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Introduction

Incidence, Prevalence and Temporal Trends

Pregnancy and puerperium confer an increased risk for ischemic as well as hemorrhagic

stroke, with incidence rates being three-fold higher as compared to non-pregnant women. A
meta-analysis of the epidemiological characteristics and risk factors for stroke in pregnancy
found that the mean age ranged from 22 to 33 years, and the crude incidence rate was
30/100,000 (95% ClI, 18.8-49.4/100,000), which was nearly three times that of non-pregnant
women of childbearing age suffering a stroke.! The rate of ischemic and hemorrhagic stroke
was 12.2/100,000 pregnancies, while for cerebral venous sinus thrombosis (CVST) the rate
was 9.1/100,000 pregnancies. In this meta-analysis the rates of pregnancy-associated stroke
remained unchanged from 1990 to 2017.1 Subsequently, using hospital discharge data from
the US Nationwide Inpatient Sample, Kuklina and colleagues reported that the rate of stroke
from 1994-1995 to 2006—-2007 increased by 47% for antenatal stroke, and by 83% for post-
natal strokes. Changes in the prevalence of hypertensive disorders of pregnancy (HDP) and
heart disease from 1994-1995 to 2006—-2007 explained almost all the increase in postpartum
hospitalizations.2 Such changes in the incidence of stroke were not replicated in other
studies;2 Furthermore, a more recent study of data from the US National Inpatient Sample
reported a decrease in the incidence of stroke during the delivery period from 10/100000 to
6/100000 deliveries from 2004 to 2014, despite an increase in the prevalence of HDP from
8.4% to 10.9% during that timeframe.3

Corresponding Author: Aneesh B. Singhal, M.D., Massachusetts General Hospital, 55 Fruit Street, WACC 729-C, Boston, MA,
02114, asinghal@partners.org, Phone: +1-617-726-8459.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered
which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Camargo and Singhal Page 2

Timing
The rate of pre-partum/peripartum stroke is 18.3/100,000 pregnancies, whereas for post-
partum stroke the rate is 14.7/100,000. Given the short duration of the post-partum period,
the daily rate of stroke is higher in the postpartum as compared to pre- or peri-partum
periods.! Concordantly, a recent study has shown that the majority of readmissions for
postpartum stroke occur in the first 10 days after hospital discharge.* Different rates have
been reported in England: 10.7/100,000 person-years, antepartum, but 9-fold higher
peripartum (161.1/100,000 person-years) and 3-fold higher early postpartum (47.1/100,000
person-years).® It is postulated that these differences could be due to variances in access to
obstetrical care between the United States and England. The post-partum period with highest
risk for thrombotic events is the first 6 weeks. While the period of 7-12 weeks post-partum
also has an increased, albeit lower, risk of thrombotic events compared to weeks 0-6, there
is no significant increase in stroke risk.6

Hemorrhage rates in pregnancy are also significantly higher during the third trimester
(2.9/100,000 pregnancies) and in the first 12 weeks post-partum (4.4/100,000).”

Risk Factors

Patient Characteristics

A study of the Nationwide Inpatient Sample showed that the absolute risk of stroke
increased with age: compared to patients < 20 years, those age 35-39 years had an odds ratio
(OR) for stroke of 2.0 (95% confidence interval (Cl) 1.4-2.7, P <0.01), and those = 40 years
had OR of 3.1 (95% CI 2—4.6).8 This was confirmed in a later study of the Nationwide
Inpatient Sample, which showed a substantially higher risk of acute stroke during
pregnancy/puerperium for women > 45 years.9 Interestingly, one study found that younger
women, but not older women, had an increased stroke risk during pregnancy and the post-
partum state.10 Pregnancy at older age may, however, have negative implications for
cerebrovascular health later in life. The risk of stroke in relation to age of prior pregnancy/
delivery was analyzed in women aged 59-70 years from the observational cohort of the
Women’s Health Study. Older age at delivery (age = 40 years) was associated with a small
but significant increased risk of hemorrhagic stroke in multivariate analyses (OR 1.5, 95%
Cl 1.0-2.1) compared to women < 40 years at delivery. Compared to younger women at the
time of delivery, women > 40 years at delivery had higher mean systolic blood pressure and
higher rates of diabetes mellitus, heart failure, atrial fibrillation and any alcohol use later in
life.11

Data from the Nationwide Inpatient Sample also showed that race/ethnicity influences the
incidence of pregnancy-associated stroke: African-American women have higher risk of
stroke than White women (OR 1.5, 95% CI 1.2-1.9) and Hispanic women.8 Additionally,
minority women (black, Hispanic, Asian/Pacific Islander) with chronic hypertension and
pregnhancy-induced hypertension are at substantially higher risk of stroke during delivery
admissions compared to white women with the same conditions.12
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Medical Risk Factors

The presence of vascular risk factors at the time of pregnancy contribute to the risk of stroke.
Medical conditions that are strongly associated with stroke include: migraine, odds ratio
(OR) 16.9 (95% CI 9.7-29.5); thrombophilia, OR 16.0 (95% CI 9.4-27.2); systemic lupus
erythematosus, OR 15.2 (95% CI 7.4-31.2); heart disease, OR 13.2 (95% CI 10.2-17.0);
sickle cell disease, OR 9.1 (95% CI 3.7-22.2); hypertension, OR 6.1 (95% CI 4.5-8.1);
thrombocytopenia, OR 6.0 (95% CI 1.5-24.1); and diabetes, OR 2.5 (95% CI 1.3-4.6).
Migraine-associated stroke in pregnancy may be mediated by HDP.13 Additionally,
pregnancy-associated complications such as transfusion, postpartum infections, and any type
of infection at the time of delivery admission, especially genitourinary infections and sepsis,
are strong predictors of pregnancy-associated stroke.8:14 Infection during delivery admission
was shown to be a risk factor for stroke readmission at a median of 6.7 days. This
relationship was significant for readmissions due to post-partum ischemic stroke, but not for
hemorrhagic stroke.1 Longer length of stay during delivery hospitalization, a potential
marker of increased morbidity, is an independent risk factor for maternal stroke.*
Furthermore, smoking is highly prevalent in women who suffer strokes during pregnancy
and is also an independent risk factor for maternal stroke.164 Other pregnancy-specific
causes, such as peripartum cardiomyopathy, choriocarcinoma, and embolization of amniotic
fluid or air, are rare. It is postulated that ischemic strokes secondary to trans cardiac
embolism through a patent foramen ovale may occur during pregnancy because of the higher
rates pregnancy-associated venous thrombosis. However, a review article showed only a
small number of such cases, most of which occurred in the first and second trimesters of
pregnancy.l’

For hemorrhagic stroke during pregnancy/puerperium, aneurysms, arteriovenous
malformations, HDP, advanced maternal age, black race, coagulopathy and smoking are the
most important risk factors.::? Furthermore, chronic hypertension or pregnancy-induced
hypertension strongly modify the effect of race and ethnicity on the risk of hemorrhagic
stroke: minority women (black, Hispanic, Asian/Pacific Islander) with these conditions are
at substantially higher risk of hemorrhagic stroke compared to white women.12

Assisted Reproductive Therapies

Conflicting data have been reported regarding the risk of cardiovascular disease and stroke
after hormonally-assisted reproductive therapies. A meta-analysis involving 30,477 women
who received fertility therapy and 1,296,734 women who did not, who were respectively
followed for a median of 9.7 and 8.6 years, showed a trend towards an increased risk of
stroke or transient ischemic attack (TI1A) in women after ovulation induction compared to
women who did not receive fertility therapy (hazard ratio (HR), 1.25, 95% CI 0.96 to 1.63;
120%). It is noteworthy that the patients included in the studies were relatively young, with
mean age of 28.5-34 years at the time of delivery, which could have biased the results
toward a more favorable outcome.18

A prospective cohort study analyzed the risk of cardiovascular disease after failed assisted
reproductive therapy (defined as women who did not give birth one year after their last cycle
of assisted reproductive therapy) in 28442 women who received fertility therapy, after a
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median of 8.4 years of follow-up. A total of 67% failed reproductive therapy and had a 21%
increased annual risk of cardiovascular disease (95% CI 13-30%), an increased risk of
ischemic stroke (adjusted relative rate ratio (ARR) 1.33, 95% CI 1.22-1.46) but not
hemorrhagic stroke (ARR 0.88, 95% CI 0.80-0.96).19

The mechanisms by which assisted reproduction increases the risk of cardiovascular disease
are not fully understood. It is postulated that ovarian hyperstimulation activates the renin-
angiotensin system, thus modifying sodium balance, blood pressure regulation, and
promoting fluid shifts with intravascular volume depletion, leading to hypercoagulability.

Cesarean Delivery

In a study of data from the Healthcare Cost and Utilization Project from 1993 and 1994, risk
factors for peripartum stroke and venous sinus thrombosis were assessed among 1,408,015
sampled deliveries. In that study, the risk of peripartum stroke was 34.3/100,000 births for
women who had a cesarean birth, compared with risk of 7.1/100,000 births for vaginal
delivery (p<0.001). The risk of intracranial venous thrombosis was also increased for
cesarean delivery: 26.6/100,000 births for cesarean birth, versus 7.4/100,000 births for
vaginal delivery (p <0.001).20 Similar findings were observed in a population-based study
from Taiwan, in which the increased risk of postpartum stroke in women undergoing
cesarean delivery compared to vaginal delivery persisted up to 12 months post-partum.2!
The possibility of cesarean section being a consequence of pregnancies complicated by
HDP, for which the risk of stroke is higher due to hypertension, or due to the actual
occurrence of a cerebrovascular event is a potential confounder. However, surgery itself
promotes increased risk of clotting through various mechanisms, which may account for the
increased stroke risk.20

Pathophysiology of Pregnancy-Associated Stroke

Hemodynamic Changes

During pregnancy, there is high metabolic demand. To account for this, cardiovascular
changes occur to allow the maternal circulation to meet new physiological requirements.
One of the initial changes is an increase in the plasmatic volume beginning early in the first
trimester, secondary to an increase in renin activity as stimulated by estrogen and other
circulating hormones. There is also development of mild hemodilutional anemia and
substantial increases in heart rate and cardiac output, with elevation up to 45% above the
non-pregnancy state by 24 weeks, and even further during labor and birth.2223 Systemic
vascular resistance drops in early gestation. With this, blood pressure (BP) drops as well,
with nadir around 20-32 weeks. This promotes relative venous stasis, heightened by vena
cava compression in the supine position by the progressively growing uterus, and reduced
physical activity during late pregnancy and puerperium. Therefore, the combination of
hypervolemia, increased circulatory demand, decreased BP and increased venous stasis
predispose women to circulatory complications. These changes persist until 6-12 weeks
post-partum.
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Vascular and Connective Tissue Changes

Pregnancy causes remodeling of the heart and blood vessels, with increased vascular
distensibility in the first trimester. In late pregnancy, however, there is loss of distensibility
due to a reduction in collagen and elastin content in the systemic arterial walls, which
persists for months after delivery.24 It is not clear how these vascular changes promote the
development of stroke. However, it is postulated that these somewhat vulnerable vessel walls
could be subject to greater hemodynamic stress in the setting of increased blood volume and
cardiac output during pregnancy and delivery, and hence susceptible to rupture and resultant
hemorrhagic stroke.16:23 Recent studies indicate that the reversible cerebral vasoconstriction
syndrome is the most frequent cause of pregnancy associated stroke.

Changes in the Coagulation System

Gestation is a hypercoagulable state, with a 4 to 10-fold increased risk of thrombaosis during
pregnancy and puerperium. The increased hypercoagulability is in part due to elevations of
procoagulant factors VII, IX; X, XII, XIII, fibrinogen and von Willebrand factor. Further,
physiologic anticoagulation is partly impaired by reductions in protein S activity, reductions
of antithrombin I11 levels (nadir in the third trimester) and development of acquired activated
protein C resistance in the second and third trimesters in 1/3 of pregnant women.
Fibrinolysis is also reduced because of increases in serum plasminogen activator inhibitor
(PAI) type 1 and placental derived PAI type 2. Iron deficiency also contributes to a
procoagulant state. All the above, combined with venous stasis, congestion, and
compression of the inferior vena cava and aorta by the pregnant uterus promote an enhanced
hypercoagulable state predominantly in the third trimester and puerperium. Further
contributing to the risk of thrombosis in the puerperium is the acute phase response to
surgical trauma and hemorrhage of delivery.252316

Pathological Conditions, Condition-Specific Management and Outcomes

Hypertensive Disorders of Pregnancy

HDP are a group of conditions occurring in pregnancy and puerperium with a common
background of hypertension, defined as BP = 140/90 mmHg. Included in this group are
gestational hypertension, preeclampsia, severe preeclampsia (eclampsia and hemolysis
elevated liver enzymes and low platelets [HELLP] syndrome), and chronic hypertension
with superimposed preeclampsia. HDP are of clinical relevance given their prevalence and
strong risk of cardiovascular disease and stroke during pregnancy and the puerperium and
later in life, with associated increased risk of cardiovascular mortality. 2627282930
Preeclampsia is associated with a 2 to 4-fold increase in future incident heart failure and a 2-
fold increased risk in coronary heart disease, stroke, and cardiovascular death.282% HDP lead
to a loss of women’s pre-menopausal cardiovascular advantage, and cardiovascular disease
may occur as early as the first year after a first pre-eclamptic pregnancy, and up to a decade
earlier than expected for HDP. Due to these important findings, HDP should be considered
as a risk factor for future cardiovascular disease and should prompt earlier screening for
such conditions.29
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The prevalence of HDP, gestational hypertension and preeclampsia is 5.2-8.2%, 1.8-4.4%
and 0.2-9.2%, respectively. HDP is more common in developing countries, although its
prevalence has increased substantially in the United States in the past 20 years.31:32 HDP is
also more common in African-Americans.3!

Modifiable risk factors for HDP include increased body mass index, anemia, and lower
education. Non-modifiable risk factors for HDP include older and younger age (age > 35
years and < 20 years, respectively); primiparity and multiparity; previous HDP; gestational
diabetes mellitus; preexisting hypertension; preexisting type 2 diabetes mellitus; preexisting
urinary tract infection; and a family history of hypertension, type 2 diabetes mellitus and
preeclampsia.3! Additionally, coagulopathies and underlying prothrombotic conditions also
increase the risk of pregnancy-associated stroke in women with preeclampsia.33

HDP are associated with 26% of maternal deaths in Latin America/Caribbean and 16% of
maternal deaths in developing countries. HDP also account for 10% of preterm births, and
1/50 stillbirths.34

HDP are associated with a 1.7-5.2-fold increase in the risk of stroke. Furthermore,
preeclampsia occurs in 21-47% of pregnancy-associated strokes.83% Importantly, the rate of
stroke associated with HDP increased 103% in the United States between 1994-1995 and
2010-2011.%0

Hypertension in pregnancy may predate the gestation or may be diagnosed de novo during
pregnancy.

De Novo Hypertension36

1. Gestational hypertension: diagnosed when hypertension develops in a woman at
> 20 weeks gestation, in the absence of proteinuria or other metabolic
abnormalities. It may be mild, when BP ranges 140-149/90-99 mmHg;
moderate when BP is 150-159/100-109 mmHg; and severe when BP = 160/110
mmHg. Gestational hypertension is usually a relatively benign condition.
However, 25% of women with gestational hypertension may develop pre-
eclampsia, and those that have gestational hypertension before 34 weeks’
gestation are at highest risk.

2. Preeclampsia: a multisystem disorder of mid- to late pregnancy diagnosed by the
presence of de novo hypertension after 20 weeks gestation accompanied by
proteinuria (= 300 mg protein/24 h urine) or evidence of maternal acute kidney
injury, liver dysfunction, neurological changes (encephalopathy, seizures),
hemolysis or thrombocytopenia, or fetal growth restriction. Preeclampsia may
occur intrapartum and less frequently early postpartum, usually within 48 hours.
Eclampsia, one of the most dreaded consequences of preeclampsia, is the
development of seizures in a patient with preeclampsia. This occurs in about
0.1% of all pregnancies, and is 10 to 30 time more common in developing
countries.3731
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The pathophysiology of preeclampsia is not fully understood. There is evidence that immune
maladaptation is central to its cause. Abnormal placentation, leading to restricted placental
blood flow, may be the key factor promoting a cascade of events culminating with
preeclampsia. Restricted placental blood flow leads to development of a necrotizing spiral
artery arteriopathy, coined acute atherosis, which resembles the early stages of systemic
atherosclerosis. The resultant placental oxidative and endoplasmic reticulum stress leads to
the release of components from the intervillous space into the maternal circulation,
promoting maternal intravascular inflammatory response (increase in TNF alpha, 1L-6,
ICAM-1, CRP, IL-2), generalized endothelial dysfunction, immune and clotting activation,
decreased intravascular volume and increased vascular reactivity. Microthrombi may be seen
in multiple organs.34:38 The endothelial dysfunction may lead to disruption of the blood-
brain barrier, leading to cerebral edema and hemorrhage, as well as possible disruption of
vascular cerebral autoregulation.3?

The importance of diagnosis and early management of preeclampsia cannot be overstated.
The maternal mortality rate in preeclampsia-eclampsia is 6.4/10,000 cases at delivery, with
nearly 20-fold increased risk of maternal mortality when preeclampsia develops before 32
weeks gestation.4? A recent study has shown that mortality attributed to stroke in
preeclampsia occurs in approximately 60% of cases. Furthermore, the ability to modify a
patient’s outcome by more rapidly attending to clinical warning signs and symptoms of
stroke occurred in 91%, and opportunities for improved medical management occurred in
76%.41 The most common type of stroke occurring after preeclampsia is hemorrhagic
stroke, usually present in the post-partum period.3> Additionally, there is a clear overlap
syndrome of postpartum angiopathy or the reversible cerebral vasoconstriction syndrome
(RCVS), posterior reversible encephalopathy syndrome (PRES), and preeclampsia/
eclampsia.3’ The relative risk of stroke occurring later in life after preeclampsia is 1.76
(95% Cl, 1.40-2.22) for non-fatal stroke, and RR=2.98 (95% ClI, 1.11-7.96) for fatal stroke.
42 For women with preeclampsia, those who have severe preeclampsia or eclampsia,
hypercoagulable states, chronic hypertension, peripartum infections, and coagulopathies are
at highest risk for stroke.33

Management (Table 1)

1. Delivery: The definitive treatment for preeclampsia is delivery of the baby and of
the diseased placenta. For women with onset of preeclampsia > 37 weeks,
delivery should be performed. For women with preeclampsia that begins < 37
weeks of gestation, they should be managed with an expectant approach
(preferably with maternal fetal medicine involvement for gestational age < 34
weeks), unless features of severe disease develop.38

2. Aspirin: Aspirin was first shown to reduce the risk of preeclampsia in women in
1979.43 Thereafter, it has been studied in multiple clinical trials. A recent study
showed that for patients at high risk of developing preeclampsia, aspirin 150 mg
daily, from weeks 11-14 to week 36 of gestation, was superior to placebo for
prevention of pre-term preeclampsia (1.6% vs. 4.3%, respectively, OR 0.38, 95%
C1 0.20 — 0.74), without increasing the risk of poor neonatal outcomes.*4 This
therapy has been recommended in the recently published consensus statement on
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hypertensive disorders of pregnancy from the International Society for the Study
of Hypertension in Pregnancy (ISSHP).38

Recent data from a prospective cohort study showed that for women < 60 years
old with a prior history of HDP, those taking aspirin had a lower risk of stroke
compared to nonusers of aspirin. These thought-provoking findings prompt
consideration of clinical trials of aspirin use for stroke prevention in women with
prior HDP.45

Calcium: High calcium intake during pregnancy has been shown to be associated
with a reduced incidence of pre-eclampsia. The mechanism whereby calcium
might mediate this effect is through reduction of parathyroid hormone release
and reduction of intracellular calcium, leading to decreased smooth muscle
contractility. Additionally, calcium supplementation could also reduce uterine
smooth muscle contractility and prevent preterm labor and delivery.46:47:48
Calcium supplementation, 1.2-2.5 g/day is also recommended, in addition to
aspirin, for women at high risk of preeclampsia who have low daily calcium
intake, or in whom the daily intake of calcium cannot be estimated.38

Hypertension management: For patients with severe hypertension (BP =
160/110) during pregnancy/puerperium, BP should be controlled in a monitored
setting, with agents including intravenous labetalol or hydralazine, or oral
nifedipine. Management recommendations of moderate hypertension vary by
medical society. For example, the American College of Obstetricians and
Gynecologists does not recommend treatment of mild or moderate hypertension.
49 Conversely, a 2014 statement from the American Heart Association (AHA)
suggests consideration of treatment of moderate hypertension in pregnancy.®?
The divergent opinions stem from concerns regarding a) fetal outcomes, because
aggressive BP control may lead to low birth weight due to relative placental
insufficiency; and b) maternal outcomes, given increased maternal stroke risk
and risk of development of severe hypertension during gestation. A 2015
randomized controlled clinical trial addressed this question. In that study, 987
pregnant women at 14-33 weeks gestation, with non-proteinuric hypertension or
gestational hypertension, were randomized to BP control with target diastolic BP
100 mmHg (control group) or target diastolic BP 85 mmHg. The primary
outcome (pregnancy loss or high-level neonatal care > 48 hours in the first 28
postnatal days) occurred in 31.4% of controls and in 30.7% receiving aggressive
BP control (adjusted OR 1.02, 95% CI 0.77 to 1.35). There was also no
significant difference in the percentage of infants with low birth weight between
the two groups. Serious maternal complications did not differ between the study
arms.®! Since the reporting of this study’s results, the ISSHP has recommended
treatment of any type of maternal hypertension, aiming for target diastolic BP of
85 mmHg.36

Magnesium sulfate: this is recommended for women with preeclampsia who
have proteinuria and severe hypertension, or hypertension with neurological
signs or symptoms.3® The use of magnesium sulfate in preeclamptic women with
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severe features has been shown to reduce the rate of progression to eclampsia by
58%, as compared to placebo.52 Magnesium sulfate is also superior to diazepam
and phenytoin for prevention of recurrent seizures in eclampsia.>34

6. Regular exercise during pregnancy to maintain appropriate body weight is
recommended, as that will reduce the likelihood of hypertension.38

Posterior Reversible Encephalopathy

PRES refers to a syndrome of hypertensive encephalopathy characterized by reversible brain
edema. This usually occurs in the setting of elevated BP or relative hypertension (compared
to a patient’s baseline BP). Patients typically presents with headache, visual symptoms
referable to the occipital lobes, and seizures. The disease may be complicated by cerebral
hemorrhages and ischemic strokes. There is an overlap between PRES and severe
preeclampsia/eclampsia.®® A small single center retrospective cohort study showed
radiological features suggestive of PRES in 98% of women with eclampsia.?® Similarly,
another small retrospective cohort study reported radiological features suggestive of PRES
in 92% of women with eclampsia and in 19% of women with preeclampsia.>’

The typical radiographic appearance of PRES is that of subcortical white matter and cortical
edema in the bilateral parietal and occipital lobes. In less typical PRES, there can be
extension to the frontal lobes, inferior temporal lobes, cerebellar hemispheres, brainstem and
deep white matter.58 MRI diffusion-weighted imaging can also show restricted diffusion and
intracranial hemorrhages. Atypical radiological features and intracranial hemorrhages are
less commonly seen in obstetrical PRES.%9

The goals of therapy are to normalize systemic BP, control seizures, and minimize
vasospasm and risk of secondary infarct and hemorrhage.

Outcomes in non-obstetrical PRES may be more severe than that of patients with obstetrical
PRES, which may be driven by the severity of the underlying comorbidities in that
population.®0

Reversible Cerebral Vasoconstriction Syndrome (RCVS)

RCVS denotes a group of diseases characterized by segmental narrowing and dilatation of
multiple intracranial arteries of days to weeks duration.81-64 RCVS is relatively rare, with a
female to male ratio of 2:10 to 10:1, and mean age of 4244 years.53:65.66 RCVS may be the
most frequent cause of pregnancy-associated stroke. The most common presenting sign is
recurrent thunderclap headache over days to weeks, sometimes progressing to persistent
moderate headache. Focal neurological deficits, such as hemiparesis, aphasia, and altered
mental status, occur in 8-43%.53:65.67 \jisual changes are common, including blurriness,
cortical visual loss, and Balint syndrome.5% Generalized tonic-clonic seizures occur in 1-
17% at disease onset.

The pathophysiology is uncertain. RCVS may occur due to spontaneous or provoked failed
regulation of cerebral vascular tone, likely related to serotoninergic pathways and
sympathetic overactivity.98:69 RCVS has been associated with exposure to vasoactive drugs
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(antidepressants, nasal decongestants, triptans, cannabis, nicotine patches, cocaine,
methamphetamine, amphetamine, lysergic acid), catecholamine secreting tumors,
immunosupressants, blood products, uncontrolled hypertension, head trauma, and sexual
activity. This condition has been seen in the postpartum state, with or without preeclampsia/
eclampsia.83:65.68-77 There may be overlapping mechanisms between RCVS and posterior
reversible leukoencephalopathy syndrome (PRES) given the presence of reversible cerebral
edema in 8-38% of RCVS cases, angiographic changes in patients with PRES, and similar
clinical presentation between the two conditions.63:65.70.78,79

Brain parenchymal imaging is often normal on admission, but changes may be seen over
time in 81%, including ischemic strokes, intraparenchymal hemorrhages (42%), and
convexal non-aneurysmal subarachnoid hemorrhages.53.66657880 \/as0genic edema
suggestive of PRES is seen in 28%. Vascular imaging (computer tomographic angiography,
magnetic resonance angiography, or conventional transfemoral angiography) demonstrates
multifocal areas of smooth arterial tapering and alternating dilatation. Initial angiographic
studies may be normal in RCVS. Angiographic findings typically resolve within 90 days.%6
RCVS can be difficult to distinguish from primary angiitis of the central nervous system
(PACNS). The presence of recurrent thunderclap headaches; or the presence of a single
thunderclap headache combined with normal neuroimaging, borderzone ischemic strokes or
vasogenic edema suggestive of PRES, are highly specific for a diagnosis of RCVS.%6 The
recent RCVS2 score also has high accuracy for prediction of RCVS. In this score, the
variables that predict RCVS are: recurrent or single thunderclap headache, presence of a
trigger for vasoconstriction (drugs, postpartum state, orgasm), female sex, and subarachnoid
hemorrhage. Involvement of the intracranial internal carotid artery is a negative predictor for
RCVS.81

RCVS and PRES may co-occur: radiological feature of PRES has been reported in 9% of
patients with RCVS.82 Additionally, cases have been reported of women with clinico-
radiological features of RCVS overlapping with PRES. In such cases, imaging shows
posterior white and often gray matter change consistent with vasogenic cerebral edema, or
segmental narrowing and dilation of large and medium-sized cerebral arteries, the findings
typical of RCVS."0

RCVS is best managed conservatively, with discontinuation of the offending agent;
symptomatic treatment for headache and agitation; bed rest and stool softeners to avoid the
Valsalva maneuver; and avoidance of physical exertion. Antiplatelets are not recommended.
BP should be allowed to autorregulate, and BP drops avoided. Calcium channel blockers can
be used for headache relief although they are often administered to treat the ‘vasospasm’.
Logically, patients should avoid exposure to precipitants of the disease as far as possible
however there is no evidence that re-exposure precipitates RCVS.%2:69 There is no role for
the use of glucocorticoids in RCV'S, which can lead to worse clinical outcomes.83

The outcome in RCVS is favorable, with > 90% of patients having no disability. However,
less than 5% have an aggressive course, with progression of vasospasm, severe neurological
disability or death. This might be more common in post-partum RCVS.7>:84.85 Recurrent
RCVS (thunderclap headache, but without any focal deficits) has been reported in up to
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5.8% of patients; post-partum RVCS was reported to occur after a subsequent delivery in 9%
of patients.86

Cerebral Venous Sinus Thrombosis

CVST is an uncommon cerebrovascular disease characterized by thrombosis of the dural
sinuses and cerebral veins, with resultant venous congestion, focal cerebral edema, and
ultimately hemorrhagic venous infarctions. CVST accounts for 0.5-1% of all strokes.8”
CVST is most commonly seen in patients below the age of 50, and 75% are women.88 The
most common risk factor is oral contraceptive use (54%). Genetic and acquired
thrombopbhilias are seen in 34%. Other conditions include malignancy, hematologic
disorders, pregnancy in 6.3%, puerperium in 13.8%, and infections. 44% of patients may
have a combination of risk factors.88 Obstetrical CVST is most commonly associated with
hypertension, cesarean delivery and infection.29 A recent case-control study showed that the
risk of gestational CVST is mostly attributable to the puerperium, with an aOR for CVST of
18.7 (95% ClI, 8/3-41.9) during the first 6 weeks post-delivery, as opposed to aOR of 1.2
(95% Cl, 0.6-2.3) during pregnancy.8®

The most common presenting symptoms include headache (88%),90-92 seizures (40%),
papilledema (30%), visual loss, diplopia, fluctuating motor or sensory deficits, stupor and
coma.88 The disease affects most commonly the superior sagittal sinus (62%), the transverse

sinus (41-45%), straight sinus (18%), cortical veins (17%), and deep venous system (11%).
88

The diagnosis of CVST requires a high degree of clinical suspicion. Cerebral venous
imaging is required for diagnosis, preferably performed with CT venography and MR
venography. MRI susceptibility-weighted imaging is useful for the diagnosis of CVST,
especially for cortical vein thrombosis.?3 Indirect parenchymal signs may be seen in CVST,
which are most conspicuous on brain MRI. These vary from normal appearing parenchyma
to focal edema, cerebral hemorrhages, and increased or decreased water diffusivity.%4
(Figure 1)

The mainstay of treatment of CVST is clot dissolution with anticoagulation. In the acute
phase, unfractionated heparin or low-molecular-weight heparin are recommended, followed
by oral anticoagulation with warfarin or dabigatran for at least 3-6 months.%> The duration
of anticoagulation depends on the underlying condition. Anticoagulation is considered safe
in the presence of intracranial hemorrhage. However, in the peri-partum period this may be
complicated by risk of bleeding post-delivery or cesarean surgery. Because of its safety
profile, warfarin and direct acting oral anticoagulants should be avoided during pregnancy.
After delivery women may be transitioned from low molecular weight heparin to warfarin,
even if nursing. Direct acting oral anticoagulants are not considered safe to use while
breastfeeding.9® Thrombectomy is not routinely performed in CVST and has not shown to
improve clinical outcomes when compared to medical management. (Table 1)

CVST is usually a benign condition, whereby 87% of patients will have none to mild
deficits. Death occurs in 8.3%.88:9 Recurrent CVST is uncommon (2.2%), and recurrent
venous thromboembolic disease in recurrent pregnancies is infrequent.® Seizures can occur
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in 10.6% of patients. Any venous thromboembolic event can occur in 5.8% of patients,
especially in the first year after CVST. Severe headaches can unfortunately persist after
CVST in 14% of cases.88

Hemorrhagic Stroke (Table 1)

Pregnancy increases the risk for hemorrhagic much more than for ischemic stroke, with
relative risk 2.5 during pregnancy and 28.5 post-partum.100 Hemorrhagic stroke is an
important cause of maternal and fetal pregnancy-related mortality.” The major established
causes of pregnancy-related cerebral hemorrhage are preeclampsia-eclampsia, followed by
arteriovenous malformations and aneurysms. The risk of aneurysmal rupture increases with
gestational age, peaking at 30—34 weeks. A recent study showed an increase in the incidence
of spontaneous subarachnoid hemorrhages during pregnancy in the US from 2002 to 2014,
with the greatest increase affecting African-American pregnant women.101 Cerebral
aneurysmal rupture during pregnancy is associated with high maternal (35%) and fetal
(17%) mortality.102 If a ruptured aneurysm is left unsecured surgically, there is a very high
rate of recurrent hemorrhage and maternal and fetal mortality, 63% and 27%, respectively.
These mortalities were lowered to 11% and 5%, respectively, by early surgery.192 Thus, if
aneurysmal subarachnoid hemorrhage occurs during pregnancy, then surgical control of the
aneurysm should be performed immediately during pregnancy, when possible.103 If urgent
obstetric issues prevent immediate neurosurgery, then urgent cesarean delivery is
recommended, followed by surgical control of the cerebral aneurysm. There is increased risk
of aneurysmal rupture near term. Therefore, it is recommended that unruptured aneurysms at
significant risk of rupture be secured before pregnancy, when possible.

Hemorrhage is the most common presenting manifestation of arterio-venous malformations
(AVM), followed by seizures or focal neurologic deficits. Whether AVMs bleed more during
pregnancy has been debated. A study from 1990 showed an annual rate of hemorrhage of
3.5% in women with AVM and no prior hemorrhage, and 5.8% in those with prior
hemorrhage, with no increase secondary to pregnancy.1%4 However, when considering the
daily risk of rupture, there was a several-fold increase in risk on the day of delivery.105.106
More recent studies have shown an increase in the rate of intracranial hemorrhage in women
during pregnancy and puerperium. A retrospective Chinese study of 264 women with AVM
showed an annualized rate of AVM rupture and hemorrhage of 5.59% in pregnant women as
compared to 2.52% in non-pregnant women (p=0.002).197 Similar results were seen in an
American retrospective cohort of 270 women, showing an annual hemorrhage rate of 5.7%
in pregnant women versus 1.3% in nonpregnant women (P<0.001).108 Further, AVM
bleeding during pregnancy is associated with a higher rebleeding rate than in non-pregnant
women (26% vs 6%, respectively).

Regarding management of AVMs in pregnancy, based on the above considerations, expert
recommendation are that 1) if a woman with known AVM anticipates pregnancy, the AVM
should be treated before pregnancy, 2) if an AVM is discovered during pregnancy and has
not bled during the pregnancy, then conservative observation is usually recommended with
plans to proceed to definitive treatment after delivery, 3) if an AVM bleeds during
pregnancy, then consideration should be given to treatment during the pregnancy, taking into
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account the grade of the lesion and the expected timing of benefit in lowering risk
(immediate for low grade lesions amenable to complete surgical excision or embolization)
but delayed by 1-3 years for higher grade lesions requiring radiosurgery and combination
therapies.109 Cesarean delivery is usually favored over vaginal delivery due to higher rates of
hemorrhage on the day of delivery.

Blood pressure control is key to the acute management of patients with hemorrhagic stroke,
irrespective of its etiology. This allows for reduction of hematoma growth. However, this
must be balanced against the competing concern for severe hypotension, which can promote
placental hypoperfusion.110

Cervical Artery Dissection (CAD)

It is not completely understood if gestation and delivery can be complicated by cervical
artery dissection, especially for women undergoing vaginal delivery, and if CAD can lead to
pregnancy-associated stroke. To address this question, a recent case control study showed
that pregnancy may be accompanied by a higher risk of CAD (incidence RR 2.2, 95% CI
1.3-3.5). This risk was particularly high during the post-partum period, on average 21 days
after delivery, but not during the pre-partum period. Of the patients developing CAD during
pregnancy, 45% had HDP.111

Management of Stroke in Pregnancy

Acute Ischemic Stroke Management (Table 1)

For patients presenting with acute focal neurological deficits concerning for cerebrovascular
disease, neuroimaging should be obtained expeditiously. Non-contrast head computerized
tomography (CT), the initial imaging modality of choice, can be performed with abdominal
shielding to protect the developing fetus. Non-contrast brain magnetic resonance imaging
(MRI) is also considered safe during pregnancy. For vascular imaging, CT angiogram of the
head and neck and or/CT venography can be safely performed with iodinated contrast,
which does not cross the placenta. Head and neck MRA can be performed with time-of-
flight techniques, which also do not require contrast. However, gadolinium-based MR
contrast should not be administered to pregnant patients because it may cross the placenta
and deposit in fetal tissues.112

For non-pregnant patients with acute ischemic stroke, early thrombolytic therapy and
endovascular clot retrieval are the recommended hyperacute therapies to improve long term
clinical outcomes. However, these therapies have not been studied in randomized trials
involving pregnant women. Further, this therapy is often withheld in many women given
concerns for life-threatening maternal and placental hemorrhages, including risk of fetal
demise. The most widespread used thrombolytic, tissue plasminogen activator, does not
cross the placenta and therefore, does not cause direct fetal harm. There have been numerous
case reports and small case series of use of thrombolytic therapy for arterial ischemic stroke
and other systemic indications, without clear evidence of harm or benefit.113 A recent study
sought to address this question. Using data from the AHA Get with the Guidelines Registry,
the authors compared 338 pregnant or post-partum women to 24303 women, all acute
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ischemic stroke sufferers who received reperfusion therapy (intravenous thrombolytic or
catheter-based thrombolysis/clot retrieval). Pregnant women were less likely to receive
intravenous thrombolysis than the non-pregnant women, but the overall rates of reperfusion
therapy were similar between the two groups. Furthermore, patients in both groups had
similar rates of discharge to home. There was a non-significant trend of increased rates of
symptomatic intracranial hemorrhage in pregnant women who received intravenous
thrombolysis as compared to non-pregnant women. Fetal outcomes were not reported in this
study. However, this study did show that it may be reasonable to offer reperfusion to
pregnant/post-partum women who suffered an ischemic stroke. Intra-arterial therapy is an
especially interesting approach to acute stroke management in this population.114 A
subsequent smaller study reported on 34 patients from the literature who received
thrombolytic therapy for acute stroke: most of the cases reported favorable maternal and
fetal outcomes.115

A multi-center case series of seven patients with acute ischemic stroke during pregnancy
who received acute endovascular therapy showed promising results, with successful
revascularization in all cases, no symptomatic hemorrhages, favorable NIHSS scores at
discharge, and good outcomes at 3 months.116

The timing of delivery for women who have suffered a stroke during pregnancy is
determined by the severity of the mother’s medical condition and fetal stability. For women
who suffer a stroke at < 24 weeks’ gestation, decisions regarding continuing pregnancy
versus therapeutic termination rely on the clinical state of the patient and the need for use of
thrombolysis, which can increase the risk of fetal loss. For women who suffer a stroke at 24—
32 weeks’ gestation, antenatal glucocorticoids may be given to accelerate fetal lung
maturation. If mother and fetus are clinically stable, then pregnancy may be continued,
aiming for controlled induction at 34—39 weeks gestation. Cesarean section should be
avoided if possible.113117 |n regards to antithrombotic management, heparinoids should be
discontinued 24 hours before induction and labor, and may be resumed 24 hours after
delivery.118

Secondary Stroke Prevention of Ischemic Stroke in Pregnancy/Puerperium

The choice of antithrombotic will be determined by the stroke mechanism and patient
preferences. Aspirin is by the far the most widely used antithrombotic for secondary stroke
prevention. It is deemed safe for use in the second and third trimesters for fetus and mother.
In the first trimester, however, aspirin use has been reported to have an association with
increased incidence of fetal gastroschisis and other fetal malformations.®6 Other studies and
metanalyses of aspirin use for prevention of preeclampsia even before 11 weeks do not
support the same findings. A large meta-analysis of studies of antiplatelets use in women at
high risk for preeclampsia showed safety of antiplatelets without adverse fetal outcomes,
increase in fetal systemic or intracranial hemorrhages, adverse effects on fetal weight, and
with more favorable maternal outcomes.119 The safety of other antiplatelets during
pregnancy has not been established in clinical trials.

Obstet Gynecol Clin North Am. Author manuscript; available in PMC 2022 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Camargo and Singhal Page 15

Regarding anticoagulants, warfarin is contraindicated in pregnancy due to its teratogenic
effects and risk for fetal hemorrhages. It should be avoided in early pregnancy, and if at all
also throughout the entire pregnancy because it may also cause central nervous system
abnormalities in the 2"d and 3" trimesters. Preference should be given to heparins.
Unfractionated heparin (UFH) and low molecular heparins (LMWH) do not cross the
placenta, although UFH can increase the risk of maternal thrombocytopenia and
osteoporosis. The novel oral anticoagulants should not be used during pregnancy given their
uncertain safety profile. Post-delivery, nursing mothers may continue to take low dose
aspirin, warfarin, UFH and LMWH. However, novel oral anticoagulants are not
recommended.12096

Statins are often used for secondary prevention of ischemic stroke. There is currently
insufficient data to assess the safety of statins during pregnancy.12! Furthermore, statins are
classified as category X by the US Food and Drug Administration. Therefore, they should be
avoided during gestation.

Importance of Multi-Disciplinary Care

A multidisciplinary collaboration in the care of the pregnant patient with stroke is key to
success. In the emergency setting, healthcare providers should be well versed in the
diagnosis and management of headaches associated with cerebrovascular diseases in
pregnancy. In the emergency department, systems of care should be in place and readily
activated in the case of an acute stroke syndrome. For success of such treatments, teams
should include emergency medicine practitioners, neurologists, neuroradiologists, neuro-
interventional radiologists and anesthesiologists, among others. The guidance of high-risk
obstetricians is important for management decisions regarding thrombolysis and
thrombectomy for acute ischemic stroke. After a stroke, patients benefit from care in highly
specialized stroke units, which have been shown to improve outcomes when compared to
standard inpatient care. In such units, stroke-specific care is offered by stroke neurologists
and nurses, and patients receive specialized therapy for post-stroke recovery from physical
and occupational therapist, and speech and language pathologists.

Hematologists may be involved when coagulation dyscrasias are identified. Interventional
cardiologists may be consulted when cardiac procedures are required to reduce the risk of
subsequent stroke. After a stroke, collaborations with social workers are important to
facilitate transitions into the community. In certain cases, vocational counselors may help
guide professional transitions into the community.

Stroke Outcomes
Morbidity and Mortality

Stroke morbidity is determined by the type of stroke, its severity, and therapies received for
early management and secondary prevention. Mortality rates for stroke in pregnancy are
reported at 2.7 to 20.4%.19 Mortality related to acute stroke during pregnancy was almost
385 times higher than that of pregnant women without acute stroke in one study.® While
previous studies had not shown a significant decrease in stroke-related mortality, a recent
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study of the National Inpatient Sample showed that the rates of in-hospital mortality for
acute stroke during pregnancy and puerperium declined from 5.5% in 2007 to 2.7% in 2015,
despite unchanged rates of acute stroke during that period. Independent predictors of in-
house stroke-related mortality included age = 40 years, black or Asian race, hemorrhagic
stroke, anemia, heart failure, preeclampsia/eclampsia, gestational diabetes, and cesarean
delivery.?

Risk of Recurrent Stroke

For women of child-bearing age who have a stroke or VST, the risk of a recurrent stroke
during pregnancy is not substantially high. A study of 441 women with a first ever stroke
followed for 5 years showed that only 13 strokes occurred in that time; only two strokes
occurred during pregnancy/puerperium. Puerperium was the period of highest risk for an
obstetrical ischemic stroke. Therefore, having had a previous ischemic stroke should not
preclude women of child-bearing age to seek pregnancy.122 A subsequent study of 252
women with pregnancy-associated stroke confirmed that the risk of recurrent stroke or
venous thrombosis during a subsequent pregnancy is low (2%).123 However, women with
prior stroke who become pregnant appear to have a significantly higher risk of miscarriages,
fetal loss, and pregnancy complications than pregnant women without prior stroke. These
studies did not determine the cause of this association, although it is postulated that the
underlying etiology of the index stroke could impact fertility, such as in patients with
antiphospholipid syndrome or other hypercoagulable states.124
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Synopsis

Pregnancy confers a substantially increased risk of stroke, especially during the 3"
trimester and until 6 weeks post-partum. Hypertensive disorders of preghancy and
gestational hypercoagulability are important contributors to obstetrical stroke. Pre-
eclampsia and eclampsia confer risk for future cardiovascular disease. Hemorrhagic
stroke is the most common type of obstetrical stroke. Ischemic stroke can result from
cardiomyopathy, paradoxical embolism, posterior reversible encephalopathy, reversible
cerebral vasoconstriction syndrome, and dissections. Cerebral venous sinus thrombosis is
a frequent complication of pregnancy.
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Key Points

Pregnancy and puerperium confer a substantially increased risk of ischemic
and hemorrhagic stroke, with rates increasing approximately 60% from 2003—
2004 to 2015-2016. The period of highest risk is from the 3 trimester until 6
weeks post-partum, coinciding with the highest risk for hypertensive disorders
of pregnancy and the peak risk of gestational hypercoagulability.

Hemorrhagic stroke is the most common type of obstetrical stroke, most
commonly associated with hypertensive disorders of pregnancy. Additionally,
increased risk of rupture of arteriovenous malformations and cerebral
aneurysms during pregnancy contribute to hemorrhagic stroke.

Hypertensive disorders of pregnancy are among the most important
contributors to obstetrical stroke and may predispose women to premature
cardiovascular disease later in life. Common risk factors for pregnancy
associated stroke include older age, African American race, congenital and
acquired heart disease, pre-eclampsia/eclampsia, infection, diabetes, and c-
section.

Conditions associated with ischemic stroke in pregnancy include peripartum
cardiomyopathy, posterior reversible encephalopathy, reversible cerebral
vasoconstriction syndrome, cerebral venous sinus thrombosis, paradoxical
cardioembolism across a patent foramen ovale, and cervical arterial
dissection. Cerebral venous sinus thrombosis is a common complication.

Acute ischemic stroke therapies such as intravenous thrombolysis with tissue
plasminogen activator or endovascular clot retrieval appear safe during
pregnancy and should not be withheld.
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Figure 1.
Brain and vascular imaging findings in a 34-year primigravida at 14 weeks gestation,

presenting with right leg weakness for hours, followed by a focal motor seizure of the right
leg and arm that progressed to a generalized tonic-clonic seizure. (A) Brain magnetic
resonance imaging (MRI, fluid-attenuated inversion recovery (FLAIR) sequence) shows
cerebral edema in the left frontal lobe. (B) Susceptibility-weighted MRI shows hemorrhage
in the same region. (C) Magnetic resonance venography shows thrombo-occlusion in the
anterior portion of the superior sagittal sinus and decreased flow-related enhancement of
cortical veins overlying the left hemisphere. The patient was diagnosed with cerebral venous
sinus and cortical vein thrombosis. She received therapeutic anticoagulation with low-
molecular-weight heparin. A subsequent digital subtraction angiogram of the brain revealed
a dural arterial-venous fistula of the brain, with extensive arterial supply from the bilateral
occipital arteries and middle meningeal arteries (D, E). Because the patient was clinically
stable, treatment of the vascular malformation was postponed until after delivery.
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Table 1.

Key treatment points for stroke in pregnancy and puerperium.

Pregnancy-Associated Disease

T reatment

Gestational Hypertension

Blood pressure control to <140/85 mmHg, preferably with oral or intravenous labetalol, hydralazine, and
nicardipine.

Preeclampsia/Eclampsia

Prevention of pre-term preeclampsia: aspirin 150 mg daily from weeks 11-14 to week 36 of gestation.

Definitive treatment: delivery of the fetus and diseased placenta.

Avrterial Ischemic Stroke

Intravenous tissue plasminogen activator should be considered within 4.5 hours after symptom onset.

Mechanical thrombectomy should be offered to patients with large-vessel occlusion strokes.

Hemorrhagic Stroke

Treatment involves blood pressure control. Treatment of the underlying vascular lesion as appropriate.

Cerebral Venous Sinus Thrombosis

Treatment: unfractionated or low molecular weight heparin.
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