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Abstract

Stroke is a neurological emergency that carries a risk of morbidity and mortality. Recent studies
have shown that the incidence of stroke, while rare, is increasing in pregnant females. In this
review, stroke and other vasculopathies in the pregnant and post-partum female are examined. A
discussion of the symptoms and clinical presentation of stroke is provided, as well as the current
guideline for treatment of stroke in pregnancy. Finally, the data illustrating the recent increases in
stroke incidence is outlined.
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Stroke in Pregnancy and the Post-Partum Period

A cerebral stroke is a neurological emergency and is a major cause of disability and
mortality for women (1-2). The term “stroke” is used to indicate damage to the brain caused
by a vascular etiology. By definition, an ischemic stroke occurs when blood flow to the
brain is impaired and tissue dies. Causes of ischemic stroke include atherosclerotic disease,
embolisms, thrombi and hypotension. Hemorrhagic stroke occurs when a blood vessel
ruptures and tissue is damaged by the resulting spread of blood into the brain parenchyma.
Factors contributing to hemorrhagic stroke include hypertension, aneurysms, and arterio-
venous malformations. Increasing intracranial pressure due to edema and hemorrhage also
contribute to tissue damage.

As expected, stroke symptoms depend on the part of the brain affected by the insult.
Weakness, numbness, vision and speech abnormalities can all occur. Additionally, changes
in mental status can signal both ischemic and hemorrhagic infarctions. Although the overall
number of strokes in women of childbearing age is low, pregnant women and women in the
post-partum period are at an increased risk, due to a number of different factors that alter the
body’s cardiovascular hemodynamics and coagulation mechanisms.
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Ischemic Strokes

Much like non-pregnant women and men, the vast majority of strokes in pregnant women
are attributed to arterial occlusions from artery-to-artery thromboembolism, cardiac
embolism, and intracranial or extracranial atherothrombosis. Cervical artery dissection,
either of the carotid or vertebral arteries may lead to ischemic infarction, and can occur
during pregnancy. Ischemic cerebral infarction is the most common etiology of stroke in
older women and men and accounts for approximately 80% of all strokes (1). As expected,
ischemic infarctions due to any of the discussed etiologies, usually present with focal
neurological abnormalities, such as weakness, sensory changes and/or cranial nerve
abnormalities (Table 1). Symptoms which resolve within 24 hours are classified as a
transient ischemic attack or TIA. TIAs are clinically important, as 15% of strokes are
preceded by a TIA (3).

Cerebral venous thrombosis (CVT) is a also a significant cause of stroke in pregnancy,
mainly due to hypercoagulability, such as venous stasis (Figure 1). CVT is a diagnosis not to
be missed, as it can result in both venous ischemic and hemorrhagic infarctions. The
hemorrhage arises from the venous congestion as a result of backflow of blood from the
occlusion of a major sinus. CVT often presents as a severe headache with symptoms of
increased intracranial pressure, such as nausea and vomiting. Frequently, papilledema is
present on physical exam. The standard treatment of CVT is anticoagulation, which can be a
difficult issue when there is hemorrhagic conversion of a venous infarct. There are
interventional options, such as mechanical thrombectomy, which may pose significant risk,
but are often used in the setting of severe hemorrhagic infarcts.

Diagnosis of arterial and venous infarctions is made based on clinical signs and radiographic
abnormalities. The question of performing radiographic imaging often weighs significantly
on the clinician’s mind due to concerns of exposing the developing fetus to radiation and/or
magnetic fields. However, in CT imaging of the maternal head, exposure of the fetus to
radiation is especially low (4). A stroke workup, including initial head CT to eliminate the
possibility of hemorrhagic infarction, should be performed in pregnant women in most
cases. An MRI of the brain without contrast is performed since gadolinium is known to
cross the placenta, although the effects on the placenta are not known. An MRI of the brain
is utilized to determine the location and extent of the stroke and provides evidence as to the
acuity, and at times, the etiology of the infarction. Embolic infarcts demonstrate multiple
foci that could be localized to one vascular territory, as in artery-to-artery embolus from a
carotid or vertebral source. Or, if the infarcts are located in more than one vascular territory
(anterior and posterior vessels), and are of different ages, a cardioembolic source may be
most likely. Certain sequences of the MRI aid in assessment of the timing of the ischemia,
such as the diffusion weighted images (DWI1). Within minutes of infarction, water diffusion
is restricted in the affected brain regions, which is visible as hyperintense areas on DWI.
This is used to differentiate newly infarcted areas of brain from areas of remote infarction
and proves to be a valuable resource in determining a time course for infarction.

Hemorrhagic Strokes

Hemorrhagic stroke also affects pregnant women. Subarachnoid hemorrhage (SAH), in
which blood collects beneath the arachnoid mater, the tissue covering the brain, usually
presents with intense headache (“worst headache of my life”). Other symptoms that may or
may not be present include neck stiffness, decreased consciousness, seizures, nausea,
vomiting and focal neurological abnormalities. Usually, SAHs are due to ruptured
aneurysms or arterio-venous malformations, but can also be due to traumatic injuries.
Uninfused head CT is the imaging modality of choice if SAH is suspected. Lumbar puncture
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to evaluate for xanthochromia can be useful if the CT shows no detectable subarachnoid
blood, yet the suspicion for SAH is very high.

Treatment of Acute Stroke

An algorithm for evaluating the pregnant woman with acute stroke symptoms is provided in
Figure 2. Recombinant tissue plasminogen activator (rtPA) is a drug that lyses clot when
given intravenously or intra-arterially to patients with acute ischemic stroke and is given
routinely across the Unites States in patients presenting with an acute stroke. Randomized
clinical trial evidence demonstrated that if rtPA is administered within 3 to 4.5 hours of
ischemic stroke onset in nonpregnant patients, this drug decreases the risk of mortality and
improves outcome at 90 days poststroke compared with placebo (5). However, there is an
approximate 6% risk of hemorrhage, and this risk increases with administration greater than
3 h after onset of the stroke symptoms (5). In addition, there are devices that have been
approved for mechanical thrombectomy, such as the Merci device (6) or the Penumbra
device (7). In some cases, intra-arterial rtPA can be combined with mechanical
thrombectomy. Patients tend to have optimal outcomes if the method that is used leads to
partial or complete recanalization of the occluded artery in selected patients.

There are no clinical trials to evaluate the use of recombinant tissue plasminogen activator in
pregnant women with acute stroke; however, it does not cross the placenta and there has
been no evidence of teratogenicity in animal studies (8). It is listed as a category C drug and
pregnancy is considered a relative contraindication for administration, but there are multiple
case reports of successful use in pregnant women (9-13). As with all medications used in
pregnant women, risks and benefits should be carefully weighed, but it appears that
recombinant tissue plasminogen activator can be used both intravenously and intra-arterially
in pregnancy with positive outcomes. There are no published cases of pregnant women
receiving mechanical thrombectomy in the literature. However, the risk of systemic
bleeding, and thus obstetric bleeding may be lower with mechanical thrombectomy and thus
cause less risk to the patient and her unborn child.

Secondary Stroke Prevention in Pregnant Women

A transthoracic echocardiogram (TTE) should be performed to evaluate for cardioembolic
sources of infarction. An agitated saline injection performed during the TTE, known as the
bubble study, is utilized to evaluate for a right to left cardiac shunt, such as a patient
foramen ovale. In the setting of a lower extremity deep vein thrombosis, a right to left
cardiac shunt can result in a cerebral infarction. Thus, should the patient show evidence of a
shunt on TTE with bubble study, lower extremity ultrasound should be performed.

Carotid ultrasound with transcranial Dopplers provides information on the hemodynamics of
extra and intracranial vessel segments. Both ultrasound examinations function as a screen
for carotid, vertebrobasilar, middle and anterior cerebral artery stenosis. However, in young
women, these ultrasounds may not adequately detect a vasculopathy, such as posterior
reversible encephalopathy syndrome (PRES) or reversible cerebral vasoconstriction
syndrome (RCVS), so direct arterial imaging with CT angiography, MR angiography or
catheter angiography should be considered if suspicion is high.

Risk stratification with fasting lipid panel, hemoglobin Alc and thyroid function should be
performed to evaluate for classic risk factors which increase the risk of stroke, such as
hyperlipidemia and diabetes. In some cases, a thrombophilia workup, with evaluation for
sickle cell disease, anti-phospholipid antibodies and protein C/S deficiencies, should be
pursued. Anti-phospholipid antibodies, including lupus anticoagulant, anti-cardiolipin
antibodies and anti-p2-glycoprotein-1 antibodies are associated with an increased risk of
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both arterial and venous thromboembolism and stroke (14). Additionally, women with
antiphospholipid antibody syndrome (APS) are at an increased risk for fetal loss, which is
believed to be secondary to antiphospholipid antibody binding to trophoblast cells, leading
to faulty placentation (15). The current consensus guidelines recommend treating women
with recurrent pregnancy loss, antiphospholipid antibodies and no history of thrombosis
with low-dose aspirin in combination with prophylactic or intermediate-dose unfractionated
heparin or prophylactic dose low molecular weight heparin, administered in the antepartum
period (16). Unfortunately, these studies are often falsely positive during pregnancy and
evaluation is postponed until several weeks post-partum. Pregnancy does not influence a
genetic thrombophilia panel and this should be ordered in all pregnant women presenting
with stroke. Most commercially available panels test for common mutations resulting in
factor V deficiency (factor V Leiden mutation), antithrombin deficiency, factor VIII excess,
hyperhomocysteinemia, protein C and S deficiency and prothrombin 20210 mutation.

Non-pregnant women and men are treated with anti-platelet therapy following stroke for
secondary stroke prevention, providing that no contraindications are present and there is no
need for anticoagulation. Regular dose aspirin should not be used during pregnancy because
of the risk of maternal and fetal bleeding, oligohydramnios, and premature closure of the
ductus arteriosus (17).

Several meta-analyses have shown that low-dose aspirin (60-80 mg/day) can be used safely
in select populations of pregnant women. A meta-analysis in 2002 showed no overall
increase in risk of congenital malformations associated with aspirin, but determined that
there may be an association between aspirin use in the first trimester and gastroschisis (17).
However, a subsequent meta-analysis study in 2003 failed to find any increased risk
associated with aspirin, including placental abruption, fetal intraventricular hemorrhage or
congenital malformations (18). Notably, a recent meta-analysis suggests that low-dose
aspirin is beneficial in preventing preeclampsia when started earlier than 16 weeks’
gestation, but not when initiated after 16 weeks (19). In that study, early treatment with
aspirin also resulted in a decrease in gestational hypertension and preterm birth.

Secondary to the limited data, current recommendations for stroke prevention in pregnant
women are similar to those recommended for thromboprophylaxis for venous
thromboembolism. According to the American Heart Association/American Stroke
Association guidelines, women at increased risk of stroke in whom antiplatelet therapy
would likely be considered outside of pregnancy, may be considered for unfractionated
heparin (UFH) or low-molecular-weight heparin (LMWH) during the first trimester,
followed by low-dose aspirin in the second and third trimesters (20).

Other Vasculopathies Affecting Pregnant Women

Pre-eclampsia is defined as new-onset hypertension and proteinuria and can be further
classified as with mild or severe. Eclampsia is the development of seizures in a patient with
pre-eclampsia. Gestational hypertension is described as systolic blood pressure = 140 mm
Hg or diastolic blood pressure = 90 mm Hg without proteinuria. Approximately 8% to 12%
of all pregnancies are affected by a hypertensive disorder. Preeclampsia and eclampsia have
been shown to be independent risk factors in the development of stoke during pregnancy. A
2005 analysis of the Nationwide Inpatient Sample database showed that preeclampsia was
associated with a four-fold increase in stroke during pregnancy (21). Females who develop
hypertensive disorders during pregnancy are also at a higher risk for development of chronic
hypertension and strokes later in life.

Postpartum angiopathy is a unique condition associated with pregnancy which is associated
with the reversible cerebral vasoconstriction syndromes or RCVS (22). While the
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pathophysiology is thought to be similar to RCVS, postpartum angiopathy is not confined to
patients with history of preeclampsia or eclampsia and mostly occurs in patients who had
uncomplicated pregnancies and deliveries with no history of hypertension. Symptoms
include thunderclap headache, vomiting, altered mental status and/or focal neurologic
deficits. Onset of symptoms classically occur about 5 days after delivery. The neurological
symptoms may be transient or may be a result of ischemic stroke or cerebral hemorrhage
(22. Diagnosis is made with angiography, which demonstrates multifocal segmental
narrowing in the large and medium-sized cerebral arteries, which is often confused with
vasculitis. By definition, the process is generally self-limited, with resolution of
angiographic abnormalities within 4—-6 weeks and typically complete resolution of
symptoms (22). It is worth noting, however, that due to its link with ischemic and
hemorrhagic infarction, there is a risk of both of morbidity and mortality.

Posterior reversible encephalopathy syndrome (PRES), also referred to as reversible
posterior leukoencephalopathy syndrome (RPLYS), is associated with reversible vasogenic
subcortical edema, typically in the parietal and occipital lobes. Clinical symptoms of PRES
include headache, seizure, visual symptoms and global encephalopathy. This vasculopathy
can be triggered by hypertensive emergency, exposure to immunosuppressives and
preeclampsia/eclampsia (23). Diagnosis is made by clinical symptoms in combination with
findings of vasogenic subcortical edema on MRI. Clinical recovery usually occurs within
days, with resolution of MRI abnormalities occurring in the range of days to weeks (23).

Incidence and Mortality of Stroke in Pregnancy

Recent data show that in the United States, the incidence of stroke in pregnancy is
increasing. In 2011, Kuklina et al. published research that analyzed hospital discharge data
from the Nationwide Inpatient Sample of the Healthcare Cost and Utilization Project, which
is the largest nationwide all-payer hospital in-patient care database available in the United
States (24). Between 1994-1995 to 2006—2007, the rates of antenatal and postpartum
hospitalizations for stroke increased by 47% and 83%, respectively. The rate of a diagnosis
of stroke during the delivery hospitalization remained the same throughout the time period
studied. Specifically, the rates of transient ischemic attacks, CVTs and unspecified strokes
were increased in the antenatal hospitalizations and hemorrhagic stroke, CVT and ischemic
stroke diagnoses were increased in the postpartum hospitalization group (24). Women with
concomitant diagnoses of hypertension and heart disease were more likely to also be
diagnosed with a stroke of any type. This association was so strong, that when the authors
corrected for hypertension and heart disease in a logistic regression model, the increase in
stroke rates from 1994-1995 to 2006—2007 dissipated.

Summarizing the incidence from multiple studies, the rate of stroke is estimated to be 25-34
cases per 100,000 deliveries, whereas the incidence of stroke in non-pregnant woman aged
15-44 years of age is 11 per 100,000 women (21, 25-31). Although a small percentage of
pregnant women are diagnosed with stroke, it accounts for 12% of maternal deaths (21) and
contributes to significant fetal morbidity and mortality.

Risk Factors for Pregnancy-Related Stroke

As indicated in the aforementioned study by Kuklina et al, hypertensive disorders have been
implicated to play a role in stroke in pregnancy. Other studies have shown similar results
(21, 25, 28, 30-31). Hypertension is touted by stroke neurologists to be the #1 preventable
stroke risk factor, and this is no exception in the pregnant female. Hypertension in
pregnancy can be pre-existing, gestational or secondary to pre-eclampsia or eclampsia.
Compared with women without hypertension, women with hypertension complicating
pregnancy are six- to nine-fold more likely to have stroke (27-28). Other risk factors
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associated with pregnancy-related stroke include hypertension, diabetes, valvular heart
disease, hypercoagulable disorders, sickle cell disease, lupus, abuse of tobacco and other
substances, and migraines 21, 28). Complications of pregnancy, labor and delivery have also
been associated with increased risk of stroke, including hyperemesis gravidarum, anemia,
thrombocytopenia, postpartum hemorrhage, transfusion, fluid, electrolyte and acid-base
disorders, and infection (21, 28). Age greater than 35 years increased the odds of stroke
twofold, and African—American race-ethnicity increased the odds of stroke by 1.5-fold (21).

Cesarean delivery has been associated with peripartum stroke, although a causal relationship
has not been well established (32). Historically, cesarean delivery has been recommended
for women with ICH, particularly recent subarachnoid hemorrhage, untreated ruptured
arteriovenous malformation (AVM) or unclipped ruptured aneurysm, to circumvent
potential risks during labor and delivery (33). However, studies suggest that outcomes of
vaginal and cesarean delivery are probably equivalent after ICH (34-35).

Although CVT occurs due to thrombosis of the sinuses, cerebral veins or jugular veins, and
ischemic stroke occurs as a result of an arterial thrombosis or hemodynamic cause, there is
quite a bit of overlap in the risk factors for both types of strokes during pregnancy. The
primary causes for both types of strokes are thought to be influenced by the prothrombotic
state of pregnancy itself, often in the setting of dehydration or an underlying predisposition
for thrombopbhilia (36). The physiologic changes during pregnancy that may lead to arterial
or venous thrombo embolism include decreases in circulating antithrombaotic factors, venous
stasis or sudden reduction in blood volume after delivery (36).

Pregnancy Factors that Can Influence Stroke Risk

Hemodynamic Factors

During pregnancy, the body’s total volume of water increases, beginning about 10 weeks
after gestation. Throughout the preganancy, a female has about 50% increase in total body
water, which begins to decline 2 weeks postpartum. Furthermore, cardiac output, stroke
volume and heart rate all increase due to increased demand from the fetus and placenta and
the chronic hypervolemic state. Blood pressure is decreased secondary to decreased
systemic vascular resistance. Venous compliance increases throughout pregnancy, which
steers the body towards decreased blood flow and increased venous stasis. Thus,
physiological changes during pregnancy predispose to a state of hypervolemia, increased
circulatory demands, decreased blood pressure and increased venous stasis, thereby
changing the hemodynamic landscape (37).

Changes in coagulability

Physiological changes during pregnancy are believed to shift the balance towards a more
hypercoagable state. As the pregnancy approaches term, many of the clotting factors
increase, including procoagulant factors I, VII, VIII, IX, X, XII, and XIII (38). This is likely
in expectation of the displacement of the placenta with subsequent release of prothrombotic
factors to prevent hemorrhage (38). These changes in prothrombotic factors are greatest in
the third trimester and return to baseline at three weeks postpartum.

Connective Tissue Changes

Several studies in animal models have suggested that cerebral arterial architecture changes
during pregnancy (39-40), leading to decreased collagen, elasticity and distensibility. It is
unclear how these changes translate to humans, but in the setting of hypervolemia and
increased cardiac demands, the cerebral arteries may not be able to compensate, leading to
theoretical increased risk of hemorrhagic infarctions (41).

Clin Obstet Gynecol. Author manuscript; available in PMC 2014 June 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Grear and Bushnell

In
an

Page 7

summary, stroke during pregnancy is rare, but the incidence is increasing, perhaps due to
increase in hypertension in young women before and during the child-bearing years.

Therefore, identification of risk factors for stroke during pregnancy is critical in order to
prevent this rare, and often devastating condition.
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Figure 1.
Superior sagittal thrombosis on MR venography (left). Normal MR venography on right.
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Evaluate for DVT if positive
for shunt

Consider CTA if high clinical
suspicion

Hemoglobin Alc, TSH, Lipid
Profile

Thombophilia Genotype
Panel only during pregnancy,
others tests evaluated> 6
weeks post-partum

Unfractionated heparin or low molecular weight
heparin can be considered for use in first
trimester

Figure 2.

Algorithm for stroke evaluation and management in the pregnant female. Recommendations
for anti-platelet use are from the American Heart Association/American Stroke Association
guidelines (20).
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Table 1

Localization of stroke symptoms by vascular territory

Vessel

Symptoms

Middle Cerebral Artery

Contralateral face, arm and leg weakness
Contralateral sensory loss

Aphasia

Ipsilateral gaze deviation

Anterior Cerebral Artery

Contralateral leg weakness and sensory loss
Apraxia

Posterior Cerebral Artery

Contralateral sensory loss
Cognitive dysfunction
Contralateral homonomous hemianopsia

Posterior Inferior Cerebellar Artery

Decreased pain/temperature on ipsilateral face
Decreased pain/temperature on contralateral arm/leg
Horner’s syndrome

Vertigo

Dysconjugate gaze/nystagmus

Gait, trunk, and limb ataxia

Anterior Inferior Cerebellar Artery

Ipsilateral facial weakness, ataxia, deafness
Contralateral arm/leg sensory loss

Superior Cerebellar Artery

Diplopia
Ataxia
Contralateral arm/leg sensory loss

Basilar Artery & Basilar perforators

Cognitive dysfunction
Weakness

Cranial nerve palsies
Ataxia

Lacunar - Internal Capsule, Corona Radiata

Contralateral motor hemiparesis

Lacunar — Thalamus

Contralateral sensory loss

Lacunar - Thalamocapsular

Contralateral motor hemiparesis and sensory loss

Lacunar — Basis pontis, thalamocapsular, corona radiate

Ipsilateral hemiataxia and hemiparesis

Lacunar — Basis pontis

Clumsy Hand/Dysarthria
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