk when they compress healthy 
pituitary tissue, and this risk may be magnified in 
the setting of pregnancy. Ideally, all sellar tumors 
should be met with a definitive management plan 
prior to conception. Depending on the unique 
clinical situation, pituitary region tumors in preg-
nancy may be monitored, treated medically, or 
even surgically removed. Generally, transsphe-
noidal surgery is considered during pregnancy in 
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cases of severe symptoms unresponsive to medi-
cal therapy, symptomatic tumor enlargement, or 
pituitary apoplexy. Pituitary apoplexy is a feared 
complication of any pituitary tumor. The changes 
of pregnancy can cause a pituitary tumor to out-
grow or compress the blood supply to the gland 
[5], compromising the function of the entire 
gland and leading to dreaded consequences 
including acute adrenal insufficiency and acute 
visual loss. The possibility of apoplexy during 
pregnancy remains low but is likely elevated 
compared to normal physiologic states [6].

 Functioning Tumors

 Prolactinoma

A prolactinoma is a functioning pituitary tumor 
comprised of lactotrophs and represents the most 
common primary pituitary tumor. Prolactinomas 
can be further classified as either microadenoma 
(<10 mm diameter) or macroadenoma (>10 mm 
diameter). This classification guides manage-
ment of prolactinomas when they are recognized 
in pregnancy [7]. Just as the high estrogen envi-
ronment of pregnancy stimulates normal pitu-
itary lactotrophs, it also indiscriminately 
stimulates their neoplastic derivatives [8]. 
Consequently, increased estrogen levels may 
result in further growth of prolactinomas during 
pregnancy. Microprolactinomas carry a low risk 
of progression during pregnancy, with studies 
showing asymptomatic enlargement in 4.5% of 
cases and symptomatic enlargement in only 1.5–
2.5% [8, 9]. Macroprolactinomas are associated 
with a higher risk of progression during preg-
nancy, with studies citing a range of 15.5–35.7% 
for symptomatic enlargement in tumors that were 
previously untreated [2, 8]. The risk of symptom-
atic enlargement in macroprolactinomas treated 
with surgery or radiation therapy prior to preg-
nancy is 3–7.1% [2, 7–9].

Many prolactinomas are actually discovered 
in young women attempting to become pregnant 
as the presence of a prolactinoma can interfere 
with fertility and normal menstruation. Thus 
women who are having difficulty conceiving 

often undergo a basic hormone panel including a 
prolactin level. If elevated, this leads to an MRI 
which nearly always detects the prolactinoma. 
These patients are then started on a dopamine 
agonist in order to restore fertility. Dopamine 
agonists include bromocriptine and cabergoline, 
both of which have well established efficacy in 
treating prolactinomas. In addition to cabergoline 
being better tolerated than bromocriptine in terms 
of side effects, cabergoline has also demonstrated 
a higher success rate in inducing pregnancy in 
infertile women [10]. Once pregnancy is con-
firmed, the dopamine agonist is typically with-
held due to the lack of information with regard to 
its fetal safety profile [11]. For microprolactino-
mas, cabergoline can be confidently stopped by 
the treating endocrinologist without significant 
fear of optic chiasm compression from interval 
tumor growth. However, for macroprolactino-
mas, especially those already contacting the optic 
apparatus, this can be a much more difficult deci-
sion. Indeed, the general recommendation in 
such cases is to defer pregnancy until the tumor 
has demonstrated a radiographic response to 
medical therapy with a concomitant lowering of 
the prolactin level [12–14]. In rare medically 
refractory cases, transsphenoidal surgery to 
achieve at least a significant debulking is recom-
mended prior to pursuing pregnancy [15]. The 
likelihood of discovering a symptomatic macrop-
rolactinoma during pregnancy is extremely low 
due to the difficulty of conceiving with such a 
hyperactive tumor in place. In such an unusual 
circumstance the similar paradigm of medical 
therapy followed by surgery in the rare event of 
failure would be applied.

Once the dopamine agonist is withheld after 
pregnancy is confirmed, the prolactinoma can 
now grow unchecked and so patients are closely 
monitored for the development or worsening of 
visual symptoms [5, 7]. In patients with microp-
rolactinomas, visual field examinations have 
been recommended every 3 months [16], though 
the likelihood of optic chiasmatic compression is 
so low that we would advocate for exams only in 
the setting of new onset visual complaints. For 
patients harboring macroadenomas, closer sur-
veillance is recommended with visual field 
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checks every 2–3  months along with clinical 
evaluation every 1–2  months [7]. If the patient 
develops symptoms in the interim, urgent evalua-
tion must proceed. This includes a brain MRI 
though contrast agents (typically gadolinium) are 
held due to risk of fetal exposure [17]. Contrast 
can be considered in very specific circumstances, 
but in all likelihood a noncontrast MRI should be 
able to delineate a larger mass and its relationship 
to the chiasm. Routine surveillance brain MRIs 
during pregnancy are not recommended.

When medical treatment of prolactinoma dur-
ing pregnancy is warranted, such as in symptom-
atic tumor enlargement, dopamine agonists 
remain the appropriate medical therapy [8]. 
Bromocriptine has not been associated with 
adverse pregnancy outcomes such as spontane-
ous abortions, multiple pregnancies, ectopic 
pregnancies, and congenital malformations. 
However, it has been suggested that it can pre-
cipitate apoplexy, which is why it is not used dur-
ing pregnancy for asymptomatic tumors [6]. The 
dose can be rapidly titrated as tolerated to control 
symptoms [8]. Exposure to cabergoline, a newer 
age and more widely prescribed dopamine ago-
nist, during pregnancy does not appear to increase 
incidence of adverse effects [2]. However, there 
is more information on the safety of bromocrip-
tine during pregnancy as opposed to cabergoline 
[18] given the relative recency of cabergoline’s 
use (approved for use in 1993 vs. bromocriptine 
in 1975). Bromocriptine, therefore, is most com-
monly prescribed during the first and second tri-
mesters in the event of symptomatic tumor 
enlargement, although there has been an uptick in 
cabergoline usage based on some recent studies 
[19]. Ideally the medication will shrink the tumor 
and improve visual symptoms so that surgery can 
be avoided. Following delivery, remission of the 
elevated prolactin and tumor is often observed. 
Domingue et  al. reported 41% remission of 
hyperprolactinemia following delivery and lacta-
tion in a median time of 22  months, while 
Auriemma et al. reported 68% remission after a 
maximum of 60 months [20, 21]. Of note, prolac-
tin will rise during pregnancy (levels can rise 
above 200 ng/mL) and therefore cannot be used 
as an accurate indicator of whether the prolacti-

noma is growing or responding to medical ther-
apy [22].

Surgical management of prolactinoma during 
pregnancy is rarely required but is appropriate in 
the instance of a worsening clinical picture that 
does not respond to dopamine agonist therapy, 
especially in the setting of worsening vision [2]. 
In these cases, transsphenoidal surgery during the 
second trimester is recommended [23]. Later in 
the pregnancy, delivery is an acceptable alterna-
tive to surgery [23]. Regardless of treatment 
strategy, close follow-up, including prolactin lev-
els, is recommended for 2  months following 
delivery to monitor symptom progression [7]. 
Lactation can be attempted with the patient still 
off medication, as dopamine agonists can impair 
lactation, but if symptoms arise the obvious rec-
ommendation is to restart the medication and 
cease breastfeeding [24]. Figure  33.1 shows a 
summary of the management of prolactinomas in 
pregnancy.

 ACTH-Secreting Adenoma and 
Cushing’s Disease

Though far less common than prolactinomas, 
adrenocorticotropic hormone (ACTH)-secreting 
adenomas are another type of functioning pitu-
itary tumor. Similar to prolactinomas, women 
with ACTH-secreting adenomas are very unlikely 
to conceive as hypercortisolism leads to infertil-
ity [25, 26]. This makes the incidence of 
Cushing’s disease in pregnancy very rare. If an 
ACTH-secreting adenoma is encountered prior to 
pregnancy, the clear recommendation is to defer 
conception until surgical removal and subsequent 
remission of the cortisol level occurs.

Cushing’s syndrome during pregnancy is also 
rare, with the syndrome caused by Cushing’s dis-
ease only 40% of the time [16]. In contrast, 
ACTH-secreting tumors are responsible for closer 
to 70% of cases of Cushing’s syndrome in the 
general population [27]. Furthermore, the signs 
and symptoms of Cushing’s disease are challeng-
ing to differentiate from the standard sequelae of 
pregnancy, which may include weight gain, 
hypertension, fatigue, hyperglycemia, and emo-
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Fig. 33.1 Prolactinoma management paradigm during pregnancy. DA dopamine agonist

tional changes [3]. The physical exam findings of 
purple striae, hirsutism, acne, muscle weakness, 
and pathologic fractures should lead to increased 
suspicion for Cushing’s syndrome. Traditional 
diagnostic testing, such as  dexamethasone sup-
pression tests, are less reliable during pregnancy, 
so clinical acumen is critical to establishing the 
diagnosis [16]. Inferior petrosal sinus sampling 
can be pursued judiciously especially if the clini-
cal suspicion for an ACTH-secreting tumor is 
high and the MRI is negative for a microadenoma 
or shows a tumor <6 mm in size [28].

Cushing’s syndrome during pregnancy is 
associated with increased maternal morbidity in 
70% of cases [29] as well as inferior outcomes 
for the fetus [16]. Maternal complications include 
hypertension, diabetes, cardiomyopathy, and 
impaired wound healing in pregnancies requiring 
C-section. Premature labor is common, though 
reported incidence varies, ranging from 48 to 
72% in untreated patients [8, 25, 30]. Studies by 
Bevan et al. and Buescher et al. reported that the 
incidence of premature labor was reduced to 20% 
and 47%, respectively, if the mother received 
treatment during pregnancy. Cushing’s syndrome 
in the mother suppresses the developing fetal 

adrenal glands [8], and fetal mortality rates have 
been reported at 9–24% [25, 30].

In contrast with the more common prolacti-
noma, ACTH-secreting pituitary adenomas are 
indications for prompt intervention due to the fre-
quency of these aforesaid serious complications. 
Second trimester transsphenoidal surgical resec-
tion is the preferred first line treatment (Fig. 33.2) 
[3, 16]. For patients who cannot undergo surgery, 
medical therapy is available albeit with limited 
effectiveness [8]. Metyrapone is a widely used 
medication during the second and third trimesters 
for hypercortisolism, though it may worsen 
hypertension. Other medications include keto-
conazole [28] and cabergoline [3, 31]. In patients 
with mild disease, vigilant monitoring may be 
considered with adequate control of comorbidi-
ties during pregnancy, and treatment can be pur-
sued following delivery [9].

 Growth-Hormone Secreting 
Adenoma and Acromegaly

Acromegaly is the syndrome resulting from 
excess growth hormone (GH) most often caused 
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by GH-secreting pituitary adenomas and has 
unique clinical implications for pregnant 
patients. GH-secreting pituitary adenomas are 
derived from somatotropic cells and are another 
uncommon type of functioning pituitary tumor, 
with less than 100 cases reported during preg-
nancy [8]. In most instances, there are no com-
plications in women with acromegaly and their 
fetuses. Most cases result in healthy infants at 
full birth weight [3]. In fact, many patients with 
existing symptomatic GH-secreting adenoma 
often report improvement in signs and symp-
toms during pregnancy [3]. There are only two 

known instances of GH-secreting adenoma 
enlargement during pregnancy [8, 32, 33]. If 
discovered before pregnancy, the recommenda-
tion is to surgically remove the GH-adenoma 
prior to attempting conception, both to improve 
fertility and to lower the risks of acromegaly-
related sequelae to the patient and fetus during 
gestation [34].

However, in few patients, pregnancy may 
exacerbate symptoms of acromegaly. 
Complications associated with acromegaly dur-
ing pregnancy include gestational diabetes mel-
litus, hyperglycemia, hypertension, headache, 
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visual disturbances, and cardiac disease [8]. Few 
instances have resulted in low birth weight, but 
this has been related to gestational use of a soma-
tostatin analog (i.e. octreotide) for treatment of 
acromegaly [3].

It is recommended that patients with acromeg-
aly discontinue use of somatostatin analogs dur-
ing pregnancy with close monitoring of symptoms 
(Fig.  33.3) [8]. Somatostatin analogs cross the 
placenta and may affect fetal growth. Thus, treat-
ment with somatostatin analogs during preg-
nancy is reserved for severe symptoms attributed 
to acromegaly or tumor enlargement, including 
headaches or vision changes. Medical manage-
ment with dopamine agonists may also be con-
sidered in these cases. Transsphenoidal surgery is 
indicated in cases of severe disease not controlled 
by medications, acute severe symptoms such as 
vision loss, and pituitary apoplexy. In these set-
tings, transsphenoidal surgery is indicated prefer-
entially during the second trimester and has 
yielded desirable outcomes.

 TSH-Secreting Adenoma

Thyroid stimulating hormone (TSH)-secreting 
pituitary adenomas account for only 0.5–3% of 
all pituitary adenomas [35]. To date, only five 

cases have been reported during pregnancy [3, 
36–40]. Clinical concerns center largely around 
symptoms from hyperthyroidism, which need to 
be monitored and, if necessary, controlled with 
standard antithyroid drugs [8], including propyl-
thiouracil (preferred during the first trimester) 
and methimazole (during the second and third 
trimesters), or with octreotide.

No consensus has been reached regarding 
treatment of these tumors during pregnancy given 
their rarity. Case reports on this topic have man-
aged pregnant patients with either close observa-
tion, medical therapy with propylthiouracil or 
octreotide, or transsphenoidal surgery [36–40]. In 
all cases, there were no reported maternal or fetal 
complications following therapy. Generally, man-
agement of TSH-secreting adenomas is individu-
alized to each patient. In cases of severe symptoms 
such as vision loss or tumor enlargement, medical 
or surgical treatment can be considered without 
maternal-fetal adverse effects (Fig. 33.4).

 Nonfunctioning Tumors

 Nonfunctioning Adenomas

Nonfunctioning adenomas make up approxi-
mately 30% of primary pituitary tumors [9]. They 

J. S. Herendeen et al.



509

Sellar Meningioma

Cerebral Edema

Rapid Growth/ 
Malignancy

Tumor size/loca�on 
amenable for stereotac�c 

radiosurgery?

Stereotac�c 
Radiosurgery

Yes

No

Cor�costeroids

Despite Therapy: Progressive 
Visual Impairment/ Malignant 

Meningioma/ Medically 
Untreatable Hydrocephalus/ 

Life-Threatening Tumor 

Resolu�on Tumor stable
Tumor 

Resec�on 
A�er Delivery

Transspheniodal
Resec�on During 2nd

or 3rd Trimester

Fig. 33.5 Nonfunctioning pituitary adenoma management paradigm during pregnancy

can have considerable impact on pituitary gland 
function due to compression of neighboring 
healthy pituitary tissue in this confined space and 
may also lead to mass effect on nearby structures. 
These issues may be amplified in pregnancy. 
Though the size of most nonfunctioning adeno-
mas does not change during pregnancy [7, 8], 
previously described physiologic lactotroph 
hyperplasia can exacerbate the mass effect of any 
tumor in the sella turcica [8]. In this setting, a 
previously undiscovered nonfunctioning ade-
noma may cause symptoms from increased mass 
effect, including visual disturbances and head-
ache. Though not targeting the tumor directly, 
dopamine agonists can be used to relieve these 
symptoms by reducing hyperplasia [16]. Often, 
symptoms can be controlled through pregnancy, 
and the tumor can be resected after delivery [5]. 
If symptoms cannot be controlled medically dur-
ing pregnancy, surgery may be performed during 
the second trimester (Fig. 33.5) [16].

The question of how to deal with a nonfunc-
tioning adenoma before pregnancy is more com-
plicated. Ultimately it is a judgment call shared 
by the endocrinologist and neurosurgeon. The 
question really only applies to macroadenomas, 
and even then the tumors that warrant consider-
ation of upfront surgical removal would likely 
have to be at least in the 1.5–2.0 cm range and/or 

within 2 mm of the optic chiasm. These are the 
tumors that have the potential to lead to optic chi-
asm compression with visual loss during 
 pregnancy if they are displaced by lactotroph 
hyperplasia, but this is a rare phenomenon with 
only one case described in the literature [41]. As 
such, there is a role for upfront transsphenoidal 
removal of these tumors in patients who intend to 
become pregnant. But this operation should be 
endeavored upon very judiciously, as the surgery 
itself may lead to pituitary damage that in turn 
makes conception more challenging. There is no 
specific paradigm on how to proceed in these 
complicated cases. We would generally recom-
mend avoiding surgery unless there are preopera-
tive visual symptoms (very obvious indication 
for a pre-pregnancy operation) or clear optic chi-
asm compression without visual loss. In this lat-
ter circumstance, upfront surgery should be 
considered, and if pursued, we would recom-
mend a conservative debulking so as to minimize 
the chance of pituitary gland injury [16, 22].

 Meningioma

Not all sellar tumors are derived from the cells 
of the pituitary gland. Meningiomas are the 
most common primary benign intracranial neo-
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plasm in adults, representing one-third of pri-
mary intracranial tumors [42]. The skull base is 
a common location [43], and meningiomas 
account for 15% of nonadenomatous sellar 
masses [44]. They have an incidence of 5.6 per 
100,000 pregnancies [45]. Specifically, tubercu-
lum sellae meningiomas can compress the optic, 
abducens and oculomotor nerves, resulting in 
visual disturbance, or the pituitary stalk, leading 
to endocrine impairment [46].

It has been demonstrated that meningiomas are 
sensitive to a variety of hormones, including those 
that see major fluctuations during pregnancy. 
Meningioma growth is enhanced during the luteal 
phase of the menstrual cycle [42]. Approximately 
80% of meningiomas in female patients have 
been found to have progesterone receptors [47]. 
Plasma progesterone levels rise during the second 
and third trimesters of pregnancy, which may con-
tribute to meningioma growth during this period 
[42]. Follicle stimulating hormone and luteinizing 
hormone have been shown to have an inhibitory 
effect on tumor growth in vitro [48], so the sup-
pression of these during pregnancy disinhibits 
proliferation. Curiously, human chorionic gonad-
otropin (hCG), which is elevated during preg-
nancy, has been shown to inhibit tumor growth as 
well [48]. The presence of prolactin receptors has 
been associated with meningioma growth rate 
[49, 50]. Human placental lactogen (hPL) has also 
been shown to stimulate tumor growth [42]. 
Prolactin and hPL are both elevated later in the 
course of pregnancy, which may explain associ-
ated meningioma growth during the second and 
third trimester [42].

Though representing only 1% of sellar masses 
[46], tuberculum sellae meningiomas in preg-
nancy are an important situation to consider. This 

is due to the substantial effect that the hormonal 
milieu of pregnancy has on tumor growth and the 
danger associated with rapid tumor progression. 
Despite the risks associated with the tumor in 
pregnancy, the preferred course of action is 
observation until delivery (Fig.  33.6) [42]. If 
encountered before surgery, in general we would 
recommend holding off on surgery in the absence 
of visual symptoms. Perhaps in the case of clear 
optic chiasm compression, even without symp-
toms, an upfront operation can be entertained, but 
these are challenging tumors to resect and the 
morbidity (including permanent damage to the 
pituitary stalk) should preclude upfront surgery 
in all but the most select circumstances.

If the tumor is leading to visual decline during 
pregnancy, corticosteroids can be considered to 
slow or improve symptom progression, though 
edema is less likely the issue as opposed to direct 
mass effect on the chiasm and prechiasmatic 
optic nerves. MRI of the pituitary region (or 
orbits) even without contrast can delineate the 
relationship of a tuberculum sella meningioma to 
the optic nerves. The T2 sequences can prove 
especially useful in the absence of contrast. In 
this rare circumstance of true progressive visual 
loss and a growing tumor on MRI, surgical inter-
vention during pregnancy is warranted and is 
generally considered safe during the second and 
third trimesters [42].

 Problems of Perfusion: Pituitary 
Vascular Disorders

Though not necessarily a direct consequence 
of sellar tumors themselves, pregnancy also 
increases the risk of vascular insult to the pitu-
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itary. Sheehan syndrome demonstrates the 
gland’s heightened sensitivity as a result of 
changing physiologic demands. The increased 
metabolic activity requires increased meta-
bolic resource utilization. A failure to ade-
quately recruit these resources from the blood 
can be the result of compromised vascular sup-
ply, systemic shock, or simply overwhelming 
demand. In Sheehan syndrome, even a tran-
sient episode of hypoperfusion can lead to 
severe and lasting pituitary injury. By both 
threatening the vascular supply of the sella and 
further increasing the compartment’s meta-
bolic demands, a tumor of any kind increases 
the risk of such an episode.

Similarly, pituitary apoplexy can be a singu-
lar event with devastating and enduring conse-
quences. As pregnancy increases local blood 
flow, the risk increases. In the setting of even a 
benign tumor, fragility of the vasculature 
increases the risk as well. Even if suspicion is 
low, any concern for apoplexy warrants further 
workup with clinical examination and possibly 
MRI given the potential consequences. If con-
firmed, it is a strong indication for immediate 
surgical intervention during pregnancy [51].

 Conclusions

The limited volume within the sella turcica pres-
ents a uniquely perilous environment for tumor 
growth. Pregnancy is associated with a number of 
well-defined hormoal changes, which can have a 
profound impact on the precarious condition of 
pre-existing pituitary region tumors. In turn, 
these tumors can represent a significant threat to 
the pregnant mother and her fetus. Identification 
and appropriate management are critical to avoid 
complications during pregnancy. Determining 
the type of tumor will inform the approach to 
care. The management is overwhelmingly con-
servative, even in those tumors discovered in 
advance of pregnancy. Therefore, the emphasis is 
on increased surveillance for symptom develop-
ment and medical management. Often, the goal is 
simply to suppress symptoms and defer more 
aggressive definitive treatment until after deliv-
ery. However, some cases cannot be controlled 

conservatively or present a more acute hazard to 
the patient, especially in the setting of pituitary 
apoplexy. In these rare cases, surgical resection 
may be recommended.

Disclosures None.
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34Chiari Malformation 
and Pregnancy

Katherine G. Holste and Karin M. Muraszko

 Introduction

Chiari malformation type 1 (CM) is defined as 
cerebellar tonsillar herniation of 5 mm or more 
through the foramen magnum. The prevalence is 
about 0.8–3.7% in children and 0.24–0.9% in 
adults [1]. As more and more MRIs are being 
completed for various reasons, CM is increas-
ingly identified, although only a fraction is symp-
tomatic [1, 2]. Syringomyelia may occur in 
25–50% of patients with CM and may be an indi-
cation that there is aberrant cerebrospinal fluid 
(CSF) flow dynamics due to crowding at the fora-
men magnum [3, 4]. There is an increasing inci-
dence of CM decompression surgery (CMD) in 
both the pediatric and adult populations [1]. As 
more patients with CM are identified, some inci-
dentally, and more patients are undergoing CMD, 
neurosurgeons are increasingly asked about the 
safety of pregnancy and labor in these patients. 
Unfortunately, most of the evidence in the litera-
ture is based on two large database reviews [1, 5], 
a few retrospective reviews [3, 6, 7], case series/
reports [8, 9], and expert opinion [10]. The lack 
of prospective analyses is an impediment to criti-
cal appraisal and informed counseling. In this 

chapter we will discuss the peripartum manage-
ment of patients with CM with and without syrin-
gomyelia Fig. 34.1.
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Fig. 34.1 Chiari malformation is defined as at least 5 mm 
of cerebellar tonsillar ectopia below the level of the fora-
men magnum and may be associated with a syrinx, a fluid 
filled cavity in the spinal cord
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 Preconception Counseling

One of the more common questions from parents 
with CM is whether they will pass this along to 
their child. Most cases of CM are thought to be 
sporadic. There is some evidence, using twin- 
twin studies, that demonstrate a higher concor-
dance of CM in monozygotic twins compared to 
dizygotic twins, but were discordant for other 
factors such as presence of a syrinx or severity of 
tonsillar herniation or symptoms [11–13]. There 
are also reports of familial aggregation or cluster-
ing of CM. In 31 families in which 2 or more had 
CM, 21% of asymptomatic first degree relatives 
also had CM [14]. In another study of 500 pediat-
ric patients undergoing CMD, 3% had a positive 
family history of CM [15], suggesting a higher 
prevalence of CM in those families than that of 
the general population, about 1 in 1280 or 0.078% 
[11]. Conversely, familial history of CM may 
lead to more MRIs obtained in even relatively 
asymptomatic patients. Inheritance of CM is 
likely polygenic, complex, and affected by envi-
ronmental factors and therefore making predic-
tions is challenging.

Patients with CM are also more likely to have 
other bony or connective tissue developmental 
problems. Examples include Ehlers Danlos syn-
drome, Klippel-Feil anomaly, tethered cord, and 
achondroplasia to name a few [10]. This is 
because CM is thought to be a disorder of bony 
and connective tissue during fetal development 
leading to the tonsillar herniation seen on imag-
ing. In a prospective study of patients with CM, 
5% had a hereditary disorder of connective tissue 
as well [16]. Patients with severe kyphosis due to 
connective tissue disorders may require 
 pulmonary function evaluation before proceed-
ing with general anesthesia [4]. General princi-
ples of preconception counseling are discussed in 
Chap. 1.

 Pregnancy Management

Most women with CM do not experience any 
change in their symptoms during pregnancy. In 
one study of 51 deliveries, 21 women had chronic 

headaches prior to pregnancy and there was no 
report of worsening headaches during preg-
nancy, delivery, or postpartum [6]. Conversely, 
there was actually improvement of chronic head-
aches during pregnancy in some women. In one 
case series, 4 out of 7 women endorsed improve-
ment in their chronic headaches during the sec-
ond and third trimesters [17]. Worsening of 
neurologic symptoms during labor is reported 
rarely in the literature. In untreated women, 
those who had not undergone CMD, the most 
common symptom was worsened tussive head-
ache [6]. Women with CM and a syrinx more 
commonly reported new or worsened neurologic 
symptoms during labor, including headache, 
numbness, and weakness, but even this appears 
to be uncommon (Table 34.1) [3].

 Method of Delivery

A trial of natural childbirth is not contraindicated 
in women with treated or untreated CM.  There 
have been many reports of women successfully 
delivering vaginally [6, 7, 9, 17–19]. In women 
who are asymptomatic or incidentally diagnosed, 
some experts propose that vaginal delivery is the 
method of choice unless there are obstetric con-
cerns [20]. The main concern raised about vagi-
nal delivery in the setting of CM is the potential 
for increasing ICPs during labor in patients with 
already elevated ICPs. Rarely, CM can be associ-
ated with increased ICP and it is unclear whether 
ICP is the cause of the CM or a result of the CM.

Valsalva maneuver can increase spinal fluid 
pressures. In a study of CSF pressure during 
delivery-related Valsalva, CSF pressures 
increased by 20–51 mmHg, from a basal pressure 

Table 34.1 Development of symptoms during labor is 
rare in women with CM, but appears to be more common 
in women who have an associated syrinx 

Patient 
characteristics Symptoms during labor
With CMD Rare
Without CMD Uncommon, but usually worse 

tussive headache
With syrinx Uncommon, but includes headache, 

numbness, weakness
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of around 13 mmHg. During the second and third 
stages of labor, when most of the bearing down 
occurred, there was an overall increase of 
8 mmHg in CSF pressures [4]. For women who 
have elevated basal ICPs from CM, that small 
increase in CSF pressure during the second stage 
of labor could theoretically be the tipping point 
for further herniation and a devastating  neurologic 
outcome. Some argue that the elevation in ICP is 
temporary and the risks mentioned above are 
only theoretical, as few patients in the literature 
are symptomatic from high ICPs during delivery 
[6]. In one multicenter retrospective review of 
185 deliveries in 148 patients, 43% underwent 
vaginal delivery without any catastrophic neuro-
logic complication [7]. To mitigate that theoreti-
cal risk, similar to patients with shunted 
hydrocephalus, some obstetricians recommend 
against prolonged second stage of labor and for 
instrument assisted delivery [9, 21]. Unfortunately 
for obstetricians, neurosurgeons, and anesthesi-
ologists, there is a lack of evidence- based guide-
lines and no uniform recommendations.

There have been a few retrospective reviews 
and large database studies examining the out-
comes of vaginal delivery in patients with 
CM. The safety of delivery in women who had 
undergone prior CMD has been documented in 
case reports and case series [4, 17, 22]. One 
could argue that patients who have had their CM 
treated have restored normal CSF flow by remov-
ing the crowding of the posterior fossa and elim-
inating the theoretic risk of neurologic 
complications. Safety of vaginal delivery in the 
untreated CM population is supported in the 
larger studies. In a cohort of patients who deliv-
ered before their diagnosis of CM, 14 vaginal 
deliveries were performed without complication 
or symptoms of worsening ICPs [18]. In a cohort 
of 63 women who had not undergone CMD, 
none of the patients who delivered vaginally had 
evidence of elevated ICPs or new or worsened 
neurologic deficits. The size of cerebellar tonsil-
lar herniation in patients who delivered vaginally 
varied up to 19 mm [6]. Finally, in another retro-
spective study of 21 women and 23 pregnancies, 
65% had a vaginal delivery, without neurological 
complications [19].

Patients who had prior CMD had similar out-
comes to those who were untreated. Wilkinson 
et  al. examined US medical records for 1048 
deliveries in 866 women with CM.  Of the 103 
deliveries in women who had a CMD at any time 
point, 66 deliveries occurred prior to surgery and 
37 after surgery. Interestingly, only 4 (7%) of 
those patients that went on to have CMD after 
their delivery even had a diagnosis of CM before 
delivery. The patients that were symptomatic 
enough to require surgical intervention had suc-
cessful deliveries prior to their diagnosis. There 
were no cases or serious maternal morbidity or 
mortality in any of the 103 deliveries [2]. This 
finding is supported in other primary literature as 
well [19]. Vaginal delivery is possible in women 
with CM, especially so in patients with a prior 
CMD, without report of catastrophic neurologic 
decline, symptoms of elevated ICPs or new or 
worsening neurologic symptoms during 
delivery.

Most, but not all, experts agree that a success-
ful vaginal delivery is possible, but in untreated 
women or symptomatic patients, obstetricians 
argue for a low threshold for performing a cesar-
ean (C)-section if vaginal delivery is expected to 
be difficult, prolonged, or complicated [10, 19, 
20]. Worsening ICPs or new neurologic symp-
toms are rare in the literature and appear to be 
more common in women with an associated syr-
inx [3, 19]. The most common reason for 
C-section in one cohort of CM patients was prior 
C-section or other obstetrical reason, followed by 
neurosurgical or neurologic recommendation in 
21% of cases [7]. Physician recommendation for 
C-Section was based on the size of tonsillar her-
niation, presence of a syrinx and at times pres-
ence of CM alone [6]. This conflicts with the 
findings of the Waters study, in which there was 
no difference in size of tonsillar herniation or 
patient characteristics in women who were rec-
ommended to have a C-section and those who 
underwent vaginal delivery [6]. This conflict is 
indicative of the variability of physician comfort 
in treating women with CM and lack of 
guidelines.

Two nationwide studies on inpatient samples 
for women with CM admitted for delivery dem-
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onstrated they were more likely to deliver by 
C-section than women without CM [2, 5]. The 
Wilkinson study included 400 deliveries after 
diagnosis of CM and 648 before diagnosis of 
CM. In patients with a known history of CM, the 
rate of C-section was higher than those who had 
not yet been diagnosed (42.3 compared to 36.2%) 
[2]. The higher rate of C-section among mothers 
with CM was also demonstrated in 1280 deliver-
ies examined in another nationwide inpatient 
sample [5]. The diagnosis of CM appears to bias 
clinicians in favor of recommending or perform-
ing a C-section.

 Anesthesia

The safety of performing neuraxial anesthesia in 
women with CM has been debated in the litera-
ture. Much of the fear of herniation or worsening 
symptoms of increased ICPs are based on three 
early cases (Table 34.2). One patient who under-
went spinal anesthesia prior to their diagnosis of 
CM developed recurrent headaches with vision 
changes not responsive to an epidural blood 
patch. On further workup she was found to have 
a CM and her headache resolved after 6 weeks of 
prednisone. Continuous spinal anesthesia was 
used in another woman leading to worsening 
headache that resolved after an epidural blood 
patch. Finally, one woman with CM developed 

headaches and gait instability 1 year after acci-
dental dural puncture during an epidural [4, 18]. 
These cases lead to the idea that neuraxial anes-
thesia may be contraindicated in CM patients, as 
any egress of CSF would lead to changes in the 
cranial and spinal compartment pressures and 
cause further cerebellar herniation. Since then 
there have been numerous reports of safe use of 
both spinal and epidural anesthesia [6, 18, 19] in 
patients before or after diagnosis of CM [18]. 
Outside of case reports, two larger studies sup-
port this claim. In one single center study of 
women with untreated CM, neuraxial anesthesia 
was used in 62 deliveries, 38 epidurals, and 24 
spinals without signs of increased ICPs or neuro-
logic complications [6]. In another multicenter 
retrospective review of 185 deliveries, 73% 
underwent neuraxial anesthesia without report of 
any catastrophic neurologic complications, 
although 3 did have a positional headache after-
ward [7].

The choice between epidural and spinal anes-
thesia appears to be clinician dependent. Epidural 
anesthesia has been used successfully in the lit-
erature, even in women with syrinxes, without a 
change in symptoms [9, 10, 17, 18, 21, 23]. There 
are two main considerations in the use of epidural 
anesthesia: accidental dural puncture and eleva-
tion of ICPs caused by epidural bolus of anes-
thetic. Epidural anesthesia should be performed 
with caution to avoid dural puncture given the 
larger size of the needle. If patients become 
symptomatic with positional headaches, then epi-
dural blood patch should be performed immedi-
ately so as not to obscure any CM related 
symptoms surrounding labor and delivery [10]. 
Epidural boluses of anesthesia can increase ICPs, 
ranging from 6 to 39 mmHg, thought to be due to 
the rapid deformation of the thecal sac after a 
bolus. This abrupt rise in ICP can be minimized 
when the bolus volume is halved, which increases 
ICP by 5 mmHg instead, and can be further miti-
gated with a slower rate of administration [4, 9]. 
In the case of spinal anesthesia, although one 
purposefully enters into the intrathecal space, it is 
performed with a smaller needle and the space is 
usually only accessed once so the amount of CSF 
that leaves the space is very small [8]. The use of 

Table 34.2 Three historical cases in the literature which 
were thought to indicate that neuraxial anesthesia was 
contraindicated in CM.  Subsequently there have been 
numerous cases of safe use of neuraxial anesthesia

Patient 
characteristics

Type of 
anesthesia Outcome

Undiagnosed 
CM

Spinal Recurrent headaches 
and vision changes 
refractory to epidural 
blood patch. Later 
diagnosed with CM

Undiagnosed 
CM

Spinal Headache, resolved 
after epidural blood 
patch

Diagnosed CM Epidural with 
accidental 
dural 
puncture

Headaches and gait 
instability for 1 year 
after epidural
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spinal anesthesia is less common than epidural in 
women with CM; 50% underwent epidurals com-
pared to 39% spinal in one study [7]. In women 
who have not had CMD, single access spinal 
anesthesia has been used successfully [3, 18, 19, 
23]. If there is a spinal fluid leak, then epidural 
blood patch should be performed immediately 
for the same reasons detailed above [10].

General anesthesia is preferred when patients 
are showing symptoms of elevated ICPs, although 
this is rare in laboring patients with CM [3, 19]. 
General anesthesia can avoid the risk of dural 
puncture in symptomatic patients with the added 
benefit of controlling the airway and blood pres-
sure if patients do decompensate. Conversely, 
laryngeal manipulation and endotracheal intuba-
tion can lead to abrupt increases in ICPs; there-
fore, some authors prefer awake fiberoptic 
intubation or rapid sequence intubation [4, 22]. 
When performing general anesthesia, extreme 
and prolonged neck extension should be avoided 
as patients with CM can have comorbidities such 
as Ehlers Danlos syndrome and cranio-cervical 
instability [10]. Overall, use of general anesthe-
sia for increased ICPs is rare in the literature in 
this population with the exception in few cases of 
patients with CM and syringomyelia which will 
be discussed below.

 Syringomyelia

Patients with CM can have concomitant syringo-
myelia in up to 25–50% of cases [21]. The pres-
ence of a syrinx is likely due to impaired spinal 
fluid dynamics from obstruction of the foramen 
magnum which can either force fluid through the 
obex into the central canal or through the perivas-
cular spaces into a syrinx [3]. The presence of a 
syrinx in patients with CM indicates that the 
crowding of the foramen magnum is significant, 
and the syrinx is usually resolved with CMD 
[24]. Symptoms of syringomyelia include weak-
ness, burning pain in the neck, back, or extremi-
ties, paresthesias, or referred chest pain. In 
patients with CM and a large syrinx, Bolognese 
et al. recommend repeat MRI of the spine around 
the 25th week to see if the syrinx has increased in 

size. If it has enlarged or if the patient has new or 
worsening symptoms of syringomyelia, then they 
recommend early delivery and CMD based on 
their expert experience at two multidisciplinary 
centers [10]. Conversely, no other authors recom-
mend repeat imaging of the spine during preg-
nancy [3, 4, 17, 21] unless the patient is 
symptomatic.

Most of the outcome data on women with CM 
and syringomyelia were limited to case reports 
and case series with little conclusions drawn until 
a recent systematic review [3]. Their cohort con-
sisted of 39 patients with syringomyelia, 21 of 
which were due to CM. Of the 43 total deliveries, 
30 were delivered by C-section and the most 
common reason sited was to avoid Valsalva and 
aggravation of the syrinx. Six of the 13 vaginal 
deliveries were instrumented to prevent pro-
longed second stage of labor. General anesthesia 
was most commonly used in 21 of the 30 
C-sections as neuraxial anesthesia was thought to 
possibly cause neurologic worsening. There were 
5 patients who had worsening of neurologic 
symptoms prior to delivery thought to be due to 
worsening ICPs [3]. Of the cases of worsened 
neurologic symptoms during delivery, headaches, 
paresthesias, numbness, and weakness were most 
commonly cited. In most cases, the symptoms 
resolved within 24 h of delivery via C-section [3, 
4, 19, 21]. Cases of worsening neurologic symp-
toms are rare in the CM literature but appear to be 
more common when there is a concomitant 
syrinx.

Data on vaginal delivery for women with CM 
and syringomyelia is limited. In the above sys-
tematic review, the cohort of women with CM 
associated syringomyelia was too small to draw 
meaningful conclusions [3]. In the few cases 
reported in the literature vaginal delivery 
appeared to be successful with epidural anesthe-
sia. [6, 17, 21, 23] In one case, passive second 
stage of labor was performed without complica-
tion [21]. One woman with a large syrinx had 
worsening upper extremity numbness tingling, 
muscle jerks, and tinnitus during the third trimes-
ter which resolved after vaginal delivery [17]. 
The reason for this limited amount of data is 
likely related to the preference for clinicians to 
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recommend or perform C-section when someone 
with CM has a syrinx [6, 19]. Therefore, it is dif-
ficult to assess how safe vaginal delivery is in this 
population.

 Postpartum Care

Data on postpartum outcomes in women with 
CM is extremely limited. Most of the data focuses 
instead on delivery method and use of anesthetic. 
In the Orth database study, women with CM were 
2.2 times more likely to develop severe medical 
complications including respiratory distress syn-
drome, stroke, CVA, sepsis, or seizures. They 
were also more likely to present with preeclamp-
sia or eclampsia. The reasoning behind this is 
unknown [5]. This directly conflicts with the 
Wilkinson study which reported a severe morbid-
ity rate of 0.9% in CM patients; no different than 
patients without CM [2]. Neonatal outcomes 
were reported as good, without complications, in 
a few case reports as well as the systematic 
review of patients with syringomyelia [3, 17, 21]. 
Ultimately, the postpartum outcomes of women 
with CM remain poorly understood. Neonatal 
outcomes appear to be good, from the limited 
data available, although no real conclusions can 
be drawn.

 Conclusion

The incidence of CM diagnosis has been 
increasing over time with the use of MRI along 
with an increasing rate of CMD. As such, more 
women with CM are becoming pregnant and 
delivering. There are no evidence-based guide-
lines for obstetricians, anesthesiologists, and 
neurosurgeons to rely on which further compli-
cates the care of women with CM. Overall, it is 
rare in the literature for women with CM to 
have worsening symptoms of elevated ICPs 
during labor but appears to be more common 
when a syrinx is present. Vaginal delivery is not 
contraindicated and is preferred if there are no 
obstetric complications and no symptoms of 

elevated ICPs. Neuraxial anesthesia can also be 
used, at the discretion of the anesthesiologist, 
with very few reports of neurologic 
complications.
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35Spina Bifida and Pregnancy

Katherine G. Holste and Karin M. Muraszko

 Introduction

Neural tube defects (NTD)s are one of the most 
common birth defects and occur in 1  in 1000 
live births worldwide [1]. Spina bifida, a large 
portion of NTDs, can be further divided into 
spina bifida occulta (SBO), failure of fusion of 
the vertebral arch without exposure of the neu-
ral elements, and spina bifida cystica, a midline 
defect in which the neural elements are exposed. 
Myelomeningocele (MMC) makes up a major-
ity of spina bifida cystica cases. As the treatment 
of MMC has advanced over time, women are 
more frequently living to childbearing age [2]. 
In fact, live births in women with MMC have 
been increasing dramatically within the last 
15 years [2]. Unfortunately, since the first pub-
lished case report in 1973, the data on women 
with SBO and MMC is limited to case series 
and a couple of national database reviews [2–4]. 
The recommendations for management are 
therefore based on the limited data and expert 
opinion. Having SBO or MMC is not a contrain-
dication for pregnancy. In fact, many women 
with MMC have had successful pregnancies and 
deliveries, but there are unique considerations 
of which clinicians and patients should be aware 

[4, 5]. In this chapter we will discuss the peri-
partum management of women with spina 
bifida, focusing primarily on MMC.

 Preconception Counseling

Patients with MMC have a variety of neurologic 
and non-neurologic comorbidities as a result of 
their open NTD during fetal development. Based 
on the level of their defect, patients will have dif-
fering function in their lower extremities, blad-
der, and bowels. They may also have Chiari II 
malformations and shunt dependent hydrocepha-
lus [6]. As such, preconception counseling needs 
to be tailored to the individual with consider-
ations of these factors (Table  35.1). Currently, 
there is no compelling evidence to suggest 
patients with MMC have an increased risk of 
miscarriage. One study of mothers with shunted 
hydrocephalus reported that 12 of their 32 
reported miscarriages were in three mothers with 
MMC, but this is too small of a cohort to draw 
any generalizable conclusions [7]. Unfortunately, 
most of the large cohort studies are based on 
patients with MMC admitted to hospitals for 
delivery, which excludes miscarriages and spon-
taneous abortions [2, 8].

Part of preconception counseling in MMC is 
the recurrence rate of NTDs in the fetus. The 
recurrence rate according to the literature is about 
1–5% if one parent is affected and up to 15% if 
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Table 35.1 Preconception and prepartum risks in 
patients with MMC as well as potential management strat-
egies. Patient specific considerations should be taken into 
account

Risk Management strategies
Increased risk of 
NTDs

High dose daily folic acid 
preconception and until 12th 
week of pregnancy

Use of AEDs Discussion with neurologist to 
ideally be on the lowest effective 
dose of a non-teratogenic agent

Maternal obesity Encourage to lose weight before 
conception

Increased risk of 
UTIs and renal 
damage

Involvement from urology may 
need screening renal function 
testing and treatment of 
asymptomatic bacteriuria

Kyphoscoliosis May obtain pulmonary function 
tests and echocardiogram to 
assess pulmonary impact during 
pregnancy

Hypertension Medical management of 
hypertension similar to women 
without MMC

Shunted 
hydrocephalus

Higher index of suspicion for 
shunt malfunction or failure

both parents are affected. The inheritance of 
MMC is controversial and it is thought to be mul-
tifactorial in origin with influence of environ-
mental and multiple genetic factors. There is not 
a single gene attributed to MMC, but the most 
common genes are those related to folate homo-
cysteine metabolism and are thought to be inher-
ited in an autosomal dominant manner with 
reduced penetrance [1, 9]. In order to reduce the 
risk of a NTD in the offspring, 5 mg of folic acid 
daily taken prior to pregnancy is recommended 
for mothers with a personal history of NTD or 
who have had a baby with a NTD [9]. Previous 
randomized control trials have demonstrated the 
effectiveness of folic acid supplementation in this 
population with one study demonstrating 72% 
reduction in NTD cases in women with a previ-
ously affected fetus given 4 mg of folic acid daily 
[10]. This supplementation should be started 
3 months before conception and should be con-
tinued until the 12th week of pregnancy [9]. This 
is especially important if the patient is on certain 
antiepileptic drugs (AEDs; discussed in detail in 
Chap. 28).

Another aspect of caring for these patients 
involves further mitigating their risk of adverse 
maternal and fetal outcomes. About 12% of 
patients with MMC have epilepsy and as such 
they will be on AEDs [11]. Ideally, they should 
be on the lowest effective dose of a single, non- 
teratogenic agent. Patients with diabetes, regard-
less of a NTD, are at increased risk of fetal 
malformations of the central nervous system. 
Diabetic control should be optimized preconcep-
tion to help reduce this risk [9]. Finally, maternal 
obesity alone increases the risk of fetal NTD by 
1.9–3.5 times [12]. Patients with MMC are 50% 
more likely to be obese than the general popula-
tion, likely in part due to reduced mobility [13]. 
Antenatal and intrapartum complications are 
increased two to three fold by maternal obesity 
[9]. Patients should be encouraged to lose weight, 
if possible, before conception to reduce their 
maternal and fetal risks.

 Pregnancy Management

 Managing Comorbidities

Patients with MMC can have many comorbidities 
outside of neurologic deficits such as bladder/
bowel dysfunction, kyphoscoliosis, and other 
orthopedic complications. Neurogenic bladder is 
a very common chronic problem in patients with 
MMC [6]. Their risk of urinary tract infections 
(UTIs) and renal damage from hydronephrosis is 
well documented in the literature. This risk is 
particularly elevated during pregnancy. The rea-
son for this is multifactorial: prostaglandins and 
hormones during pregnancy decrease ureter peri-
stalsis causing urine stasis and the gravid uterus 
causes mechanical obstruction [8, 9]. Recurrent 
UTIs are associated with low birth weight and 
preterm delivery [14]. Some authors recommend 
obtaining baseline renal function and then screen-
ing regularly throughout pregnancy as well as 
performing regular urinalysis [5]. This is clini-
cally supported by data demonstrating that treat-
ment of asymptomatic bacteriuria in pregnant 
patients was beneficial and reduced the risk of 
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symptomatic UTI, low birth weight, and preterm 
delivery in a meta-analysis [14]. Some patients 
with MMC require frequent intermittent straight 
catheterization which does have an increased risk 
of UTIs associated with it as well. Other patients 
will have urinary diversion procedures or bladder 
augmentation complicating their intraabdominal 
anatomy [5].

Kyphoscoliosis in MMC ranges in its severity 
and its effect on pregnancy is multifactorial. 
Historically, kyphoscoliosis had been a contrain-
dication for pregnancy due to risk of cardiopul-
monary compromise, but continued evidence 
refutes this claim and shows that women with 
kyphoscoliosis can have safe pregnancies and 
deliveries [15]. In the more severe cases, mechan-
ical restriction of the ribcage causes reduced lung 
volumes, diminished forced vital capacity, right 
heart strain, and remodeling [15]. Adding in the 
gravid uterus diminishes the pulmonary function 
further. In this case, the clinician may opt to 
obtain pulmonary function tests and an echocar-
diogram during pregnancy to assess the impact. 
Patients may need positive pressure ventilation to 
improve oxygen saturations, especially overnight 
[9]. From a biomechanics standpoint, kyphosco-
liosis reduces the volume of the abdominal and 
pelvic cavity causing fetal growth restriction [5]. 
Some authors recommend obtaining more fre-
quent growth ultrasounds due to potential com-
pression of the fetus. It can also reduce the pelvic 
outlet, making vaginal delivery more difficult, if 
not impossible [5].

Patients with MMC are also more likely to 
have hypertension at a younger age. They have a 
6% increase in risk of hypertension, especially 
in the fourth decade of life. This may be due to 
longstanding renal disease or obesity [16]. 
Medical management of hypertension is similar 
to that in other pregnant women. There is also a 
theoretical increase in risk of deep vein throm-
bosis, especially in pregnant patients who are 
immobile. There is no consensus on upfront 
prophylaxis, but the general recommendations 
are screening with deep vein ultrasound and 
prophylactic anticoagulation if the patient is 
immobile and has multiple risk factors [9, 17]. 
A significant portion of the MMC population 

have shunted hydrocephalus. Women with 
shunts are more likely to experience shunt mal-
function or failure requiring revision during the 
peripartum period [7]. For more information on 
that subject, see the chapter on hydrocephalus 
and pregnancy (Chap. 36).

 Mode of Delivery

Having MMC is not a contraindication for vagi-
nal delivery. There have been a number of 
reported successful vaginal deliveries in mothers 
with MMC and SBO [4, 18, 19]. Two of the larg-
est studies on a nationwide database examining 
delivery outcomes in women with MMC were 
performed by Shepard et al. [2, 8]. They exam-
ined the United States Healthcare Cost and 
Utilization’s National Inpatient Sample compar-
ing 10,147 deliveries from women with MMC 
and SBO to 42 million deliveries among women 
without a NTD.  About 1/3 of their cohort had 
SBO and 18% had MMC with shunted hydro-
cephalus. They found only 43.8% of women with 
MMC or SBO had normal vaginal deliveries 
compared to 62.4% in women without NTD [2]. 
When separating the two populations, patients 
with SBO were more likely to have a normal vag-
inal delivery, whereas those with MMC and those 
with hydrocephalus in particular, had higher rates 
of cesarean (C)-section (64.3% had C-section 
compared to the national average of 31.9%). In 
another large Canadian study by Auger et  al. 
examining 397 women with MMC and 720 
births, women with MMC were twice as likely to 
have a C-section [3]. Having paraplegia does not 
immediately subject a woman to a C-section. 
Robertson et  al. reported successful vaginal 
delivery in 26 women with paraplegia due to a 
mix of trauma and congenital causes with lesions 
above the tenth thoracic level [20]. Of the 39 
deliveries in this series, 21 were delivered nor-
mally, 15 required instrument assistance, and 3 
required C-section for obstetric reasons. The 
group argued that though the innervation of the 
uterus was disrupted, it still had polarizing con-
tractions [20]. In women with paraplegia, there 
may be a reduced ability to bear down resulting 
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in need for instrument assistance to achieve safe, 
efficient vaginal delivery [3, 5, 9].

In the obstetric literature, vaginal delivery is 
preferred over C-section for women with MMC 
[2, 19]. C-section may be required for typical 
obstetrical complications such as fetal distress or 
failure of progression of labor. Malposition and 
obstruction of labor were common indications 
for C-section in the MMC and spinal cord injury 
population [17, 20]. Uniquely in the MMC popu-
lation, vaginal delivery may not be indicated for 
women with small pelvic inlets due to kyphosco-
liosis, severe contractures in the lower  extremities 
or shunt complications including existing ele-
vated intracranial pressure [2, 5]. C-section can 
put a ventriculoperitoneal shunt at risk of infec-
tion or damage [18]. Also, women with MMC 
may have had multiple intraabdominal proce-
dures such as ileal or bladder augmentation 
which can make a C-section complicated by 
adhesions or complex anatomy [4, 5, 18]. In a 
few of the reported cases, damage to patients’ 
ileal conduits or bladder reconstructions were 
reported during C-section [5, 19]. For this reason, 
if a woman has known complicated urologic his-
tory, some obstetricians recommend having a 
urologist nearby during the operation [2, 5].

 Anesthetic

The choice of regional anesthetic for delivery in 
the setting of NTD is quite controversial in the 
literature. There is agreement that the high preva-
lence of tethered cord in MMC confers higher 
risk of spinal cord injury during spinal anesthe-
sia. Patients with SBO can also have tethered 
cord and require assessment of the level at which 
the conus medullaris terminates. In the case of 
tethered cord, the conus medullaris may termi-
nate at a lower lumbar level, complicating the use 
of normal anatomic landmarks for lumbar punc-
ture/spinal anesthesia. Therefore, MRI of the 
spine is recommended to evaluate where the 
conus ends before performing spinal anesthesia. 
Patients with SBO and no tethered cord tend to 
tolerate spinal and epidural anesthesia well with-
out increased risk of complication [9, 21].

In MMC, spinal anesthesia becomes more 
complicated owing to the tethered cord as well as 
the unique anatomy resulting from fetal and pos-
sible subsequent surgeries. Some authors recom-
mend against spinal anesthesia in patients with 
MMC, while others report spinal anesthesia 
being used without complication in a few cases 
[9, 18]. Epidural anesthesia is possible and can be 
successful, but anatomic issues may make place-
ment of the epidural catheter difficult resulting in 
patients experiencing patchy anesthesia. There 
may be extreme scarring of the epidural space 
due to previous spinal surgeries. Importantly, the 
epidural space in patients with MMC is obliter-
ated at the level of the defect but can be signifi-
cantly scarred in a broader area. Patients with 
MMC will lack spinous processes at the level of 
their lesion and will have undergone at least one 
surgery, if not more in the case of tethered cord. 
Tidmarsh et al. recommend placement of the epi-
dural catheter above the level of their lesion 
where the anatomy is more normal [21]. Some 
patients, however, may have insufficient perineal 
anesthesia due to poor caudal spread of the anes-
thetic. In this case, either a second epidural cath-
eter can be placed to obtain adequate perineal 
anesthesia or a pudendal nerve block can be 
attempted [9, 18, 21]. The choice of anesthetic is 
generally determined by the comfort level of the 
anesthesiologist and a discussion with the obste-
trician and patient.

 Postpartum Outcomes 
and Management

In the Auger study, women with MMC had a 
higher prevalence of maternal and fetal adverse 
outcomes (Fig. 35.1). Mothers with MMC were 
9.5 times more likely to have a respiratory mor-
bidity such as pulmonary embolism, amniotic 
fluid embolism, acute pulmonary edema, respira-
tory distress, etc. and they were 23 times more 
likely to be intubated. They had longer lengths of 
stay, ICU admission, and increased risk of mater-
nal death or near miss events as compared to the 
general population [3]. This was echoed in the 
Shepard study: women with MMC were more 
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• Increased risk of Respiratory Morbidity 
Pulmonary embolism
Acute pulmonary edema
Respiratory distress
Need for intubation

• Longer length of hospital stay and ICU admission
• Increased risk of maternal death
• Increased risk of preterm delivery
• Increased risk of UTI
• Infants had a higher rate of preterm birth, low birth weight, intracranial hemorrhage, 

respiratory distress, birth hypoxia, and need for intubation. 
• Increased risk of shunt failure up to 1 year postpartum

Fig. 35.1 Increased risk 
of adverse maternal and 
infant morbidity in 
women with MMC

likely to have preterm delivery (<37  weeks), 6 
times more likely to have UTIs and overall were 
more likely to have adverse neurologic (seizures, 
shunt malfunctions), pulmonary (pneumonia, 
respiratory distress), renal (kidney injury, UTI), 
and cardiac complications than the general popu-
lation [8]. The exact reasoning for the increased 
risk of adverse events postpartum is unclear, but 
could be due to the multiple medical comorbidi-
ties often found in women with MMC such as 
obesity, hypertension, diabetes, and baseline uro-
logic dysfunction.

In the Auger study, infants born to women 
with MMC had a higher rate of preterm birth 
(<37 weeks), low birth weight, intracranial hem-
orrhage, respiratory distress, birth hypoxia, need 
for intubation, and length of stay >14 days [3]. 
There was no significant increased risk of death, 
preterm birth (<32  weeks), or very low birth 
weight (<1500  g). There was a significantly 
increased risk of oral clefts and abdominal wall 
diaphragmatic defects, but no significant 
increased rate of NTD [3]. Preterm labor and low 
birth weight in babies of mothers with MMC 
have been demonstrated in the literature before 
this 2019 study [5, 18, 19]. Preterm birth and low 
birth weight are not just restricted to women with 
MMC; women with spinal cord injury due to 
trauma were also more likely to have preterm 
delivery and low birth weight as well as increased 
risk of UTIs and pyelonephritis [17]. Some 
authors postulate that most of the adverse neona-
tal outcomes are a result of preterm delivery. 
Recurrent UTI is also known to cause preterm 
labor, and in this population where recurrent UTI 
and kidney injury are already a problem, it likely 

contributes [8, 14, 17, 19]. Additionally, midline 
schisis abnormalities such as cleft lip, omphalo-
cele, and diaphragmatic hernias tend to cluster in 
individuals and families along with NTDs [3]. 
Interestingly, there does not appear to be an 
increased risk of NTDs in this population.

The data on postpartum care for women with 
MMC is extraordinarily sparse, especially out-
side of the immediate postpartum window. It 
appears that UTIs and hypertension persist dur-
ing the postpartum period. Hypertension in some 
cases worsened in the postpartum period [9, 19]. 
Perhaps the most striking complication in the 
postpartum period is the risk of shunt malfunc-
tion and failure, which can linger up to 1  year 
after delivery [7, 22]. Shunt infection and resul-
tant shunt malfunction may occur in a delayed 
fashion after C-section and must always be con-
sidered particularly for indolent organisms such a 
P. acnes which may present months after surgical 
manipulation. CSF obtained in sick patients to 
rule out infection should be cultured for at least 
2 weeks to assess for low grade pathogens such 
as P. acnes. Breastfeeding may be difficult in 
women with kyphoscoliosis from a mechanical/
positioning standpoint. Eliciting support from 
breastfeeding specialists can be helpful if the 
mother desires to breastfeed [9].

 Conclusion

In conclusion, pregnancy is not contraindicated 
in women with MMC and SBO. Preconception 
counseling includes the increased risk of NTDs 
in their offspring, recommended initiating folic 
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acid supplementation prior to pregnancy, shunt 
care, and urologic care as these women are at 
increased risk of shunt malfunction or failure, 
UTIs, and renal complications. Vaginal delivery 
is not contraindicated and is even preferred, as 
long as there are no obstetric issues, no evidence 
of elevated intracranial pressure, appropriate pel-
vic parameters, and no contractures. C-section 
can be complicated as these patients may have 
had multiple prior surgeries and unique anatomy. 
Use of regional anesthesia, spinal or epidural, 
depends on the comfort level of the anesthetist, 
but the patients’ complicated anatomy after 
MMC repair or presence of tethered spinal cord 
increases risk of incomplete anesthesia and spi-
nal cord injury, respectively. Women with MMC 
are at increased risk of adverse outcomes and are 
more likely to deliver preterm with a low weight 
infant. Infants of mothers with MMC are also 
more likely to have adverse outcomes, likely 
related to prematurity. A healthy pregnancy and 
delivery are possible in women with MMC and 
SBO with the careful observation of their multi-
disciplinary clinical team.
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36Hydrocephalus and Pregnancy

Katherine G. Holste and Karin M. Muraszko

 Introduction

As surgical and medical management have 
advanced over time, hydrocephalus patients 
have experienced improved length and quality 
of life. Importantly, women with hydrocephalus 
are more commonly surviving to childbearing 
age, and as such neurosurgeons, neurologists, 
obstetricians, and anesthesiologists are faced 
with the management of peripartum patients 
with shunts. Case reports of pregnancy and 
childbirth in patients with shunted hydrocepha-
lus were first published in 1979 [1] with only 26 
publications by the year 2000 in the neurosurgi-
cal, obstetric, and anesthesiology literature [2]. 
Since then, there have been a handful of addi-
tional studies [3–8]. Most reports on manage-

ment of pregnant patients with hydrocephalus 
are case reports or case series, with a few nota-
ble exceptions which we will discuss later in 
this chapter [2, 9, 10]. The recommendations on 
management of these patients remain dependent 
on a limited sample of literature including case 
series, one prospective survey, a few larger ret-
rospective chart reviews, and expert opinion. In 
this chapter, we will summarize the current evi-
dence, including that derived from case reports, 
and highlight areas where more research is 
needed. The multiple modalities of cerebrospi-
nal fluid (CSF) shunts, including ventriculoperi-
toneal (VP), ventriculoatrial (VA), and 
ventriculopleural (VPl), will be grouped 
together with unique considerations discussed 
as needed (Fig. 36.1).
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Ventriculo-atrial
shunt

Ventriculo-pleural
shunt

Ventriculoperitoneal
shunt

Fig. 36.1 A single diagram 
representating three of the most 
common shunt terminuses used. 
The proximal shunt catheter is 
connected to a valve which is 
connected to a single distal 
catheter which can terminate in 
the peritoneum, pleura or atrium 
of the heart. Less common shunt 
terminuses are not represented in 
this diagram

 Preconception Management

One of the most important points of consensus 
regarding hydrocephalus and pregnancy is that 
shunted hydrocephalus is not a contraindication 
for pregnancy. However, patients with shunts are 
at increased risk of shunt malfunction during and 
after pregnancy and therefore require close moni-
toring from a multidisciplinary team including 
their obstetrician, neurosurgeon, neurologist, and 
other care providers. The prevalence of symp-
toms indicative of elevated intracranial pressures 
(ICPs) including headache, nausea, vomiting, 
altered sensorium, cranial neuropathies, or other 
new neurologic deficits has been reported to be as 
high as 59–76% of women with shunted hydro-
cephalus during pregnancy [2, 10]. Moreover, 
25–50% of patients experience shunt failure 
requiring surgical revision [10]. To identify 
patients at risk of these complications, it is abso-
lutely critical to obtain baseline imaging prior to 
conception, either in the form of head CT or, 
preferably, brain MRI. For patients who have had 
multiple shunt revisions in their lifetime, they 
may already have optimized baseline imaging 

that demonstrates ventricular size while the 
patient is not being evaluated for shunt failure. 
Other patients without readily accessible baseline 
imaging including those without prior shunt revi-
sions, those who have not followed up with a sur-
geon in many years, or those who are new to a 
healthcare system should undergo intracranial 
MRI. It is valuable to establish baseline ventricu-
lar size and CSF space appearance prior to 
pregnancy.

Generally speaking, other areas of preconcep-
tion counseling should follow obstetrical guide-
lines. Of note, patients with shunted 
hydrocephalus may be on anti-epileptic drugs 
(AEDs) which can exhibit teratogenicity. These 
medications should be thoroughly reviewed and 
an appropriate regimen can be determined by the 
neurology team can. For AEDs with unfavorable 
fetal safety profiles, it may be necessary to dis-
continue or substitute the agent. In all patients, 
changing the dose should be considered to 
account for changes in metabolism and body vol-
ume changes during pregnancy. Any changes 
should be made under supervision of the treating 
neurologist or neurosurgeon [10]. Considerations 
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for AED management during pregnancy are dis-
cussed in detail in Chap. 28. Patients with shunts 
must also be counseled on the elevated risk of 
miscarriage or abortion owing to the underlying 
hydrocephalus [2, 11].

 Pregnancy Management

 Symptoms During Pregnancy

As discussed above, more than half of patients 
with shunted hydrocephalus reported new or 
worsened symptoms of elevated ICPs during 
pregnancy. The quoted prevalence of 59% is 
derived from the combined publications of 
Liakos [2] and Bradley [12] et al., the former an 
update to the latter, which represents one of the 
largest studies on pregnancy in women with 
shunted hydrocephalus. These results reported by 
the same group were obtained by prospective sur-
vey of 70 women with shunted hydrocephalus, a 
combination of VP, VA, and VPl shunts, about 
their collective 138 pregnancies. The cause of 
hydrocephalus in these women was varied and 
consisted of a combination of congenital and 
acquired cases. This cohort included 54 patients 
with VP, 10 with VA, and 1 with VPl shunts; 5 
patients had multiple shunt configurations. The 
cohort was followed throughout pregnancy and 
6  months post-partum. Shunt malfunction and 
shunt failure were examined separately; shunt 
malfunction was defined as any symptoms of 
elevated ICP which required medical attention 
but did not require surgical intervention, while 
shunt failures were those cases that required sur-
gical revision. Over the course of 138 pregnan-
cies, there were 19 malfunctions and 7 revisions, 
of which 5 revisions occurred in 2 patients. Of 
the patients who did not require surgery during 
pregnancy, many of them experienced resolution 
of their symptoms after delivery.

Increased incidence of headaches and other 
symptoms of possibly elevated ICP clustered 
around the second and third trimester of preg-
nancy. In one of the other larger studies of preg-
nant women with shunted hydrocephalus, a 
retrospective examination of 18 patients and 21 

pregnancies published by Wisoff et al. in 1991, it 
was demonstrated that 6% of patients had severe 
headaches without any other symptoms of ele-
vated ICP or imaging evidence of ventriculomeg-
aly during pregnancy [10]. Interestingly, four 
patients with acquired hydrocephalus in this 
series required index shunt placement following 
the development of symptoms of elevated ICPs 
during the second and third trimesters; their 
symptoms resolved after shunt placement. 
Similarly, Olatunbosun et  al. reported on three 
cases of index shunting during pregnancy at 1, 
12, and 24 weeks without neurosurgical or obstet-
ric complication [13].

There are a few hypotheses as to why head-
aches and other symptoms of elevated ICP may 
increase during pregnancy. The first is that the 
gravid uterus causes increased abdominal pres-
sure which then exerts pressure onto the distal 
shunt tubing in the case of VP shunts and causes 
a functional rather than mechanical obstruction. 
In the case of the other shunt configurations, the 
increased intra-abdominal pressure may cause 
venous congestion leading to elevated ICPs [2]. 
Conversely, Finfer et  al. argued that there are 
other aspects of pregnancy that contribute to ele-
vated ICPs including increased salt and water 
retention causing cerebral edema, venous disten-
tion, increased blood volume, and increased car-
diac output during pregnancy [14]. Notably, these 
changes reach peaks during the second and third 
trimesters (see Chap. 7 for details). In the case of 
acquired hydrocephalus due to tumors, hormones 
circulating during pregnancy may contribute to 
tumor growth or even hemorrhage in certain 
types of mass lesions (see Chaps. 32 and 33) 
[15]. Further complicating matters, these symp-
toms are very similar to symptoms of pre-eclamp-
sia and may go unrecognized [7].

Conservative measures reported in these 
analyses for the treatment of headaches and 
symptoms of elevated ICP without imaging evi-
dence of shunt failure included elevating the 
head of the bed, bed rest, fluid restrictions, and 
at times diuretics [10]. Fluid restriction and 
diuretic use was under careful monitoring and 
direction of obstetricians to prevent fetal-pla-
cental hypoperfusion. In a few cases, shunt 
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pumping was utilized during the third trimester 
by the patients’ neurosurgeons; notably, this 
procedure was no longer needed after delivery 
[8, 16]. Because the shunt was thought to be 
functionally obstructed by reduced pressure dif-
ferential incited by the gravid uterus rather than 
a true mechanical obstruction, temporizing 
measures were felt to be safe and prevented sub-
jecting the patient to the risks of a shunt revision 
operation.

While shunt-related complications may 
occur, they are relatively uncommon and diffi-
cult to predict. In the Liakos and Bradley stud-
ies, there were 77 pregnancies without shunt 
malfunction or failure [2, 11, 13]. Moreover, in 
the Wisoff study, the clinical course of one 
pregnancy did not predict the clinical course of 
the subsequent pregnancies. In 3 patients who 
each had 2 pregnancies, one was asymptomatic 
in both pregnancies, one was symptomatic in 
both pregnancies not needing revision and one 
was asymptomatic in one pregnancy and in the 
subsequent  pregnancy required revision [10]. 
One group recommended the use of ultrasound 
during routine checkups to examine the perito-
neal catheter for kinking, deviation, or cyst for-
mation. In their cohort of 3 patients with VP 
shunts, they also used the ultrasound to mark 
the course of the catheter on the skin at the end 
of pregnancy in case an emergent C-section 
was needed [4].

Other considerations during pregnancy 
include seizures, abdominal pain, and fetal test-
ing. In patients with shunted hydrocephalus, 
12% had an exacerbation of their seizure disor-
der during pregnancy, possibly due to altera-
tions in medication metabolism [10]. Adjustment 
of dosing should be considered as discussed 
above and in Chap. 28. About 22% of patients 
with VP shunts reported sharp stabbing abdomi-
nal pain during the first trimester of pregnancy, 
which resolved in the second trimester and did 
not require any shunt revisions [2]. In regard to 
fetal testing, amniocentesis has been performed 
in a limited number of reported patients (18 in 
one study) with VP shunts without report of 
neurosurgical complications such as infection or 
damage to the shunt tubing [2].

 Method of Revision

In cases requiring revision, the type of shunt to 
implant during pregnancy is controversial. 
Generally, there was no relationship in the litera-
ture between the type of shunt and number of 
revisions [2, 10]. Okagaki et al. suggested that if 
revision is required, then VP shunts should be 
converted to VA shunts to avoid the elevated 
intra-abdominal pressures in the second and third 
trimester; notably, this assertion was based on a 
single case report [17]. VA shunts come with 
their own set of risks and complications includ-
ing a few cases of mitral valve prolapse and distal 
catheter migration in these cohorts [2, 10], as 
well as infection, pulmonary hypertension, endo-
carditis, renal damage, and even end-stage renal 
disease in the setting of VA shunt infection [18]. 
Furthermore, inserting a VA shunt does not cir-
cumvent the increased venous pressure of preg-
nancy, although one could argue that the 
movement of the right atrium functions as a 
siphon, making it less likely to have a distal 
obstruction, even during pregnancy [19]. Others 
have suggested that VPl may be a good alterna-
tive as it circumvents the potential complications 
of both VP and VA shunts. However, this asser-
tion is based primarily in theory due to scarce 
reports of VPl shunts during pregnancy in the lit-
erature; therefore, generalization should be taken 
with caution [12]. When placing a VP shunt dur-
ing pregnancy, Wisoff et  al. argued that place-
ment in the normal fashion was safe during the 
first trimester, but the tunneling trocar should not 
be used during the third trimester to avoid dam-
age to the gravid uterus or induction of preterm 
labor and recommended placement of VA or VPl 
shunts in the third trimester [10].

 ETV

Endoscopic third ventriculostomy (ETV) has 
been used for the treatment of obstructive hydro-
cephalus and works by creating a stoma between 
the third ventricle and subarachnoid spaces to 
bypass an area of CSF flow obstruction, usually 
at the cerebral aqueduct. Recently, there was a 
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small cohort of pregnant patients with obstructive 
hydrocephalus who underwent successful ETVs. 
Riffaud et al. reported a cohort of 5 patients, two 
of which were not shunt dependent prior to preg-
nancy who were successfully treated. These two 
patients had acquired triventriculomegaly due to 
compressive midbrain and tectal lesions and 
became symptomatic during pregnancy due to 
lesion expansion and hemorrhage, respectively. It 
might be argued that the underlying cause of their 
hydrocephalus was affected by pregnancy rather 
than the shunt being affected by pregnancy. The 
other three patients had prior VP shunts for cere-
bral aqueductal stenosis and developed shunt 
failure with triventriculomegaly during preg-
nancy. All 5 patients underwent ETV, with VP 
shunt removal in the latter 3, and had symptom 
resolution without need for implantation/reim-
plantation at 1 year follow-up [15]. Though lim-
ited in sample size, these data showed that for 
patients with worsening acquired obstructive 
hydrocephalus or shunt failure during pregnancy, 
ETV is a good alternative to shunt revision that 
mitigates concerns of implanting foreign materi-
als and obtaining intra-abdominal access. It is 
important to note that ETV is indicated for 
obstructive, not communicating, hydrocephalus 
and does still carry risk of infection, hemorrhage, 
and closure of the stoma resulting in continued 
hydrocephalus.

Hydrocephalus associated with increased 
venous pressures will not be improved without 
shunting, improvement in venous outflow, and/or 
correction of the etiology of idiopathic intracra-
nial hypertension (IIH). Such causes of IIH 
include venous thrombosis, jugular foraminal 
stenosis, obesity, and a wide variety of medica-
tions. Addressing the cause of the IIH and result-
ing hydrocephalus are the ideal solution.

 Delivery Management

 Mode of Delivery

The presence of shunted hydrocephalus itself is 
not a contraindication for vaginal delivery. Many 
asymptomatic patients have undergone success-

ful vaginal delivery of their infants and when 
obstetrically feasible vaginal delivery is preferred 
in this population [1, 3, 4, 9, 13, 16]. Cesarean 
(C)-section is felt to pose a greater threat to a VP 
shunt as the tubing could be exposed and infected 
or damaged during surgery and adhesions could 
form around the end of the catheter [2, 16]. A few 
authors recommend that the second stage of labor 
be shortened in all patients with shunted hydro-
cephalus to reduce the duration of intracranial 
hypertension that occurs with such a significant 
Valsalva maneuver [5, 11]. The second stage of 
labor can be shortened by the use of episiotomy 
and/or delivery augmentation with vacuum or 
forceps. Conversely, some argue that pushing is 
not contraindicated in asymptomatic shunt 
patients as the one-way valve prevents reverse 
flow and the ICP elevation is temporary [16]. In 
patients undergoing C-section, as with any intra- 
abdominal procedure, there is risk of delayed 
shunt infection with more indolent bacterial spe-
cies such as P. acnes; infection should, therefore, 
be considered as a possible cause of shunt mal-
function after C-section.

In the setting of shunted hydrocephalus, 
C-section is generally performed for obstetric 
reasons, such as fetal complications or failure of 
progression of labor [16]. Of 13 patients in one 
study for whom C-section was performed due to 
their shunt, 4 were performed for symptoms of 
elevated ICPs and 9 because the treating obste-
tricians thought it was protective of shunt func-
tion. Two other patients who were previously 
asymptomatic developed symptoms of elevated 
ICP during delivery but had relief of their symp-
toms after delivery and did not require shunt 
revision [2].

 Anesthesia

The use of various modes of anesthesia during 
delivery in patients with shunted hydrocephalus 
has been hotly contested. The majority feel that 
spinal and epidural anesthesia are not contraindi-
cated in these patients [11, 16]. In the Liakos 
study, epidural anesthesia was used in about 39% 
of vaginal deliveries and 43% of C-sections, 
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while spinal anesthesia was used only in 1 patient 
undergoing vaginal delivery and in 6 undergoing 
C-section (13.6%) [2]. Prophylactic antibiotics 
before epidural or spinal anesthesia to mitigate 
risk of CSF infection has been discussed, 
although the literature remains inconclusive [20].

A theoretical risk of draining CSF during spi-
nal anesthesia in patients with hydrocephalus is 
that it may change in the differential pressure 
between the intracranial and spinal CSF compart-
ments [20]. When using a small gauge needle, 
most commonly 27G, for spinal anesthesia, only 
about 11 mL of CSF escapes over 5 h from the 
small hole in the dura. Considering that 20 mL of 
CSF is produced per hour, this is a negligible 
amount and should not be significant enough to 
meaningfully alter the shunt mechanics [20]. One 
important consideration is that post-procedural 
headaches after spinal anesthesia could be con-
fused with shunt malfunction and lead to misdi-
agnosis; however, this can be avoided with a 
detailed clinical exam and history. Most notably, 
post-procedural spinal headaches should improve 
with lying flat and worsen when the head is 
raised, whereas those related to high ICP should 
worsen in the supine position and improve when 
the head is raised owing to the effect of gravity on 
CSF drainage. While conservative management 
of post-procedural spinal headaches involves 
lying flat for 24 h, patients with already elevated 
ICPs related to hydrocephalus/shunt malfunction 
may experience worsened headaches in the 
supine position and, according to one report, this 
can lead to need for shunt revision [2, 4]. A few 
groups recommend early treatment of post- 
procedural headaches with epidural blood patch 
so these patients do not need to lay flat for an 
extended period of time [2, 20]. Aside from 
altered CSF dynamics and ICP, there has been 
report that patients with lumboperitoneal shunts 
may exhibit shorter duration of regional anes-
thetic, thought to be due to migration of the drug 
from the CSF to peritoneal space [21].

General anesthesia can be used for asymptom-
atic or symptomatic patients with elevated ICPs 
to help with ICP control [7]. General anesthesia 
is preferred for patients with high ICP or those 
who are exhibiting neurological deterioration [2, 

7]. In one report, anesthesia providers opted to 
use general anesthesia for asymptomatic patients 
to mitigate the risk of elevating their ICP.  This 
was done successfully without neurosurgical or 
obstetric complication in 17 C-sections [2]. Due 
to the ambiguity in selection of anesthesia for 
these patients in the literature, the decision for 
any individual patient should be based on their 
clinical appearance, symptomatology, risk of 
intracranial hypertension, and the comfort and 
experience of the treating obstetrician and 
anesthesiologist.

 Antibiotics

The use of antibiotics during delivery is contro-
versial for patients undergoing vaginal delivery. 
Some feel that antibiotics should be used in all 
cases, similar to use in endocarditis, to avoid 
infection of the shunt due to the risk of bactere-
mia with delivery [13]. In this case, the antibiotic 
of choice should cover for reproductive tract 
pathogens including group B streptococcus, 
enterococcus, and gram negative organisms. 
Typical treatment includes a penicillin like ampi-
cillin, or vancomycin for penicillin allergic, as 
well as an aminoglycoside [1]. Patients with VA 
shunts would be particularly vulnerable to seed-
ing of their shunt in the case of bacteremia. 
Therefore, some experts contend that antibiotics 
should only be given to patients with VA shunts 
as the risk of seeding a VP shunt with bacteremia 
is much lower during vaginal delivery [16]. In the 
literature, there has been just one patient whose 
VP shunt was contaminated by group B strepto-
coccus after vaginal delivery resulting in delayed 
meningitis 6 months post-partum [22]. In another 
retrospective review of 8 patients with 25 preg-
nancies, none of the 11 vaginal deliveries received 
prophylactic antibiotics and there were no cases 
of shunt infection [4, 11].

Patients undergoing C-section may receive pro-
phylactic antibiotics per the institutions normal 
surgical guidelines [11]. There was a recent case 
report of Corynebacterium infection of a shunt 
after C-section [5]. In this case, the patient with a 
previously placed VP shunt developed fever, con-
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fusion, vomiting, and abdominal pain 10 days after 
C-section. Ventriculomegaly was discovered on 
head CT which prompted VP shunt removal and 
EVD placement. Although her CSF cultures were 
negative for any organisms, culturing the distal tip 
produced gram-positive bacilli identified as 
Corynebacterium xerosis. In a separate report, a 
patient developed late onset meningitis from group 
B streptococcus infection of her VP shunt follow-
ing C-section. This infection was hypothesized to 
have resulted from contamination of the shunt’s 
distal tip during surgery [6]. Accordingly, these 
authors recommended prophylactic antibiotics in 
patients with VP shunts and known group B strep-
tococcus colonization undergoing C-section.

 Post-Partum Management

Concern for shunt malfunction and failure should 
not be limited to the pregnancy period. There 
have been a number of cases of post-partum 
shunt malfunction and failure requiring shunt 
revision up to 6 months and 1 year from delivery. 
Wisoff et  al. reported 4 of 17 shunts requiring 
revision within 1 year post-partum [10]. Liakos 
reported 13 patients who developed shunt mal-
function with transient symptoms and 23 shunt 
failures within 7  months post-partum; 15 of 
which clustered in 5 patients [2]. The reasoning 
for this is not clear but could be due to continued 
salt and water retention, cerebral edema, or disor-
dered cerebral autoregulation that can persist 
after pregnancy [23]. Regardless of the mecha-
nism, clinicians should have an elevated index of 
suspicion for shunt malfunction or failure in 
patients who are recently post-partum presenting 
with symptoms of possibly elevated ICP.

 Conclusion

In conclusion, pregnancy is not contraindicated 
in women with shunted hydrocephalus. The use 
of multidisciplinary teams with obstetricians, 
neurosurgeons, neurologists, anesthesiologists, 
and other care providers is beneficial for patient 
outcome in pregnant women with shunted hydro-

cephalus [4]. More than half of these patients will 
experience headaches and symptoms of elevated 
ICPs and about 25–50% required shunt revision 
during pregnancy. To assess the need for revision, 
it is crucial to have baseline imaging for compari-
son. It remains unclear as to why there is an 
increased risk of shunt malfunction and failure 
during pregnancy and which type of shunt to use 
when revision is necessary during pregnancy. 
Vaginal delivery is preferred in asymptomatic 
patients, especially those with VP shunt to avoid 
damage, infection, or adhesions around the distal 
catheter secondary to C-section. The use of anti-
biotics and type of anesthesia are also controver-
sial and depend on patient factors as well as the 
comfort of the treating physicians. These patients 
continue to be at increased risk of shunt failure in 
the post-partum period, up to 1 year from deliv-
ery, so close monitoring and increased index of 
suspicion are necessary when caring for a post- 
partum mother with a shunt.

References

1. Gast MJ, Grubb RL Jr, Strickler RC. Maternal hydro-
cephalus and pregnancy. Obstet Gynecol. 1983;62(3 
Suppl):29s–31s.

2. Liakos AM, Bradley NK, Magram G, Muszynski 
C.  Hydrocephalus and the reproductive health of 
women: the medical implications of maternal shunt 
dependency in 70 women and 138 pregnancies. 
Neurol Res. 2000;22(1):69–88.

3. Cohen-Gadol AA, Friedman JA, Friedman JD, Tubbs 
RS, Munis JR, Meyer FB.  Neurosurgical manage-
ment of intracranial lesions in the pregnant patient: 
a 36-year institutional experience and review of the 
literature. J Neurosurg. 2009;111(6):1150–7.

4. Häussler B, Laimer E, Hager J, Putz G, Marth C, 
Haeussler R.  Pregnancy, delivery and postpartum 
care of women with ventriculo-peritoneal shunted 
hydrocephalus: a case series. Int J Gynecol Obstet. 
2010;12:12.

5. Hocaoglu M, Turgut A, Eminoglu EM, Yilmaz 
Karadag F, Karateke A.  Maternal ventriculoperito-
neal shunt infection due to Corynebacterium xero-
sis following caesarean section. J Obstet Gynaecol. 
2019;39(3):400–2.

6. Kane JM, Jackson K, Conway JH. Maternal postpar-
tum group B beta-hemolytic streptococcus ventricu-
loperitoneal shunt infection. Arch Gynecol Obstet. 
2004;269(2):139–41.

7. Schiza S, Stamatakis E, Panagopoulou A, Valsamidis 
D. Management of pregnancy and delivery of a patient 

36 Hydrocephalus and Pregnancy



536

with malfunctioning ventriculoperitoneal shunt. J 
Obstet Gynaecol. 2012;32(1):6–9.

8. Sasagawa Y, Sasaki T, Fuji T, Akai T, Iizuka 
H.  Ventriculoperitoneal shunt malfunction due 
to pregnancy. No Shinkei Geka. 2006;34(2): 
181–7.

9. Brkic M, Dermit K, Galic T, Orlovic M, Krznaric 
Lovosevic AM, Plesa I, Blagaic V.  Managing 
pregnancy in women with ventriculoperitoneal 
shunt: a review of the literature. Biomed Surg. 
2017;1(3):141–3.

10. Wisoff JH, Kratzert KJ, Handwerker SM, Young BK, 
Epstein F.  Pregnancy in patients with cerebrospinal 
fluid shunts: report of a series and review of the litera-
ture. Neurosurgery. 1991;29(6):827–31.

11. Landwehr JB Jr, Isada NB, Pryde PG, Johnson 
MP, Evans MI, Canady AI.  Maternal neurosurgi-
cal shunts and pregnancy outcome. Obstet Gynecol. 
1994;83(1):134–7.

12. Bradley NK, Liakos AM, McAllister JP 2nd, Magram 
G, Kinsman S, Bradley MK. Maternal shunt depen-
dency: implications for obstetric care, neurosurgical 
management, and pregnancy outcomes and a review 
of selected literature. Neurosurgery. 1998;43(3):448–
60; discussion 460–441.

13. Olatunbosun OA, Akande EO, Adeoye 
CO. Ventriculoperitoneal shunt and pregnancy. Int J 
Gynaecol Obstet. 1992;37(4):271–4.

14. Finfer SR.  Management of labour and delivery in 
patients with intracranial neoplasms. Br J Anaesth. 
1991;67(6):784–7.

15. Riffaud L, Ferre JC, Carsin-Nicol B, Morandi 
X.  Endoscopic third ventriculostomy for the treat-

ment of obstructive hydrocephalus during pregnancy. 
Obstet Gynecol. 2006;108(3 Pt 2):801–4.

16. Cusimano MD, Meffe FM, Gentili F, Sermer 
M. Management of pregnant women with cerebrospi-
nal fluid shunts. Pediatr Neurosurg. 1991;17(1):10–3.

17. Okagaki A, Kanzaki H, Moritake K, Mori T.  Case 
report: pregnant woman with a ventriculoperitoneal 
shunt to treat hydrocephalus. Asia Oceania J Obstet 
Gynaecol. 1990;16(2):111–3.

18. Hung AL, Vivas-Buitrago T, Adam A, et  al. 
Ventriculoatrial versus ventriculoperitoneal shunt 
complications in idiopathic normal pressure hydro-
cephalus. Clin Neurol Neurosurg. 2017;157:1–6.

19. Rymarczuk GN, Keating RF, Coughlin DJ, 
et  al. A comparison of Ventriculoperitoneal and 
Ventriculoatrial shunts in a population of 544 con-
secutive pediatric patients. Neurosurgery. 2019;87:80.

20. Littleford JA, Brockhurst NJ, Bernstein EP, 
Georgoussis SE. Obstetrical anesthesia for a parturi-
ent with a ventriculoperitoneal shunt and third ven-
triculostomy. Can J Anaesth. 1999;46(11):1057–63.

21. Kaul B, Vallejo MC, Ramanathan S, Mandell GL, 
Krohner RG. Accidental spinal analgesia in the pres-
ence of a lumboperitoneal shunt in an obese partu-
rient receiving enoxaparin therapy. Anesth Analg. 
2002;95(2):441–3; table of contents.

22. Fox BC.  Delayed-onset postpartum meningi-
tis due to group B streptococcus. Clin Infect Dis. 
1994;19(2):350.

23. Janzarik WG, Jacob J, Katagis E, et al. Preeclampsia 
postpartum: impairment of cerebral autoregulation 
and reversible cerebral hyperperfusion. Pregnancy 
Hypertens. 2019;17:121–6.

K. G. Holste and K. M. Muraszko



537

37Management of Pseudotumor 
Cerebri in Pregnancy

Stephen A. Johnson

 Introduction

Pseudotumor cerebri, also known as idiopathic 
intracranial hypertension (IIH) is a disease char-
acterized by increased intracranial pressure (ICP) 
with unknown etiology. Symptoms often mimic a 
mass lesion, or tumor, which led to the term pseu-
dotumor. IIH has a female to male predominance 
of 8:1 [1]. Obese women carry a 20x greater risk 
of the disease than the general population [1, 2]. 
IIH occurs primarily in women of childbearing 
age and is subsequently of particular importance 
from an obstetric perspective. Weight gain and 
exogenous estrogen in pregnancy are thought to 
worsen IIH symptoms [1, 2], with one study not-
ing worsening symptoms in 9 of 11 IIH pregnan-
cies [3]. However, IIH occurs in pregnancy at the 
same rate as the general population; the perceived 
association of pregnancy with IIH is a reflection 
that IIH affects women of childbearing age [4].

 Presentation

Headache is the most common presenting symp-
tom in IIH.  Headaches are usually diffuse or 
retro-orbital. Pulsatile tinnitus and emesis are 
also common. Subjective and transient blurry 

vision, objective visual field defects, papill-
edema, decreased visual acuity, and even blind-
ness may occur with advanced disease. Diplopia 
may occur secondary to abducens nerve palsy. 
Aside from vision and diplopia, there should be 
no other neurological deficits.

 Radiology

Magnetic resonance imaging (MRI) and com-
puted tomography (CT) of the brain are negative 
for mass lesion, sinus thrombosis, or ischemia. 
Ventricular size is normal.

 Diagnosis

IIH is a diagnosis of exclusion, delineated by the 
modified Dandy criteria:

 1. Signs and symptoms of increased ICP.
 2. No other focal neurological deficits with the 

exception of vision loss or abducens nerve 
palsy.

 3. Cerebral spinal fluid (CSF) opening pres-
sure > 25 cm H2O with normal composition.

 4. No evidence of hydrocephalus, mass lesion, 
or sinus thrombosis on imaging.

 5. No other identifiable cause of increased ICP.S. A. Johnson (*) 
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Papilledema, while not a part of the Dandy 
criteria, is also present in the vast majority of IIH 
patients [4].

 Evaluation and Surveillance

Pregnant women with known IIH should be 
counseled to report any subjective visual changes 
and should be formally monitored for 
 papilledema, changes in visual acuity and visual 
fields in each trimester. Since the majority of IIH 
patients already have documented papilledema, it 
is important to note changes from baseline. 
Weight gain during pregnancy should be limited 
to what is healthy and expected for pregnancy in 
coordination with an obstetrician, as it has been 
suggested that excessive weight gain may lead to 
poor symptomatic control during pregnancy [1, 
5]. Patients taking any medications for IIH that 
are higher risk than category A, such as acetazol-
amide, should consider a trial off the medication 
while planning for pregnancy. This will help both 
patient and physician to anticipate the evolution 
and subsequent management of their symptoms 
in advance.

Imaging strategies are the principal difference 
in the evaluation of pregnant versus non-pregnant 
IIH patients. In pregnant patients, MRI/MRV 
should be obtained to rule out mass lesion, 
venous sinus thrombosis, and hydrocephalus. 
Contrast dye and CT head should be avoided in 
the pregnant patient.

Pregnant patients with existing shunts and 
suspected shunt failure may be tapped and inter-
rogated safely. Increased opening pressure sug-
gests distal shunt malfunction, while failure of 
spontaneous CSF flow is concerning for ventricu-
lar catheter obstruction. Shunt series X-rays and 
shuntogram with radiotracer should be avoided.

 Management

The primary treatment goal is vision preservation 
and palliation of symptoms, chiefly headache. 
Expectant management is appropriate in patients 

with controlled symptoms and stable vision. 
However, several options are available for 
patients with intractable headaches and/or visual 
changes.

 Acetazolamide

Acetazolamide, trade name Diamox, is the main-
stay of medical management for IIH. 
Acetazolamide is a carbonic anhydrase inhibitor; 
it is a clinical diuretic that reduces blood volume, 
decreases CSF production, and subsequently 
reduces edema and ICP. It is an FDA category C 
agent; teratogenicity (limb defects) has been 
noted in animal studies with 10x normal human 
doses [6]. There is no clinical evidence to sub-
stantiate this in humans. However, acetazolamide 
is avoided when possible, especially in the first 
trimester. Occasionally, the benefit of acetazol-
amide may outweigh the risks of withholding it, 
especially in the case of severe, intractable head-
aches and vision loss after the first trimester. Of 
note, one report of 12 women with refractory IIH 
symptoms treated with acetazolamide showed no 
adverse outcomes or congenital malformations 
[2]. A second, larger study followed 50 women 
who required acetazolamide for IIH before 
13 weeks gestation; they reported similar sponta-
neous abortion risk to the control group with no 
major obstetric complications [6]. The authors 
concluded that while liberal use of acetazolamide 
should be avoided in pregnancy, the medication 
should remain a treatment option when clinically 
indicated.

 Corticosteroids

Corticosteroids are not routine treatment for IIH 
in pregnant or non-pregnant patients. They are 
typically reserved for emergent treatment as a 
temporizing measure with acute, progressive 
vision loss. They are FDA category B due to 
reports of low birth weight and cleft palate [4]. 
However, they may be considered in the urgent 
setting of progressive vision loss.
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 Lumbar Puncture

Lumbar puncture without fluoroscopic guidance 
is a safe procedure in the pregnant patient. It may 
be both diagnostic (opening pressure) and thera-
peutic (CSF drainage). This is the preferred 
method to temporize symptoms in the first tri-
mester in lieu of category C medications.

 Surgery

Surgery is indicated in the setting of progressive 
vision loss despite medical management and 
temporizing lumbar punctures. The two primary 
options are shunting procedures or optic nerve 
sheath fenestrations. Both have demonstrated 
safety and efficacy in pregnant patients; normal 
delivery can be expected post-operatively [7]. 
Neurosurgical coordination with a dedicated 
abdominal surgeon for distal catheter placement 
of ventriculoperitoneal shunts in pregnant 
patients is recommended. Shunting procedures 
may address both vision loss and refractory head-
aches, whereas optic nerve sheath fenestration 
will only preserve vision.

Transverse sinus stenting to reduce ICP via 
increasing venous outflow is an emerging and 
controversial new treatment for IIH. This should 
be avoided in pregnant patients due to the radia-
tion exposure with fluoroscopy.

 Labor Planning

IIH is not a contraindication to vaginal delivery 
[1, 2, 4]. The uterine contractions, prolonged 
Valsalva maneuvers, and fluid shifts of vaginal 
delivery have not been shown to complicate 
obstetric or visual outcomes in IIH patients [2]. 
However, peripartum anesthetic management 
remains controversial. A literature review by 
Karmaniolou et al. noted the safety and efficacy 
of both spinal and epidural anesthesia in peripar-
tum IIH patients with no reports of uncal hernia-
tion [8]. Others prefer epidural anesthesia to 
minimize any potential effect on CSF dynamics 

and pressure [2]. For cesarean deliveries, regional 
anesthesia (spinal or epidural) has been encour-
aged over general anesthesia, which can be asso-
ciated with transient spikes in intracranial 
pressure [2].

 Summary

The general consensus is that IIH does not consti-
tute a high-risk pregnancy and is not a contraindi-
cation to vaginal delivery [1, 4, 5]. There is no 
increase in birth defects or complications when 
compared to the general population [2, 4, 9, 10]. 
Additionally, there is no increase in visual defects 
in pregnant versus non-pregnant IIH patients [2, 
4, 9, 11]; reports of severe vision loss in pregnant 
IIH patients are exceedingly rare [12]. Katz et al. 
did note an increase in headache symptoms in 9 
of 11 IIH pregnancies; however, there were no 
obstetric complications [3]. Patients with newly 
diagnosed IIH during pregnancy will often expe-
rience symptomatic relief after delivery [2]. In 
summary, IIHC can be safely managed in preg-
nancy with excellent outcomes provided there is 
vigilant observation, communication, and man-
agement between patient and physician.

References

1. Evans R, Lee AG.  Idiopathic intracranial hyperten-
sion in pregnancy. Headache. 2010;50:1513–5.

2. Bagga R, Jain V, Gupta KR, et al. Choice of therapy 
and mode of delivery in idiopathic intracranial hyper-
tension during pregnancy. MedGenMed. 2005;4:42.

3. Katz VL, Peterson R, Cefalo RC. Pseudotumor cere-
bri and pregnancy. Am J Perinatol. 1989;6:442–5.

4. Kesler A, Kupferminc M.  Idiopathic intracra-
nial hypertension and pregnancy. Clin Obstr Gyn. 
2013;56:389–96.

5. Evans R, Friedman D.  The management of pseu-
dotumor cerebri during pregnancy. Headache. 
2000;40:495–7.

6. Falardeau J, Lobb BM, Golden S, et  al. The use of 
acetazolamide during pregnancy in intracranial hyper-
tension patients. J Neuroophthalmol. 2013;33:9–12.

7. Shapiro S, Yee R, Brown H.  Surgical management 
of pseudotumor cerebri in pregnancy: case report. 
Neurosurgery. 1995;37:829–31.

8. Karmaniolou I, Petropoulos G, Theodoraki 
K.  Management of idiopathic intracranial hyperten-

37 Management of Pseudotumor Cerebri in Pregnancy



540

sion in parturients: anesthetic considerations. Can J 
Anaesth. 2011;58:7.

9. Tang R. Management of idiopathic intracranial hyper-
tension in pregnancy. MedGenMed. 2005;7:40.

10. Bashiri A, Mazor M, Maymon E, et  al. 
Pseudotumor Cerebri during pregnancy. Harefuah. 
1996;131:397–402.

11. Peterson CM, Kelly JV. Pseudotumor cerebri in preg-
nancy: case reports and review of literature. Obstet 
Gynecol Surv. 1985;40:323–9.

12. Zamecki KJ, Frohman LP, Turbin RE. Severe visual 
loss associated with idiopathic intracranial hyperten-
sion in pregnancy. Clin Ophthalmol. 2007;1:99–103.

S. A. Johnson



541

A
Acetaminophen, 327, 400
Acetazolamide, 542
Acetylcholine receptor (AChR-Ab), 349
Acromegaly

meningioma, 513, 514
non-functioning adenomas, 512, 513
pituitary vascular disorders, 514, 515
thyroid stimulating hormone (TSH)-secreting 

pituitary adenomas, 512
Acute exanthematous illness (AEI), 338
Acute inflammatory demyelinating polyneuropathy 

(AIDP), 337
Acute ischemic stroke, 282, 284
Acute meningitis, 306, 309
Acute peripheral nerve injuries, 357, 360
Acute renal failure, 341
Acute reperfusion, 138
Advanced cerebral monitoring techniques, 298
Adverse fetal outcomes, 266
Adverse pregnancy outcome, 321
Agent selection, 299
Aggressive fluid resuscitation, 321
Agitation, 288
Albumin, 341
Alemtuzumab, 332
Allergic skin reactions, 264
Alpha-2-delta calcium ligands, 424
Altered mental status (AMS)

agitation and delirium, 288
causes of coma and, 282
diagnostic process, 281, 282, 284, 285
electroencephalography (EEG), 289
history, 277
initial stabilization

airway management, 279
blood pressure management, 280
imaging, 280, 281
intracranial pressure management, 280

lumbar puncture (LP), 289
physical examination

neurologic examination, 278, 279
vital signs, 277

safety of neuroimaging, 289
American Academy of Neurology (AAN), 10
American Academy of Pediatrics, 410
American College of Chest Physicians (ACCP), 264
American College of Obstetricians and Gynecologists 

(ACOG), 134, 212, 265, 289, 455
American Diabetes Association (ADA), 142, 159
American Society of Anesthesiology (ASA) monitors, 

319
American Society of Clinical Oncology, 502
Amphetamines, 422
Amyotrophic lateral sclerosis (ALS), 367
Analgesia

inhaled anesthesia, 327
intravenous analgesia, 326
labor analgesia, 325
neuraxial anesthesia, 325, 326
non-opioid analgesia, 327
post-operative pain, 327

Anencephaly, 78
Anesthesia consultation, 5
Anesthesiology, 24
Aneurysmal SAH (aSAH), 151
Aneurysms, 167–169
Angiotensin converting enzyme (ACE) inhibitors, 5, 139
Angiotensin II receptor blockers (ARBs), 5
Anterior cerebral artery (ACA), 169
Anticoagulation, 162

antiplatelets, 267–270
Food and Drug Administration Pregnancy and 

lactation labeling, 262, 263
heparin anticoagulants, 263–265
non-heparin anticoagulants, 266, 267
pharmacokinetic changes, 261, 262
tissue plasminogen activator (tPA), 270, 271

Anticonvulsants, 410
Antiemetics, 401
Antiepileptic drugs (AEDs), 298, 401, 482, 500
Antifibrinolytic therapy, 158
Antiganglioside antibodies, 339, 340
Antihistamines, 479
Antihypertensive drugs, 140, 162
Antiplatelets, 267–270

Index

© The Editor(s) (if applicable) and 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

https://doi.org/10.1007/978-3-031-36490-7


542

Antipsychotics, 481
Antithrombotics, 139
Anxiety, 477–479
Argatroban, 266
Armodafinil, 423
Arteriovenous malformation (AVM), 6, 30, 51, 53, 88

counseling and management of, 182–186
diagnostic considerations for, 182
epidemiology, presentation, and natural course of, 

181
pathology and pathogenesis of, 179, 180
pregnancy and sex hormones, 180, 181

Aspirin, 162, 400
Asymptomatic bacteriuria, 528
Atenolol, 139
Audiometric testing, 433
Autoimmune conditions, 288
Autoimmune disorders, 341, 451
Autopsy, 151
Autoreactive antibodies, 341
Azathioprine, 351

B
Bacterial meningitis, 307–310
Bell’s palsy, 366, 447

diagnosis of, 448
etiology of, 447
medical therapy and symptom supportive treatment, 

449
pregnancy, 449–450

Benign paroxysmal positional vertigo, 433
Benzodiazepines (BZDs), 423, 424, 478
Benzyl alcohol, 265
Beta-blockers, 401
Bipolar disorder

prevalence of, 480
special considerations, 480
treatment during pregnancy, 480, 482
treatment recommendation, 482

Bivalirudin, 266
Blood-brain barrier (BBB), 117
Blood pressure, 156, 256, 280
Botulinum toxin, 401
Brain death, 106
Brain-derived neurotropic factor (BDNF), 232
Brain imaging, 136, 340
Brain metastasis, 499
Brainstem maldevelopment, 82
Brain Trauma Foundation, 295, 297, 298
Brain tumors, 13, 14, 27, 28, 105, 106

brain metastasis, 499
diagnostic workup, 494, 495
gliomas, 495, 497
meningiomas, 497
overview and incidence, 493, 494
physiologic changes in, 495
pituitary adenomas, 498
presenting symptoms, 494

treatment, 499–502
vascular tumors, 498
vestibular schwannoma, 497

Breastfeeding, 354, 410
Breathing, 372
Bupropion, 476
Buspirone, 479

C
Calcium channel blockers (CCBs), 255
Campylobacter jejuni, 338
Cardiovascular hemodynamics, 150
Carpal tunnel syndrome (CTS), 363
Cavernous malformations, 7, 30, 31, 187, 188

counseling and management of, 188
diagnostic considerations for, 188
epidemiology, presentation, and natural course of, 

187
pathology and pathogenesis of, 187

Cavum septum pellucidum, 69
Central nervous system (CNS) infection, 306
Cephaloceles, 80, 81
Cerebellar vermis, 71
Cerebellopontine angle (CPA) tumors, 443
Cerebral aneurysms, 51, 53

counseling and management, 171–174
diagnostic considerations, 170, 171
epidemiology, presentation, and natural course, 169, 

170
and subarachnoid hemorrhage, 167–169

Cerebral angiography, 208
Cerebral arteries, 231, 240
Cerebral autoregulation, 121
Cerebral digital subtraction angiography (DSA), 252
Cerebral malaria, 313
Cerebral palsy (CP), 108
Cerebral perfusion pressure (CPP), 121, 256–257, 298
Cerebral vascular malformations

arteriovenous malformation, 179–183, 185, 186
cavernous malformations, 187, 188

Cerebral veins, 204
Cerebral venous sinus thrombosis (CVST), 47, 48, 140, 

141, 152, 161, 284
cerebral angiography, 208
clinical presentation, 205, 206
computed tomography (CT), 206
magnetic resonance imaging (MRI), 207
outcomes and future pregnancy, 209
pathophysiology and anatomy, 203, 204
risk factors for, 205
treatment, 208, 209

Cerebral venous thrombosis (CVT), 8, 397
Cerebrospinal fluid (CSF), 237, 252
Cerebrovascular changes, 120–122
Cerebrovascular disease, 219
Cervical artery dissection, 234
Channelopathies, 437
Charcot-Marie-Tooth (CMT) disease, 367

Index



543

Chiari malformation (CM), 373
anesthesia considerations, 25, 26
delivery considerations, 25

Chiari malformation type 1 (CM)
definition, 519
incidence, 519
postpartum outcomes, 524
preconception counseling, 520
pregnancy management, 520

anesthesia, 522, 523
method of delivery, 520–522

prevalence, 519
syringomyelia, 523

Chiari II malformation, 109
Choroid plexus papillomas (CPP), 91
Chronic inflammatory demyelinating polyneuropathy 

(CIDP), 338
Cladribine, 331
Clopidogrel, 268, 269
CM decompression surgery (CMD), 519–521, 523, 524
Coccidioides, 312
Cochrane study, 342
Cognitive-behavioral therapy (CBT), 474–475
Coma mimics, 288
Combined spinal epidural (CSE), 326
Community acquired bacterial meningitis, 307
Computed tomography (CT), 41, 155, 206, 252
Concomitant infections, 308
Congenital fetal abnormalities, 266
Congenital vascular anomalies, 86–90
Congenital vocal cord paralysis, 373
Conservative versus interventional management, 447
Continuous fetal monitoring, 351
Continuous spinal anesthesia, 522
Contralateral routing of signal (CROS), 435
Conventional fractionated radiation therapy, 445
Cord sign, 206
Coronal ultrasound, 72
Corpus collosum, 66
Corticosteroid Randomization After Significant Head 

Injury (CRASH) trial, 296
Corticosteroids, 499, 542
Corticotrophs, 507
Corticotropin-releasing hormone (CRH), 507
Cortisol, 415
Cranial nerve palsies, 373
Cranio-cervical vessel imaging, 137
C-reactive protein (CRP), 418
Cryptococcus neoformans, 311
Cushing’s disease, 509–511
Cyclosporine, 351
Cytomegalovirus (CMV), 311, 338

D
Danger-associated molecular patterns (DAMPs), 215
Decreased fetal movement, 352
Deep vein thrombosis (DVT), 267
Defensive medicine, 101

Delirium, 288
Delivery options, in pregnancy

anesthesiology, 24
arteriovenous malformation (AVM), 30
brain tumor, 27, 28
cavernous malformations, 30, 31
Chiari malformation (see Chiari malformation (CM))
complicated by neurosurgical disorders, 23, 24
Guillain-Barre syndrome, 27
idiopathic intracranial hypertension (IIH), 32
intracranial aneurysm, 29
ischemic and hemorrhagic stroke, 28, 29
moyamoya, 31, 32
seizure disorder/epilepsy, 28
spinal cord injury (see Spinal cord injury (SCI))
ventriculoperitoneal shunt, 32

Depressive disorders
major depressive disorder (MDD), 473, 474
postpartum blues, 477
special considerations, to pregnancy, 474
treatment

during pregnancy, 474–477
recommendation, 477

Dexmedetomidine, 289
Diagnostic cerebral angiography, 156
Diffusion weighted imaging, 58
Digital subtraction angiography (DSA), 171
Dimethyl fumarate, 331
Direct acting oral anticoagulants (DOACs), 267
Dix-Hallpike maneuver, 433, 434
Dizziness, 52
Dopaminergic agonists, 424

E
Eclampsia, 50, 150, 153, 397
Electrocochleography (ECoG), 433
Electroencephalography (EEG), 289
Embolic stroke, 136
Endocrinopathies, 287
Endolymphatic hydrops, 432
Endolymphatic sac decompression, 435
Endoscopic third ventriculostomy (ETV), 536–537
Endovascular coiling, 160, 173
Endovascular embolization, 184
Endovascular intervention, 323
Endovascular treatment, 257, 323
Enoxaparin, 264
Entrapment neuropathies, 360
Enzyme-inducing AEDs (EIAEDs), 408
Epidural anesthesia, 321, 325
Epilepsy, 103, 104
Epstein-Barr virus (EBV), 338
Erasmus GBS Respiratory Insufficiency Score (EGRIS), 

345
Erb’s palsy, 372
Ergotamine, 401
Ergot-derived dopaminergic agents, 424
European Network of Teratology Services (ENTIS), 266

Index



544

European Society of Cardiology, 269
Eustachian tube dysfunction

impaired protective function, 453
mucociliary clearance, 453
pregnancy, 454–455
pressure dysregulation, 453
treatment of, 454

F
Fatigue Severity Scale (FSS), 344
Fetal growth restriction (FGR), 421
Fetal heart rate (FHR) monitoring, 320
Fetal ultrasound, 78, 79
Fetal ventriculomegaly, 85
Fingolimod, 331
Focal hemorrhage, 53
Fondaparinux, 266
Food and Drug Administration, 262
Fungal infections

Coccidioides, 312
Cryptococcus neoformans, 311
Histoplasma capsulatum, 312

G
Gabapentin, 478
Gadolinium contrast, 252
Gamma Knife radiosurgery, 445
Gastroesophageal reflux (GER), 415
Gastroesophageal reflux disorder (GERD), 454
General endotracheal anesthesia, 353
Genetic counseling, 11
Gentamicin, 435
Gestational diabetes mellitus (GDM), 416
Gestational hypertension, 446
Gestation-induced changes, 150
Glioblastoma multiforme (GBM), 105, 495
Gliomas, 495, 497
Glucose, 142, 159
Guillain-Barré syndrome (GBS), 27, 366

diagnosis, 339, 340
immunomodulation, 341, 342
management, 341, 343
monitoring and supportive measures, 342, 343
neuropathic pain, fatigue and depression, 343, 344
occurrence of, 338
phenotype, pathophysiology, and neurophysiological 

features, 337
prediction model and prognosis, 345
risk factors, 338, 339

H
Headache, 46, 104, 105

behavioral therapy, 400
cerebral venous thrombosis, 397
idiopathic intracranial hypertension (IIH), 398
imaging choice, 398, 399
migraine, 395

nerve blocks, 399
nonpharmacological treatment, 399
pharmacological treatment, 400–402
pituitary apoplexy, 398
posterior reversible encephalopathy syndrome 

(PRES), 397
pre-eclampsia and eclampsia, 397
reversible cerebral vasoconstriction syndrome 

(RCVS), 398
subarachnoid hemorrhage, 397
tension type headache (TTH), 396
trigeminal-autonomic cephalalgias (TAC), 396

Hearing loss
acoustic neuroma (vestibular schwannoma), 451
autoimmune disorders, 451
cardiovascular and hematologic changes, 451
hormonal changes, 451

Hemolysis/elevated liver enzymes/low platelet count 
syndrome (HELLP) syndrome, 214, 452

Hematoma expansion, 156
Hemorrhagic stroke, 28, 29

diagnosis, 155, 156
etiology, 151–155
management, 156–159, 161, 162
pathophysiology, 149, 150
prognosis, 162
risk factors, 151

Heparin anticoagulants, 263–265
Heparin-induced thrombocytopenia (HIT), 263
Hepatic enzyme induction (EI), 408
Hereditary brachial plexus neuropathy (HBPN), 364
Hereditary neuropathy with liability to pressure palsies 

(HNPP), 367
Herpes simplex virus (HSV), 310
High-dose intravenous immune globulin (IVIG), 12
Histoplasma capsulatum, 312
Holoprosencephaly (HPE), 67, 68
Hormonal changes, 322, 437
Hormonal influence, 443
House-Brackmann Facial Nerve Grading Scale (H-B), 

449
Humoral immunity, 339
Hydranencephaly, 64
Hydrocephalus

delivery management
anesthesia, 537, 538
antibiotics, 538, 539
mode of delivery, 537

post-partum management, 539
preconception management, 534–535
pregnancy management

endoscopic third ventriculostomy, 536, 537
method of revision, 536
symptoms, 535, 536

Hydrostatic pressure, 180
Hyperbaric oxygen therapy (HBOT), 452
Hyperglycemic coma, 286
Hyperosmolality, 287
Hyperosmolar therapy, 295
Hypertension, 50, 139

Index



545

Hypertensive disorders, 141, 152, 162
Hypoalbuminemia, 262
Hypoglycemia, 286
Hypoperfusion, 250
Hyposexuality, 407
Hypotension, 320
Hypoxia inducible factors-1 & 2 (HIF-1 & 2), 418
Hypoxic-ischemic encephalopathy (HIE),  

107, 108

I
Idiopathic intracranial hypertension (IIH), 32, 47, 398, 

537
Idiopathic lumbosacral plexopathy, 357
Immunoglobulin, 341
Immunomodulation, 341, 342
Immunosuppression, 449
Infection, 287
Informed consent, 101–103
Inhaled anesthesia, 327
Interhemispheric fissure, 67
Interleukin-6, 418
Interleukin-8, 418
Internal carotid artery (ICA), 169
Internal carotid artery disease (ICAD), 252
International GBS Outcome study (IGOS), 342
International Society for the Study of Hypertension in 

Pregnancy (ISSHP), 134, 212
International Society on Thrombosis and Hemostasis 

(ISTH), 267
International Study of Unruptured Intracranial Aneurysm 

(ISUIA), 172
International Subarachnoid Aneurysm Trial (ISAT), 174
Interpersonal psychotherapy, 475
Intoxications, 287
Intracerebral hemorrhage, 238
Intracranial aneurysm, 6, 7, 29, 173
Intracranial hemorrhage, 284
Intracranial pressure (ICP) management, 141, 142, 158, 

298
Intracranial tumors, 321, 322
Intravenous analgesia, 326
Intravenous immunoglobulin (IVIg), 338
Ipsilateral brachial plexus, 371
Isaac’s syndrome, 367
Ischemic stroke, 28, 29

acute reperfusion, 138
brain imaging, 136
cerebral venous sinus thrombosis, 140, 141
etiology, 133, 134
hyperlipidemia, 139
hypertensive disorders, 141
intracranial pressure (ICP) management, 141, 142
magnetic resonance imaging (MRI), 137
mechanical thrombectomy, 138
pathophysiology, 131, 132
prognosis, 142
risk factors, 132
secondary prevention of, 138, 142, 143

K
Ketamine, 327
Kyphoscoliosis, 528–531

L
Labor analgesia, 325
Laboratory evaluation, 137
Laboratory testing, 156
Lateral femoral cutaneous nerve (LFCN), 364
Left cerebral hemisphere, 61
Left temporal lobe, 49
Levodopa/carbidopa combination therapy, 424
Listeria monocytogenes, 307
Lithium, 481, 482
Long-acting beta-blockers, 5
Low-and middle-income countries (LMICs), 214
Low back pain and sciatica

anterior spinal surgery, 379
conservative therapy, 386, 387
diagnosis, 379–382
epidemiology, 377, 378
nonspinal neuropathic pain, 379
pathogenesis, 382, 384, 385
prior diskectomy, 379
role of scoliosis, 378
surgery, 387–389

Lumbar puncture (LP), 155–156, 289, 308

M
Magnesium, 12
Magnesium sulfate, 287, 352
Magnetic resonance (MR) angiographic studies, 252
Magnetic resonance imaging (MRI), 43–46, 137, 155, 

207, 374
Major depressive disorder (MDD), 473, 474
Manic episodes, 479
Maternal resuscitation, 321
Mean arterial pressure (MAP), 118
Measles, 311
Mechanical thrombectomy, 138
Medications, 475
Melatonin, 415
Menière disease/endolymphatic hydrops, 434, 436

clinical presentation of, 433
diagnosis, 433
pathogenesis of, 432
pregnancy, 435, 436

Meningioma, 284, 497, 513, 514
Meningitis

bacterial meningitis, 307, 309, 310
definition, 306
non-bacterial meningitis/encephalitis, 310–314
therapy for viral causes of, 311

Meningococcal vaccines, 310
Methylamphetamine, 422
Methylphenidate, 422
Microsurgical resection, 184
Migraine, 254, 395, 436, 437

Index



546

Modafinil, 422
Modest short-term hyperventilation, 321
Moebius syndrome, 374
Monitoring recommendations, 265
Monoamine oxidase (MAO), 422
Monochorionic monoamniotic twin, 70
Monosodium glutamate (MSG), 437
Moyamoya disease (MMD), 31, 32, 194, 198

during pregnancy, 196
treated MMD patients, 195, 196
untreated MMD patients, 194, 195

MR venography (MRV), 49
Mucociliary clearance, 453
Multifocal motor neuropathy (MMN), 367
Multiple disease-modifying treatments (DMTs), 330
Multiple sclerosis (MS), 14, 15, 58, 104

alemtuzumab, 332
breastfeeding effect, 333
in children, 334
cladribine, 331
contraception in, 330
dimethyl fumarate, 331
fingolimod, 331
Interferon beta-based drugs and Glatiramer Acetate, 

331
medications, 330, 333
natalizumab, 331
ocrelizumab, 332
pregnancy rates in, 330, 332
pregnancy-related complications in, 332
reproductive technology in, 330
of steroid treatment, 333
teriflunomide, 331

Muscle specific tyrosine kinase (MuSK), 349
Myasthenia gravis, 11, 12, 341

clinical background, 349, 350
considerations in pregnancy, 352
disease management, 350–352
fetal assessment, 352
labor and delivery, 352, 353
neonatal concerns, 353
postpartum management, 354
preconception care in, 350

Myelomeningocele (MMC), 109, 527–532

N
Nadroparin, 263
Narcolepsy, 421, 422
Nasopharyngoscopy, 454
Natalizumab, 331
National Institute of Health summary, 354
Neisseria meningitidis infection, 307, 308
Neonatal phrenic nerve palsy, 373, 375
Neoplasms, 53, 54
Nerve blocks, 399
Nerve conduction studies (NCS), 337
Nerve reconstruction, 375
Neural tube defects (NTDs), 527, 531
Neuraxial anesthesia, 326, 327, 522

Neuraxial techniques, 325, 326
Neuro-anesthesia

intracranial tumors, 321, 322
trauma and traumatic brain injury, 321
vascular lesions, 322, 323

Neurodevelopmental Effects of Antiepileptic Drugs 
(NEAD) study, 11

Neurofibromatosis type 2, 443
Neuroimaging, 289

cerebral aneurysm, subarachnoid hemorrhage, and 
AVM, 51, 53

cerebral venous sinus thrombosis (CVST), 47, 48
computed tomography (CT), 41
headache, 46
idiopathic intracranial hypertension (IIH), 47
magnetic resonance imaging (MRI), 43–46
neoplasms, 53, 54
noninflammatory and inflammatory demyelination, 

54, 56, 57
pre-natal neuroimaging

abnormalities of corpus collosum, 65
cavum septum pellucidum, 65, 66
Chiari spectrum of deformities, 84
congenital intracranial tumors, 90
congenital vascular anomalies, 86–90
cortical development and migrational anomalies, 

60, 61, 63
craniofacial malformations, 90
holoprosencephaly (HPE), 67, 68
notochord induction and formation, 81, 83
posterior fossa anomalies, 69–71
post-ischemic spectrum of parenchymal injury, 

63, 64
post-neurulation errors and cephaloceles, 80, 81
sacrococcygeal teratomas (SCT), 92, 93
spinal dysraphisms, anencephaly, and neurulation, 

75–80
TORCH spectrum of infections, 71, 74, 75
twin-twin transfusion, 75
ventriculomegaly, 59, 60

reversible cerebral vasoconstriction syndrome 
(RCVS), 50, 51

reversible posterior leukoencephalopathy (PRES), 48, 
49

ultrasound, 39–41
Neurological disorders

brain tumors, 13, 14
epilepsy and seizure disorders, 9, 11
headaches (migraines), 8, 9
hydrocephalus with ventriculoperitoneal (VP) shunt, 

5
multiple sclerosis (MS), 14, 15
myasthenia gravis, 11, 12
pre-conception planning, 3, 4
pregnancy

brain death, 106
cerebral palsy (CP), 108
hypoxic-ischemic encephalopathy (HIE), 107, 

108
medical aspects, 102, 103

Index



547

medicolegal and ethical issues, 103–106
spina bifida (SB), 108, 109

spinal cord injury (SCI), 4
vascular disorders, 5–8

Neurosurgical intervention, 501
Neurosyphilis, 314
Neurotrauma, 288
Non-bacterial meningitis/encephalitis, 310–314
Non-convulsive status epilepticus (NCSE), 287
Non-ergot dopaminergic agents, 424
Non-functioning adenomas, 512, 513
Noninflammatory and inflammatory demyelination, 54, 

56, 57
Non-opioid analgesia, 327
Non-rapid-eye-movement (NREM) sleep, 421
Nonspinal neuropathic pain, 379
Nonsteroidal anti-inflammatory drugs (NSAIDs), 8, 343, 

400
Normal vascular anatomy, 180

O
Obstetrics, 101, 502
Obstructive sleep apnea (OSA), 416
Obturator neuropathy, 366
Ocrelizumab, 332
Open spinal dysraphism, 85
Ophthalmologic evaluation, 48
Opiates, 401
Opioids, 343, 353
Optimal treatment strategy, 446
Oral acetylcholinesterase inhibitors, 351
Otosclerosis, 440, 441

diagnosis, 441
pathophysiology, 441
pregnancy, 442, 443
treatment, 442

P
Pain and headache treatment, 256
Parsonage-Turner syndrome (PTS), 357, 363
Patient’s gestational age, 62
Perinatal depression, 420
Peripartum cardiomyopathy (PPCM), 136, 141
Peripheral nerve disorders

diagnosis, 372–374
nonoperative management, 374
operative management, 374, 375
patient evaluation, 372

Peripheral neuropathy, 223
acute peripheral nerve injuries, 360
carpal tunnel syndrome (CTS), 363
diagnostic ultrasound (US), 359
electrodiagnostic evaluation, 359
entrapment neuropathies, 360
femoral nerve, 365
hereditary brachial plexus neuropathy (HBPN), 364
idiopathic lumbosacral plexopathy, 364
lateral femoral cutaneous nerve (LFCN), 364

magnetic resonance imaging (MRI) and MR 
neurography (MRN), 360

management principles, 362, 363
Parsonage-Turner syndrome (PTS), 363
physical examination, 358
radial neuropathy, 363
radiculopathy, 361
systemic/inflammatory neuropathies, 361
traumatic lumbosacral plexopathy, 364

Periventricular cysts, 73
Periventricular leukomalacia (PVL), 64
Peroneal neuropathy, 365
Phenytoin, 352
Physiological changes, 150, 199
Pituitary adenomas, 13, 14, 498
Pituitary apoplexy, 398
Pituitary region tumors

Cushing’s disease, 509, 510
functioning pituitary tumor, 508, 509

Placental growth factor (PGF), 418, 495
Placental ischemia model, 124
Plasmapheresis, 351
Plasmodium falciparum, 313
Point of care (POC) fingerstick glucose test, 280
Pontine hypoplasia, 72
Posterior cerebral arteries (PCA), 125
Posterior communicating artery (PCOM) junction, 169
Posterior fossa anomalies, 69–71
Posterior reversible encephalopathy syndrome (PRES), 

126, 155, 221, 232, 281, 397
Post-neurulation errors, 80, 81
Postpartum angiopathy, 134, 135, 154, 256
Postpartum blues, 477
Post-partum cerebral angiopathy

clinical findings, 251
definition, 249
epidemiology, 251
laboratory investigations, 251
pathophysiology, 250
radiographic evaluation, 252

Post-partum hemorrhage (PPH), 265
Postpartum weight retention, 420
Prasugrel, 270
Preeclampsia-eclampsia (PEE), 150, 153, 211, 285, 286, 

397
definition, 211, 212
encephalopathy, 222
epidemiology, 214
headaches, 218, 219
hemorrhagic stroke, 219, 220
long-term maternal neurological sequela, 224
maternal nervous system, 216
neurological complications, 223, 224
neuro-obstetrics team, 225
pathophysiology, 215
peripheral neuropathy, 223
posterior reversible encephalopathy syndrome, 221, 222
reversible cerebral vasoconstriction syndrome, 222
seizures, 217, 218
sleep dysfunction, 223

Index



548

Pregnancy, 117, 140, 231, 243
cardiovascular changes

blood pressure, 118
cardiac output, 119, 120
cardiac remodeling, 120
systemic vascular resistance, 118
total blood volume, 119

cerebrovascular changes, 120–124
changes in seizure rate, 408
maternal mortality in WWE, 408, 409
peri-and-postpartum period vitamin K, 410
placental ischemia model, 124
posterior reversible encephalopathy syndrome, 126
teratogenicity of anticonvulsants, 409

Pregnancy and Lactation Labeling Final Rule (PLLR), 
262

Prenatal genetic counseling, 13
Prenatal sonography, 68
Pressure dysregulation, 453
Primary angiitis of the central nervous system (PACNS), 

254
Prodromal viral infection, 338
Pro-inflammatory markers, 418
Prolactinomas, 284, 510
Proliferator-activated receptor gamma (PPARγ), 123
Prophylactic hypothermia, 295
Prophylactic therapy, 439
Proton beam therapy, 445
Pseudotumor cerebri

acetazolamide, 542
corticosteroids, 542
diagnosis, 541
evaluation and surveillance, 542
labor planning, 543
lumbar puncture, 543
management, 542
presentation, 541
radiology, 541
surgery, 543

Psychogenic non-epileptic seizures (PNES), 104
Psychotic disorders, 482, 483
Pulmonary embolism (PE), 267, 297
Pyridostigmine, 349, 352

Q
Quadriparesis, 288

R
Racial disparities, 444
Radiation therapy, 445
Radiculopathy, 361
Radiosurgical obliteration, 184
Randomized controlled trials (RCTs), 341
Reactive oxygen species (ROS), 417
Refractory vasoconstriction, 257
Re-innervation procedures, 375
Remifentanil, 327
Renal and hepatic impairment, 287

Renal insufficiency, 154
Renin-angiotensin-aldosterone system (RAAS), 119
Renin direct renin inhibitors, 139
Restless leg syndrome (RLS), 419, 423
Reticular activating system (RAS), 281
Reversible cerebral vasoconstriction syndrome (RCVS), 

50, 51, 154, 222, 249, 286, 398
Reversible posterior leukoencephalopathy syndrome 

(RPLS), 48, 49, 126
Reversible vasoconstriction syndrome (RCVS), 231

angiography, 239, 240
cerebral edema, 239
clinical features, 235
epidemiology, 231, 232
intracerebral hemorrhage, 238
ischemic stroke, 238
laboratory investigations, 237
pathophysiology, 232
prognosis/sequela, 243
risk factors, 233–235
subarachnoid hemorrhage, 237, 238
transcranial doppler, 241
treatment, 241, 242

Reversing coagulopathy, 157, 158
Right cerebellar edema, 55
Right cerebellar maldevelopment, 81
Right cerebral hemisphere, 61
Rituximab, 342, 351
Routine monitoring, 265
Ruptured aneurysm, 160

S
Sacrococcygeal teratomas (SCT), 92, 93
Secondary brain injury, 158
Sedatives, 353
Seizures, 103, 104, 159, 287, 298
Selective serotonin reuptake inhibitors (SSRIs), 423, 

475, 478
Septum pellucidum, 67
Serologic testing, 349
Serotonin and norepinephrine reuptake inhibitors 

(SNRIs), 476
Severe endocrine dysfunction, 287
Severe hyponatremia, 286
Sleep deprivation, 420
Sleep disorders

changes in melatonin, 415
consequences of, 420, 421
growing fetus, 415
hormonal changes, 415
non-pharmacological and pharmacological 

management, 418, 421–425
objective data, 414
peripartum mood disorders-depression and anxiety, 

420
postpartum weight retention, 420
restless leg syndrome

gestational diabetes, 419
and hypertensive disorders, 420

Index



549

and insomnia, 419
mood disorders with, 419

sleep disordered breathing, 416
and GDM, 416, 417
hypertensive disorders of pregnancy (HDP), 417
pre-eclampsia with, 418, 419

subjective data, 413, 414
Slow-wave sleep (SWS), 421
Snoring, 416
Sodium oxybate, 423
Soft tissue, 55
Spina bifida (SB), 108, 109

preconception counseling, 527–528
pregnancy management

anesthetic, 530
comorbidities, 528, 529
mode of delivery, 529, 530
postpartum outcomes and management, 530, 531

Spina bifida occulta (SBO), 527, 529–532
Spinal cord injury (SCI), 4

anesthesia considerations, 27
delivery considerations, 26, 27

Spontaneous abortions, 267
Stanford University Medical Center, 199
Stapedectomy, 442
Staphylococcus aureus, 308
Stereotactic radiosurgery (SRS), 445
Steroid-allocated patients, 296
Steroids, 9
Streptococcus agalactiae, 308
Streptococcus pneumoniae, 307
Stroke, 143
Stupp protocol, 500
Subarachnoid hemorrhage (SAH), 51, 53, 152, 167–169, 

322, 397
Subarachnoid pattern, 255
Sudden sensorineural hearing loss, 450–452
Sudden unexpected death in epilepsy (SUDEP), 104
Superficial temporal artery (STA), 198
Superficial venous drainage, 53
Supportive measures, 343
Supratentorial brain parenchyma, 64
Surgical clipping, 173
Surgical reconstruction, 372
Surgical resection, 444
Syringomyelia, 519, 523
Systemic steroids, 322

T
Temperature, 159
Temporal lobe hemorrhage, 49
Tendon transfers, 371
Tension type headache (TTH), 396
Teriflunomide, 331
Third window syndrome (TWS), 455

pathophysiology, 456
pregnancy, 456
treatment, 456

Thrombocytopenia, 154

Thymectomy, 11
Ticagrelor, 269, 270
Tissue plasminogen activator (tPA), 270, 271
Total blood volume (TBV), 119
Transcranial doppler ultrasound (TCD), 241, 253, 281
Transient cranial nerve palsies, 371
Transient neonatal radial nerve palsy, 373
Translabyrinthine approach, 445
Transsphenoidal surgery, 507
Transthoracic echocardiogram (TTE), 137
Transversus abdominis plane (TAP) block, 327
Traumatic brain injury, 372

advanced cerebral monitoring, 298, 299
anesthetics, analgesics, and sedatives, 296
blood pressure, 298
cerebral perfusion pressure (CPP) monitoring, 298, 

299
cerebrospinal fluid drainage, 295
decompressive craniectomy, 295
deep vein thrombosis prophylaxis, 297, 298
fetal status and timing of delivery, 299, 300
guidelines and pregnant patient, 294
hospital resources and transfer of patients, 299
hyperosmolar therapy, 295
imaging considerations, 300
infection prophylaxis, 297
intracranial pressure, 298, 299
mother and fetus caring, 300, 301
nutrition, 297
prophylactic hypothermia, 295
seizure prophylaxis, 298
steroids, 296, 297
ventilation therapies, 296

Traumatic peripheral nerve palsy, 372
Tricyclic antidepressants (TCA), 401, 423
Trigeminal-autonomic cephalalgias (TAC), 396
Trigeminovascular system, 437
Triptans, 401
TSH-secreting pituitary adenoma management, 512
Tuberculum sellae meningioma management, 514
Tumor necrosis factor-alpha (TNF-α), 418
Tumor-treating fields (TTFs), 500
Tympanometry, 441
Type IV collagen alpha 1 chain, 155

U
Ultrasound evaluation, 80
Unfractionated heparin (UFH), 263
United States Nationwide Inpatient Sample database, 416
Unruptured Cerebral Aneurysm Study (UCAS) Japan, 

172
Uridine-diphosphate glucuronosyl transferase, 408

V
Vaccines, 310
Vascular-derived endothelial growth factor (VEGF), 418
Vascular tone, 149
Vascular tumors, 498

Index



550

Vasoactive intestinal peptide (VIP), 415
Vein of Galen malformation, 89
Venous thromboembolism (VTE), 4
Ventilation therapies, 296
Ventriculomegaly, 59, 60, 67
Vertigo, 440
Vestibular migraine, 436, 440

otosclerosis, 441
pathophysiology, 437–440

Vestibular schwannoma/acoustic neuroma, 284, 497
diagnosis of, 444, 446
management, 446, 447

Vestibular symptoms, 438
Viral infections, 310
Visual disturbances, 50
Vitamin K antagonist exposure, 266

W
Warfarin, 266
Willis-Ekbom disease, 419
Women with epilepsy (WWE), 407
World Health Organization (WHO), 313

Index


	Foreword
	Preface
	Acknowledgments
	Contents
	Part I: Obstetric, Anesthetic, and Radiologic Considerations
	1: Pre-conception Planning for Patients with Neurological Disorders
	Introduction
	Pre-conception Planning for All Patients
	Pre-conception Planning for Patients with Specific Neurological Disorders

	Spinal Cord Injury
	History of Hydrocephalus with Ventriculoperitoneal (VP) Shunt
	Vascular Disorders of the Brain
	Stroke
	Arteriovenous Malformation (AVM)
	Intracranial Aneurysm
	Cavernous Malformations (CM)
	Moyamoya
	Cerebral Venous Thrombosis (CVT)

	Headaches (Migraines)
	Epilepsy and Seizure Disorders
	Myasthenia Gravis
	Brain Tumors
	Pituitary Adenomas (Prolactinomas)

	Multiple Sclerosis (MS)
	Conclusion
	References

	2: Mode of Delivery in Pregnant Women with Neurological Disorders
	Introduction
	Mode of Delivery in Pregnancy
	Mode of Delivery in Pregnancy Complicated by Neurosurgical Disorders
	Anesthesiology in Pregnancy Complicated by Neurosurgical Disorders

	Chiari Malformations (CM)
	Delivery Considerations
	Anesthesia Considerations

	Spinal Cord Injury (SCI)
	Delivery Considerations
	Anesthesia Considerations

	Guillain-Barre Syndrome
	Delivery Considerations
	Anesthesia Considerations

	Brain Tumors
	Delivery Considerations
	Anesthesia Considerations

	Seizure Disorder/Epilepsy
	Delivery Considerations
	Anesthesia Considerations

	Cerebrovascular Disease and Malformations of the Brain
	Ischemic and Hemorrhagic Stroke
	Delivery Considerations
	Anesthesia Considerations

	Intracranial Aneurysm
	Delivery Considerations
	Anesthesia Considerations

	Arteriovenous Malformation (AVM)
	Delivery Considerations
	Anesthesia Considerations

	Cavernous Malformations
	Delivery Considerations
	Anesthesia Considerations

	Moyamoya
	Delivery Considerations
	Anesthesia Considerations

	Ventriculoperitoneal Shunt
	Delivery Considerations
	Anesthesia Considerations

	Idiopathic Intracranial Hypertension (IIH)
	Delivery Considerations
	Anesthesia Considerations


	Conclusion
	References

	3: Neuroimaging in the Pregnant Patient
	Section 1: Cross-Sectional Imaging Modalities and Principles of Use
	Ultrasound
	Computed Tomography (CT)
	Magnetic Resonance Imaging (MRI)

	Section 2: Maternal Neuroimaging in Pregnancy
	Headache
	Idiopathic Intracranial Hypertension (IIH)
	Cerebral Venous Sinus Thrombosis (CVST)
	Reversible Posterior Leukoencephalopathy (PRES)
	Reversible Cerebral Vasoconstriction Syndrome (RCVS)
	Cerebral Aneurysm, Subarachnoid Hemorrhage, and AVM
	Neoplasms
	Noninflammatory and Inflammatory Demyelination

	Section 3: Pre-natal Neuroimaging
	Ventriculomegaly
	Malformations of Cortical Development and Migrational Anomalies
	Post-ischemic Spectrum of Parenchymal Injury
	Abnormalities of the Corpus Collosum
	Abnormalities of the Cavum Septum Pellucidum
	Holoprosencephaly
	Posterior Fossa Anomalies
	TORCH Spectrum of Infections
	Twin-Twin Transfusion in Relation to Neurodevelopment
	Spinal Dysraphisms, Anencephaly, and Neurulation
	Post-neurulation Errors and Cephaloceles
	Errors in Notochord Induction and Formation (Caudal Regression Syndrome, Vertebral Anomalies, Diastematomyelia, and Neurenteric Cysts)
	Chiari Spectrum of Deformities
	Congenital Vascular Anomalies
	Craniofacial Malformations
	Congenital Intracranial Tumors
	Sacrococcygeal Teratomas and Mimics

	Closing
	References

	4: Medicolegal Aspects of Neurological Disorders in Pregnancy, the Fetus, and the Newborn
	Introduction
	General Principles
	The Physician’s Duty of Care
	Informed Consent

	Medicolegal and Ethical Issues in Selected Neurological Disorders in Pregnancy
	Seizures and Epilepsy
	Multiple Sclerosis
	Headaches
	Brain Tumors
	Brain Death in Pregnancy

	Medicolegal Issues in the Fetus and the Newborn
	Hypoxic-Ischemic Encephalopathy
	Cerebral Palsy
	Spina Bifida

	Conclusion
	References


	Part II: Cerebrovascular and Hypertensive Disorders of Pregnancy
	5: Cardiovascular and Cerebrovascular Changes During Pregnancy
	Introduction
	Cardiovascular Changes
	Blood Pressure
	Systemic Vascular Resistance
	Total Blood Volume, Plasma Volume, and Red Blood Cell Volume
	Cardiac Output, Stroke Volume, and Heart Rate
	Cardiac Remodeling and Contractility

	Cerebrovascular Changes
	Cerebral Blood Flow and Cerebral Autoregulation
	Cerebral Vascular Resistance and Vascular Structural Changes
	The Cerebral Veins
	Blood–Brain Barrier Alteration

	Pathophysiology of Cerebrovascular Complications During Pregnancy
	Placental Ischemia Model
	Posterior Reversible Encephalopathy Syndrome

	Conclusion
	References

	6: Pregnancy and Ischemic Stroke
	Introduction
	Pathophysiology
	Coagulation Factors
	Vascular Tone

	Risk Factors
	Etiology
	Cerebral Venous Sinus Thrombosis (CVST)
	Hypertensive Disorders of Pregnancy
	Preeclampsia and Eclampsia

	Postpartum Angiopathy (PPA)
	Peripartum Cardiomyopathy (PPCM)
	Other Causes of Embolic Stroke

	Diagnosis
	Brain Imaging
	Computed Tomography
	Magnetic Resonance Imaging

	Evaluation for Stroke Mechanism
	Cranio-Cervical Vessel Imaging
	Echocardiogram
	Laboratory Evaluation


	Management
	Acute Reperfusion
	IV Alteplase (tPA)
	Mechanical Thrombectomy

	Secondary Prevention of Ischemic Stroke
	Antithrombotics
	Hypertension
	Hyperlipidemia

	Disease-Specific Treatment
	Cerebral Venous Sinus Thrombosis
	Hypertensive Disorders of Pregnancy
	PPCM

	Intracranial Pressure (ICP) Management
	Preventing Secondary Brain Injury
	Glucose
	Temperature

	Prevention of Other Medical Complications

	Prognosis
	Stroke Secondary Prevention
	Cerebral Venous Sinus Thrombosis
	Prevention of Preeclampsia [65]

	Delivery Considerations After Stroke
	Contraceptive Options After Stroke
	Summary
	References

	7: Pregnancy and Hemorrhagic Stroke
	Introduction
	Pathophysiology
	Vascular Tone
	Coagulation Factors
	Cardiovascular Hemodynamics

	Risk Factors
	Etiology
	Aneurysms and Arteriovenous Malformations (AVMs)
	Cerebral Venous Sinus Thrombosis (CVST)
	Hypertensive Disorders of Pregnancy
	Preeclampsia and Eclampsia

	Postpartum Angiopathy (PPA)
	Posterior Reversible Encephalopathy Syndrome (PRES)
	Collagen Type IV, Alpha 1 (COL4A1) Associated Syndrome [34]

	Diagnosis
	Brain Imaging
	Magnetic Resonance Imaging
	Lumbar Puncture

	Evaluation for Hemorrhagic Stroke Mechanism
	Craniocervical Vessel Imaging
	Diagnostic Cerebral Angiography
	Laboratory Evaluation


	Management
	Acute Management of Hemorrhagic Stroke
	Urgent Support of Vital Function (Airway, Breathing and Circulation)
	Prevention of Hematoma Expansion
	Controlling Blood Pressure
	Reversing Coagulopathy
	Antifibrinolytic Therapy
	Intracranial Pressure (ICP) Management

	Prevention of Secondary Brain Injury
	Prevention of and Monitoring for Delayed Cerebral Ischemia (DCI)
	Glucose
	Temperature
	Seizure Prophylaxis
	Prevention Other Medical Complications


	Disease Specific Treatment
	Intracranial Hemorrhage from Aneurysms and Arteriovenous Malformations (AVMs)
	Cerebral Venous Sinus Thrombosis [64–66]
	Hypertensive Disorders of Pregnancy


	Prognosis
	Stroke Secondary Prevention
	Summary
	References

	8: Cerebral Aneurysms in Pregnancy: Considerations for Diagnosis and Management
	Introduction
	Pathology and Pathogenesis of Aneurysms and Subarachnoid Hemorrhage
	Epidemiology, Presentation, and Natural Course
	Scope of the Problem
	Clinical Manifestations and Natural Course

	Diagnostic Considerations for the Pregnant Patient
	Clinical Evaluation and Grading
	Neuroimaging

	Counseling and Management
	Counseling: Patients Planning to Become Pregnant and Hereditary Concerns
	Management of Unruptured Aneurysms in Pregnancy
	Management of Ruptured Aneurysms in Pregnancy

	Conclusion
	References

	9: Cerebral Vascular Malformations in Pregnancy: Considerations for Diagnosis and Management
	Introduction
	Arteriovenous Malformation
	Pathology and Pathogenesis of Arteriovenous Malformations
	Influence of Pregnancy and Sex Hormones on Arteriovenous Malformation Pathogenesis

	Epidemiology, Presentation, and Natural Course of Arteriovenous Malformations
	Scope of the Problem
	Clinical Manifestations and Natural Course of Arteriovenous Malformations


	Diagnostic Considerations for Arteriovenous Malformations in the Pregnant Patient
	Neuroradiological Features of Arteriovenous Malformations

	Counseling and Management of Arteriovenous Malformations
	Counseling: Patients with Arteriovenous Malformation Planning to Become Pregnant and Hereditary Concerns
	Management of Unruptured Arteriovenous Malformations in Pregnancy
	Management of Ruptured Arteriovenous Malformations in Pregnancy

	Cavernous Malformations
	Pathology and Pathogenesis of Cavernous Malformations
	Influence of Pregnancy and Sex Hormones on Cavernous Malformation Pathogenesis

	Epidemiology, Presentation, and Natural Course of Cavernous Malformations
	Scope of the Problem
	Clinical Manifestations and Natural Course of Cavernous Malformations


	Diagnostic Considerations for Cavernous Malformations in the Pregnant Patient
	Neuroradiological Features of Cavernous Malformations

	Counseling and Management of Cavernous Malformations
	Counseling: Patients with Cavernous Malformation Planning to Become Pregnant and Hereditary Concerns
	Management of Cavernous Malformations in Pregnancy

	Conclusion
	References

	10: Pregnancy and Moyamoya
	Introduction
	Pregnancy in Untreated MMD Patients
	Pregnancy in Treated MMD Patients
	MMD Treatment During Pregnancy
	Mode of Delivery
	Stanford University Medical Center Experience
	Conclusions
	References

	11: Cerebral Venous Sinus Thrombosis in Pregnancy
	Introduction
	Pathophysiology and Anatomy
	Edema and CSF Obstruction Theories

	Risk Factors and Clinical Presentation
	Risk Factors
	Clinical Presentation

	Diagnostics and Imaging Characteristics
	Computed Tomography (CT)
	Magnetic Resonance Imaging (MRI)
	Cerebral Angiography

	Treatment and Outcomes
	Treatment
	Outcomes and Future Pregnancy
	Summary

	References

	12: Neurology of Preeclampsia and Eclampsia
	Introduction
	History and Definitions of Preeclampsia–Eclampsia
	Epidemiology of Preeclampsia–Eclampsia and Its Neurological Complications
	Pathophysiology of Preeclampsia–Eclampsia: The “Disease of Theories”
	Preeclampsia–Eclampsia and the Maternal Nervous System
	Maternal Neurological Complications of Preeclampsia/Eclampsia
	Seizures
	Headaches
	Cerebrovascular Disease
	Ischemic and Hemorrhagic Stroke
	Posterior Reversible Encephalopathy Syndrome
	Reversible Cerebral Vasoconstriction Syndrome

	Encephalopathy and Coma
	Peripheral Neuropathy
	Sleep Dysfunction

	Offspring Neurological Complications Due to Maternal Preeclampsia/Eclampsia
	Long-Term Maternal Neurological Sequelae of Preeclampsia/Eclampsia
	The Neuro-Obstetrics Team and Preeclampsia–Eclampsia
	References

	13: Reversible Vasoconstrictive Syndrome in Pregnancy
	Introduction
	Epidemiology
	Pathophysiology
	Risk Factors and Precipitants
	Vasoactive and Serotonergic Substances
	Migraine Headache
	Cervical Artery Dissection
	Miscellaneous
	Pregnancy-Related Risk Factors

	Clinical Features
	Laboratory Investigations
	Radiographic Studies and Diagnoses
	Subarachnoid Hemorrhage
	Intracerebral Hemorrhage
	Ischemic Stroke
	Cerebral Edema
	Angiography
	Transcranial Doppler

	Treatment
	Prognosis/Sequela
	Conclusions
	References

	14: Post-Partum Cerebral Angiopathy
	Introduction
	Pathophysiology
	Epidmiology
	Clinical Findings
	Laboratory Investigation
	Radiographic Evaluation
	Diagnostic Clinical Scores

	Other Differential Diagnoses to Consider
	Management
	Prognosis
	References

	15: Anticoagulation for Neurovascular Disorders in Pregnancy
	Introduction
	Pharmacokinetic Changes in Pregnancy
	Food and Drug Administration Pregnancy and Lactation Labeling
	Heparin Anticoagulants
	Non-Heparin Anticoagulants
	Warfarin
	Parenteral Direct Thrombin Inhibitors
	Fondaparinux
	Direct Acting Oral Anticoagulants
	Antiplatelets
	Aspirin
	Clopidogrel
	Ticagrelor
	Prasugrel


	Tissue Plasminogen Activator (tPA)
	Summary
	References


	Part III: Neurotrauma and Neurocritical Care in Pregnancy
	16: Evaluation and Management of Altered Mental Status and Coma in the Pregnant Patient
	Introduction
	Initial Approach
	History
	Physical Examination
	Vital Signs
	Neurologic Examination

	Initial Stabilization
	Airway Management
	Blood Pressure Management
	Intracranial Pressure Management

	Initial Studies
	Laboratory
	Imaging


	Diagnostic Process
	Focusing the Differential
	Structural Etiologies of Coma
	Acute Ischemic Stroke
	Cerebral Venous Sinus Thrombosis
	Intracranial Hemorrhage
	Other Structural Lesions

	Preeclampsia, Eclampsia, and PRES
	Toxic and Metabolic Causes of Coma
	Hypo- and Hyperglycemia
	Hypo- and Hypernatremia
	Infection
	Renal and Hepatic Impairment
	Endocrinopathies
	Intoxications and Poisonings

	Mixed/Miscellaneous Causes of Coma
	Seizures and Epilepsy
	Autoimmune Conditions
	Coma Mimics


	Subsequent Management and Diagnostic Considerations
	Management of Agitation and Delirium
	Diagnostic Role of Electroencephalography (EEG)
	Diagnostic Role of Lumbar Puncture (LP)
	Safety of Neuroimaging

	Conclusion
	References

	17: Management of Neurological Trauma in the Pregnant Patient
	Introduction
	A Review of TBI
	TBI Guidelines and the Pregnant Patient
	Treatments
	Decompressive Craniectomy
	Prophylactic Hypothermia
	Hyperosmolar Therapy
	Cerebrospinal Fluid Drainage
	Ventilation Therapies
	Anesthetics, Analgesics, and Sedatives
	Steroids
	Nutrition
	Infection Prophylaxis
	Deep Vein Thrombosis Prophylaxis
	Seizure Prophylaxis

	Monitoring
	Intracranial Pressure
	Cerebral Perfusion Pressure
	Advanced Cerebral Monitoring

	Thresholds
	Blood Pressure
	Intracranial Pressure
	Cerebral Perfusion Pressure
	Advanced Cerebral Monitoring


	Additional Considerations
	Hospital Resources and Transfer of Patients
	Assessing Fetal Status and Timing of Delivery
	Imaging Considerations
	Caring for Both Mother and Fetus

	Conclusion
	References

	18: Intracranial Infections in Pregnancy: Meningitis and Encephalitis
	Introduction
	Meningitis
	Bacterial Meningitis
	Etiology and Epidemiology
	Pathogenesis
	Clinical Manifestations
	Diagnosis
	Treatment
	Prognosis
	Prevention

	Non-bacterial Meningitis/Encephalitis
	Viral
	Fungal Infections
	Cryptococcus neoformans
	Coccidioides immitis
	Histoplasma capsulatum

	Mycobacterial

	Spirochetal
	Syphilis

	Parasitic
	Malaria, Cerebral

	Space Occupying Abscess

	Conclusion
	References


	Part IV: Neuro-Inflammatory, Neuromuscular, and Musculoskeletal Disorders in Pregnancy
	19: Neuroanesthesia in the Parturient
	Intro
	Neuroanesthesia and Intraoperative Management for the Pregnant Patient
	Trauma and Traumatic Brain Injury
	Intracranial Tumors
	Vascular Lesions
	References

	20: Analgesia and Pain Management During Pregnancy
	Labor Analgesia
	Neuraxial
	Contraindications to Neuraxial Anesthesia
	Complications of Neuraxial Anesthesia
	Intravenous Analgesia
	Non-opioid Analgesia
	Inhaled Anesthesia
	Post-operative Pain
	Regional Blocks
	Conclusion
	References

	21: Management of Multiple Sclerosis in Pregnancy
	Introduction: Multiple Sclerosis and Pregnancy
	Contraception in MS
	Pregnancy Rates in MS
	The Use of Reproductive Technology in MS
	MS Medications During Pregnancy in People with MS
	Interferons and Glatiramer Acetate
	Dimethyl Fumarate
	Fingolimod
	Teriflunomide
	Cladribine
	Natalizumab
	Ocrelizumab
	Alemtuzumab

	MS Disease Activity During Pregnancy
	Pregnancy-Related Complications in MS
	The Use of MRI During Pregnancy
	The Use of IV Steroid Treatment During Pregnancy or Breastfeeding
	MS Disease Activity After Pregnancy
	The Effect of Breastfeeding on MS Activity
	Restarting MS Medication After Pregnancy
	The Risk of MS Among Children of MS Patients

	Conclusion
	References

	22: Guillain-Barré Syndrome in Pregnancy
	Introduction
	Guillain-Barré Syndrome in Pregnancy
	Risk Factors of Guillain-Barré Syndrome in Pregnancy
	Diagnosis
	Management
	Immunomodulation
	Monitoring and Supportive Measures
	Management After Guillain-Barré Syndrome
	Chronic Neuropathic Pain, Fatigue, and Depression
	Prediction Models and Prognosis
	References

	23: Myasthenia Gravis in Pregnancy and Delivery
	Clinical Background
	Preconception Care in Myasthenia Gravis
	Disease Management in Pregnancy
	Other Considerations in Pregnancy
	Fetal Assessment
	Labor and Delivery
	Neonatal Concerns
	Postpartum Management
	Conclusion
	References

	24: Peripheral Nerve Disorders in Pregnancy
	Introduction
	Patient Assessment
	Physical Exam
	Electrodiagnostic Studies

	Diagnostic Imaging
	Ultrasound
	Magnetic Resonance Imaging/MR Neurography

	Differential Diagnosis
	Acute Peripheral Nerve Injury
	Entrapment Neuropathy
	Radiculopathy
	Systemic/Inflammatory Neuropathies

	Management Principles
	Acute Setting

	0–3 Months
	3 Months
	Syndromes
	Carpal Tunnel Syndrome
	Radial Neuropathy
	Parsonage-Turner Syndrome
	Hereditary Brachial Plexus Neuropathy (HBPN)
	Idiopathic Lumbosacral Plexopathy
	Traumatic Lumbosacral Plexopathy
	Lateral Femoral Cutaneous Neuropathy
	Femoral Neuropathy
	Peroneal Neuropathy
	Obturator Neuropathy
	Bell’s Palsy
	Inflammatory Demyelinating Polyneuropathies
	Isaac’s Syndrome
	Charcot-Marie-Tooth Disease
	Hereditary Neuropathy with Liability to Pressure Palsies (HNPP)

	Conclusion
	References

	25: Peripheral Nerve Disorders in the Newborn
	Introduction
	Patient Evaluation
	Diagnoses
	Obstetric Brachial Plexus Palsy (OBPP)
	Radial Nerve
	Phrenic Nerve
	Recurrent Laryngeal Nerve
	Cranial Nerves

	Management Principles
	Nonoperative Management
	Operative Management

	Conclusions
	References

	26: Low Back Pain and Sciatica in Pregnancy
	Epidemiology
	Role of Scoliosis
	Influence of Prior Anterior Spinal Surgery
	Influence of Prior Diskectomy

	Diagnosis
	Nonspinal Neuropathic Pain
	Sacroiliac Pain
	Diagnostic Studies

	Pathogenesis
	Structural Pathology

	Treatment
	Conservative Therapy
	Surgery

	Conclusions
	References


	Part V: Functional Neurological, Neuro-Otological, and Psychological Disorders in Pregnancy
	27: Headache in Pregnancy
	Introduction
	Primary Headaches in Pregnancy
	Migraine
	Tension-Type Headaches
	Trigeminal-Autonomic Cephalalgias

	Secondary Headaches
	Pre-eclampsia and Eclampsia
	Posterior Reversible Encephalopathy Syndrome
	Cerebral Venous Thrombosis
	Subarachnoid Hemorrhage
	Reversible Cerebral Vasoconstriction Syndrome
	Idiopathic Intracranial Hypertension
	Pituitary Apoplexy

	Imaging Choice when Evaluating Headache
	Treatment of Headache in Pregnancy
	Nonpharmacological Treatment
	Nerve Blocks
	Behavioral Therapy
	Summary for Non-pharmacological Interventions

	Pharmacological Treatment
	Acetaminophen
	Aspirin
	Nonsteroidal Anti-Inflammatory Drugs
	Triptans
	Opiates
	Ergotamine
	Antiemetics
	Beta-Blockers
	Antiepileptic Medication
	Tricyclic Antidepressants
	Botox
	Supplements Used in Headache
	Summary for Pharmacological Interventions

	Conclusion
	References

	28: Management of Epilepsy During Pregnancy
	Issues Relating to Conception Reduction in Fertility
	Contraceptives and Anticonvulsants

	Issues Relating to Pregnancy Changes in Seizure Rate
	Maternal Mortality in WWE
	Teratogenicity of Anticonvulsants

	Issues Relating to the Peri- and Post-Partum Period Vitamin K
	Breastfeeding

	References

	29: Sleep Disorders and Their Management in Pregnancy
	Sleep Architecture in Pregnancy
	Subjective Data
	Objective Data

	Changes During Pregnancy that Can Affect and Alter Sleep Patterns
	Changes in Melatonin and Sleep Onset in Pregnancy
	Hormonal Changes During Pregnancy and Their Effect on Sleep
	The Growing Baby

	Sleep Disorders During Pregnancy
	Sleep Disordered Breathing (SDB) and Pregnancy
	SDB in Pregnancy and GDM
	Pathophysiological Mechanism of GDM with SDB in Pregnancy

	SDB in Pregnancy and Hypertensive Disorders of Pregnancy (HDP)
	Pathophysiological Mechanism of Pre-Eclampsia with SDB in Pregnancy


	Restless Leg Syndrome in Pregnancy
	RLS and Insomnia
	Mood Disorders with RLS
	RLS and Gestational Diabetes
	RLS and Hypertensive Disorders of Pregnancy

	Insomnia and Pregnancy
	Peripartum Mood Disorders: Depression and Anxiety
	Postpartum Weight Retention


	Consequences of Sleep Disorders During Pregnancy on the Fetus and Child
	Nonpharmacological and Pharmacological Management of Sleep Disorders during Pregnancy
	Management of Pre-Existing Sleep Disorders
	Narcolepsy
	Pharmacological Management
	Wakefulness Promoting Agents
	Medications for Cataplexy
	Gamma-hydroxybutyrate (GHB) Group:
	Other non-FDA Approved Medications
	Tricyclic Antidepressants (TCAs)
	Selective Serotonin Reuptake Inhibitors (SSRIs)



	Management of Pregnancy Induced Sleep Disorders
	Insomnia
	Nonpharmacological Interventions
	Pharmacological Interventions

	Restless Leg Syndrome
	Nonpharmacological Treatment
	Pharmacological Intervention
	Other Medications

	Management of SDB


	References

	30: Otologic and Neurotologic Disorders in Pregnancy
	Introduction
	Menière Disease/Endolymphatic Hydrops
	Pregnancy

	Vestibular Migraine
	Pathophysiology

	Otosclerosis
	Diagnosis
	Treatment
	Pregnancy

	Vestibular Schwannoma/Acoustic Neuroma
	Pregnancy
	Management

	Bell Palsy
	Pregnancy

	Hearing Loss
	Eustachian Tube Dysfunction
	Pregnancy

	Third Window Syndrome
	Pathophysiology
	Treatment
	Pregnancy

	Conclusion
	References

	31: Management of Mental Health Disorders in Pregnancy
	Introduction
	Depressive Disorders
	Major Depression
	Special Considerations Related to Pregnancy
	Treatment During Pregnancy
	Cognitive-Behavioral Therapy (CBT)

	Interpersonal Psychotherapy
	Medications
	SSRIs
	SNRIs
	Bupropion
	Recommended Treatment

	Postpartum Blues

	Anxiety
	Special Considerations Related to Pregnancy
	Treatment During Pregnancy
	Medications
	SSRIs
	Benzodiazepines

	Gabapentin
	Buspirone
	Antihistamines
	Recommended Treatment

	Bipolar Disorder
	Special Considerations Related to Pregnancy
	Treatment During Pregnancy
	Pharmacotherapy
	Antipsychotics
	Lithium
	Antiepileptics

	Recommended Treatment
	Mania or Hypomania
	Bipolar Depression

	Psychoses
	Special Considerations Related to Pregnancy
	Recommended Treatment

	Conclusion
	Risks of Different Medications

	References


	Part VI: Neoplastic, Congenital, and Other Neurosurgical Disorders in Pregnancy
	32: Management of Brain Tumors in Pregnancy
	Brain Tumors in the Pregnant Patient
	Overview and Incidence
	Presenting Symptoms
	Diagnostic Workup

	Natural History of Brain Tumors During Pregnancy
	Physiologic Changes in Pregnancy Promoting Tumor Progression
	Glioma
	Meningioma
	Vestibular Schwannoma
	Pituitary Adenoma
	Vascular Tumors
	Other Primary Brain Tumors
	Brain Metastasis

	Treatment of Brain Tumors During Pregnancy
	General Principles
	Medical Management
	Neurosurgical Management
	Obstetric Management
	Controversies in the Management of Brain Tumors During Pregnancy

	Conclusion
	References

	33: Pituitary Region Tumors in Pregnancy: Overview and Management Paradigms
	Overview
	Functioning Tumors
	Prolactinoma
	ACTH-Secreting Adenoma and Cushing’s Disease
	Growth-Hormone Secreting Adenoma and Acromegaly
	TSH-Secreting Adenoma

	Nonfunctioning Tumors
	Nonfunctioning Adenomas
	Meningioma

	Problems of Perfusion: Pituitary Vascular Disorders
	Conclusions
	References

	34: Chiari Malformation and Pregnancy
	Introduction
	Preconception Counseling
	Pregnancy Management
	Method of Delivery
	Anesthesia

	Syringomyelia
	Postpartum Care
	Conclusion
	References

	35: Spina Bifida and Pregnancy
	Introduction
	Preconception Counseling
	Pregnancy Management
	Managing Comorbidities
	Mode of Delivery
	Anesthetic

	Postpartum Outcomes and Management
	Conclusion
	References

	36: Hydrocephalus and Pregnancy
	Introduction
	Preconception Management
	Pregnancy Management
	Symptoms During Pregnancy
	Method of Revision
	ETV

	Delivery Management
	Mode of Delivery
	Anesthesia
	Antibiotics

	Post-Partum Management
	Conclusion
	References

	37: Management of Pseudotumor Cerebri in Pregnancy
	Introduction
	Presentation
	Radiology
	Diagnosis
	Evaluation and Surveillance
	Management
	Acetazolamide
	Corticosteroids
	Lumbar Puncture
	Surgery
	Labor Planning
	Summary
	References


	Index

