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Abstract
Stroke, the sudden onset of brain dysfunction from a vascular cause, is one of the most common
causes of long-term disability. Although rare during childbearing years, stroke is even more
devastating when it occurs in a young woman trying to start a family. Pregnancy and the
postpartum period are associated with an increased risk of ischemic stroke and intracerebral
hemorrhage, although the incidence estimates have varied. There are several causes of stroke that
are in fact unique to pregnancy and the postpartum period, such as preeclampsia and eclampsia,
amniotic fluid embolus, postpartum angiopathy and postpartum cardiomyopathy. Data regarding
these individual entities are scant. Most concerning is the lack of data regarding both prevention
and acute management of pregnancy-related stroke. The purpose of this article is to summarize
existing data regarding incidence, risk factors and potential etiologies, as well as treatment
strategies for stroke in pregnancy.
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Epidemiology of stroke in pregnancy
Pregnancy and the postpartum period are associated with an increased risk of stroke and
cerebral hemorrhage. However, among the small number of investigations on this topic,
estimates of both incidence and risk of stroke in pregnancy have varied greatly. The data
from these studies are summarized in Table 1. There have been several population-based
studies that have used variable inclusion criteria. One study using data from 46 hospitals in
the Baltimore–Washington DC (USA) area concluded that the risk of ischemic stroke and
intracerebral hemorrhage (ICH) were increased in the postpartum period, but not during
pregnancy, with a relative risk of ischemic stroke of 8.7 and 28.3 for ICH [1]. They also
found an attributable or excess risk of 8.1 strokes per 100,000 pregnancies. Two subsequent
studies utilized data from the National Hospital Discharge Survey, with the first limiting
cerebrovascular events to the hospitalization of delivery [2], and the second inclusive of
antepartum and postpartum events [3]. The study focused on hospitalization found an
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incidence of 10.3 strokes (including ICH) and 8.9 cerebral venous thromboses (CVT) per
100,000 deliveries [2]. However, when antepartum and postpartum data were included, the
incidence was 17.7 per 100,000 for strokes and 11.4 per 100,000 for CVT [3]. A third study
by the same authors utilized the Nationwide Inpatient Sample from the years 1993 to 1994
and again restricted events to the hospitalization of delivery, with an incidence of 13.1
strokes and 11.6 CVT per 100,000 deliveries [4]. All three of these studies were somewhat
limited by the use of the nonspecific ninth edition of the International Classification of
Diseases (ICD-9) code 674.0 for ‘cerebrovascular disorders in the puerperium’, which
includes subarachnoid hemorrhage, ICH and acute but ill-defined cerebrovascular diseases,
as well as occlusions of the cerebral arteries that may or may not be associated with stroke.
Another study using more recent data from the Nationwide Inpatient Sample from 2000 to
2001 found an overall incidence of 34.2 strokes per 100,000 deliveries, which included both
ischemic and hemorrhagic events [5]. Compared with an incidence of 10.7 strokes per
100,000 woman-years among nonpregnant women of comparable age, this showed a
threefold increase in pregnancy [6]. Finally, a third US study analyzed data from the
Nationwide Inpatient Sample focused specifically on ICH, and found an incidence of 6.1 per
100,000 deliveries or 7.1 per 100,000 at-risk person-years [7]. For all age groups of pregnant
women, the rate of hemorrhage was higher in the postpartum period than antepartum period
or the control group. This corroborated findings from other studies that found the risk of
ICH to be highest in the postpartum period [1,8]. However, it is important to highlight that
different etiologies of hemorrhagic stroke vary in terms of onset. For example, in one study,
92% of hemorrhages due to rupture of a cerebrovascular malformation occurred antepartum
[9].

Several studies from outside the USA have also utilized population-based or hospital-based
samples to investigate the incidence of pregnancy-related stroke. In the Ile de France region,
the incidence was 4.3 ischemic strokes and 4.6 ICHs (excluding subarachnoid hemorrhage)
per 100,000 deliveries [8]. This study was somewhat limited by the definition of stroke as
‘rapidly developing clinical symptoms and/or signs of focal, and at times global, loss of
cerebral function with symptoms lasting more than 24 h’, which included stroke-like deficits
from eclampsia. Some of these events may have been related to a reversible cerebral
vasoconstriction syndrome and not necessarily an ischemic infarct, leading to an
overestimate of stroke incidence [10]. A single-center Canadian study found an incidence of
18 strokes and eight cerebral hemorrhages per 100,000 deliveries, with most ischemic
strokes occurring in the postpartum period [11]. Studies in Asian populations suggest that
ICH may be more common compared with Western populations. Liang et al. found an
incidence of 13.5 strokes and 25.4 hemorrhages per 100,000 deliveries in a Taiwanese
hospital, and also summarized data from a total of nine recent studies, which yielded an
average incidence of 21.3 strokes per 100,000 deliveries [12].

Cerebral venous thrombosis represents approximately only 2% of all pregnancy-related
strokes. The incidence is similar to ischemic stroke, at approximately 12 per 100,000
deliveries [13]. The highest risk period for CVT is third trimester and postpartum, similar to
the time frame for risk of venous thromboembolic events [13].

The data from the Baltimore–Washington DC population-based study [1] and the Canadian
study [11] both suggested that the highest risk period for stroke is postpartum. However, a
detailed study of the timing of several different circulatory diseases (including ischemic
stroke, hemorrhagic stroke and subarachnoid hemorrhage) associated with pregnancy
showed that the majority of events occur at the delivery period, and the frequency of events
decrease in the postpartum period [14]. This was also shown in a smaller case series, where
the frequency of stroke decreased substantially 7 days or more after delivery [15]. These
differences may be based on the cutoff at delivery (Ros et al. included the 2 days after
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delivery in the delivery category [14]). Based on the available evidence, the highest risk
periods appear to be the delivery period and up to 2 weeks postpartum.

Only a few of the studies previously cited reported mortality associated with pregnancy-
related strokes. The three investigations by Lanska and Kryscio found no fatalities attributed
to CVT, but stroke fatality rates of 2.2, 2, 3.3, 3 and 14.7 per 100,000 deliveries [4] in
chronological order of analysis in the Nationwide Inpatient Sample database. The death rate
from CVT is thought to be lower in pregnant than in nonpregnant women of comparable age
[16]. The most recent Nationwide Inpatient Sample analysis reported a 4.1% case fatality
rate associated with pregnancy-related stroke, and a mortality rate of 1.4 per 100,000
deliveries [5]. This was low compared with the average case fatality rate for stroke at any
age (24%), and even compared with the range of case fatality rates for stroke in young adults
(4.5–24%) [5]. The authors speculated that this could be due to missed deaths occurring
weeks or months after discharge from the hospital, or better access to treatment if the patient
is already hospitalized around the time of delivery. Liang et al. summarized mortality data
from nine recent studies and found an average mortality rate of 13.8% for ICH and 3.9% for
ischemic stroke [12].

Of all stroke types, pregnancy-related ICH leads to the highest risk of mortality. In the
Nationwide Inpatient Sample, the in-hospital mortality rate for pregnancy-related ICH was
20.3%, although this was lower than previously reported mortality rates ranging from 25 to
40% [7]. However, ICH accounted for 7.1% of all pregnancy-related mortality in the
Nationwide Inpatient Sample database [7]. This is comparable to previous studies
suggesting that ICH is r esponsible for 5–12% of all maternal deaths [9].

Even fewer studies have examined poststroke morbidity in young women with pregnancy-
related stroke. In the Ile de France population, 33% of women with ischemic stroke had
mild-to-moderate residual deficits based on a modified Rankin score of 1–2 (minimal
residual stroke disability for both scores), while one woman developed epilepsy.
Conversely, 50% of women with ICH had mild-to-moderate deficits with Rankin scores of
1–3 (moderate disability and mobility impairment) [8]. The percentage of women
discharged to facilities other than home ranged from 9 to 22% [4,5]. Another French study
followed young women after a first stroke to determine the impact on subsequent
pregnancies [17]. In total, 34% of the women followed in this study stated that they would
have desired more pregnancies, and the most popular reasons for avoiding pregnancy were
fear of recurrent stroke, medical advice against pregnancy and residual handicap from their
initial stroke [17]. However, of these 441 women, there were 13 recurrent strokes. Only two
of these strokes occurred in pregnancy, both in the setting of known underlying causes
(antiphospholipid syndrome and thrombocythemia) [17]. In addition, of the 37 women
whose initial stroke occurred during pregnancy, there were no recurrent strokes in a total of
24 subsequent pregnancies [17]. This suggests that a history of stroke should not be an
automatic contraindication for subsequent pregnancy, but instead women should receive
counseling regarding their specific underlying risk factors. There is also a need for
additional research focused on pregnancy-related stroke outcomes.

Risk factors for pregnancy-related stroke & CVT
Young pregnant women may have risk factors that are typically associated with stroke in the
general population, especially with the increasing prevalence of obesity at younger ages.
Some of these risk factors 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 [4,5]. Hypertension in pregnancy may be
pre-existing, gestational, or associated with preeclampsia or eclampsia. Compared with
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women without hypertension, women with hypertension complicating pregnancy are six- to
nine-fold more likely to have stroke [3,5]. 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 [4,5]. Cesarean delivery has been associated with peripartum
stroke, although a causal relationship has not been well established [2,4]. The association
may reflect a higher likelihood for physicians to recommend cesarean delivery in women
who suffer strokes during pregnancy. Historically, cesarean delivery has been advocated for
women with ICH, particularly recent subarachnoid hemorrhage, untreated ruptured
arteriovenous malformation (AVM) or unclipped ruptured aneurysm, to avoid potential risks
during labor and delivery [2]. However, studies suggest that outcomes of vaginal and
cesarean delivery are probably equivalent after ICH [18,19]. On the other hand, cesarean
delivery may actually be a risk factor for postpartum stroke due to CVT. Normal physiologic
changes during pregnancy, including resistance to activated Protein C and a decrease in
functional Protein S, compounded by the transient hypercoagulability associated with
surgery, may lead to clot formation [4]. Finally, 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 [5]. Similar results were reported in an analysis of pregnancy-related ICH alone [7].

Potential causes of stroke identified in the literature include those that can occur in the
young nonpregnant population, and those that are exclusive to pregnancy. Diagnoses that are
not specific to pregnancy include venous sinus thrombosis, cardioembolism, CNS or
systemic vasculitis. Those that are more specific complications of pregnancy include
preeclampsia/eclampsia, amniotic fluid embolism and postpartum angiopathy [1,8,11,12,20].
Postpartum cardiomyopathy can result in cardioembolism, or less commonly, watershed
infarction from hypotension.

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 thrombophilia [13]. The causes and risk factors for CVT and thrombophilias have been
extensively reviewed and published recently [13]. The physiologic changes during
pregnancy that may lead to arterial or venous thrombo embolism include decreases in
circulating antithrombotic factors, venous stasis or sudden reduction in blood volume after
delivery [18]. Identifiable etiologies of stroke in the population-based studies previously
cited are summarized in Table 2.

Several studies have found that preeclampsia/eclampsia and underlying cerebrovascular
malformations were the most common identifiable causes of pregnancy-related ICH (Table
3) [1,7,8,11,12,20]. Preeclampsia/eclampsia is a cause of reversible posterior
leukoencephalopathy syndrome, which can be associated with reversible vasogenic edema,
typically in the posterior portion of the brain, as well as ICH, presumably due to the
abnormalities in autoregulation [21]. In addition, preeclampsia/eclampsia has been
associated with the spectrum of reversible cerebral vasoconstriction syndromes, which is a
clinical syndrome consisting of thunderclap headache with or without focal neurologic
deficits, and reversible arterial segmental vasoconstriction [10]. These two reversible
syndromes are most likely under-recognized and under-diagnosed because the primary
manifestation may be headache plus visual scotomata, representing severe preeclampsia, and
the most important priority is delivery of the infant, rather than diagnostic imaging [22].
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There are several factors that may increase the risk of AVM or aneurysmal rupture during
pregnancy, such as increased blood volume and cardiac output, and structural changes in the
vascular wall [18]. However, whether pregnancy truly increases risk of rupture is a topic of
ongoing debate. Bateman et al. found that the rate of hemorrhage attributable to
cerebrovascular malformations was similar in pregnant and nonpregnant women, at 0.50 and
0.33 per 100,00 person-years, respectively [7]. Additional etiologies in pregnancy include
metastatic choriocarcinoma, and abuse of other substances, including alcohol and
methamphetamines [19,23].

Diagnosis of pregnancy-related stroke & CVT
Diagnosis of stroke in pregnancy may be hindered by fear of adverse fetal outcomes from
specific diagnostic tests. For example, physicians may be hesitant to obtain an MRI because
of the effects of the magnetic field on the fetus, especially in the first trimester. However,
the American College of Radiology guidelines state that pregnant patients can undergo MRI
if warranted by the risk–benefit ratio, although administration of gadolinium contrast should
probably be avoided in most cases because it does cross the placenta and its effects on the
fetus have not been studied [24]. In most cases, a complete stroke work-up, including brain
CT scan and/or MRI, transthoracic echocardiogram and vascular ultrasound, should be
completed in pregnant women. Echocardiography is a standard test in stroke patients to
evaluate for sources of cardiac emboli, but this may be especially important in Asian
populations. Two studies in Taiwan identified cardioembolism as the most common etiology
of pregnancy-related stroke, possibly due to the persistent presence of rheumatic heart
disease in some Asian countries [12,20].

In the past, prior to the advent of modern imaging techniques such as magnetic resonance
venogram, the majority of pregnancy-related strokes were attributed to ‘cerebral
thrombophlebitis’ [25]. Cross et al. challenged this idea in 1968 by demonstrating with
carotid angiography that 70% of women with strokes (n = 31) were due to arterial occlusion
[25]. Today, it is well documented that the majority of cerebral infarcts in pregnancy are
related to arterial causes. However, CVT is an important diagnosis because it can lead to
infarction or hemorrhage or both. The diagnosis of CVT can still be challenging, despite
modern imaging capabilities, since it may present primarily as a severe headache with other
signs of increased intracranial pressure, such as vomiting or papilledema, with or without
subtle focal neurologic deficits due to venous infarction [26]. The best imaging modality for
diagnosis is most likely MRI, with magnetic resonance venogram if possible, to evaluate for
both thrombosis and acute stroke. The risk factors for CVT are classically related to
dehydration, postpartum infection and thrombophilia, but also include those that overlap
those for arterial stroke, including hypertension, older age and excessive vomiting [4,5]. One
review of 67 cases of CVT suggested that morbidity and mortality is reduced in pregnancy-
related CVT compared with those that occur outside pregnancy [16].

Postpartum angiopathy is a unique condition associated with pregnancy, and it falls within
the spectrum of disorders known as reversible cerebral vasoconstriction syndromes [10].
Although the pathophysiology may be similar, postpartum angiopathy is not confined to
patients with history of preeclampsia or eclampsia and frequently occurs in patients who had
uncomplicated pregnancies and deliveries. Patients classically present within days of
delivery with thunderclap headache, vomiting, altered mental status and/or focal neurologic
deficits. Such deficits may be transient or may be a result of ischemic stroke or cerebral
hemorrhage [10]. Diagnosis is made with angiography, which demonstrates multifocal
segmental narrowing in the large and medium-sized cerebral arteries, with a similar
appearance to vasculitis. The cerebrospinal fluid is typically normal. By definition, the
process is generally self-limited, with resolution of angiographic abnormalities within 4–6
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weeks and typically complete resolution of symptoms [10]. However, owing to its
association with both infarction and hemorrhage, postpartum angiopathy does carry a risk of
morbidity and mortality. Some studies have also suggested an association between
postpartum angiopathy and cervical arterial dissection [27,28].

Subarachnoid hemorrhage should be considered in pregnant patients with sudden onset of
severe headache, particularly in the setting of neck stiffness, altered mental status, nausea
and vomiting, seizure, focal neurologic signs and/or hypertension. It is important to note that
these symptoms may be mistaken for preeclampsia/eclampsia, especially when protein-uria
is present [19]. If subarachnoid hemorrhage is suspected, emergent uninfused CT scan
should be performed. If this test is carried out within 24 h, it will detect subarachnoid blood
in approximately 90–95% of cases, although the sensitivity decreases with time [29]. If
angiography is indicated, special modifications, such as shielding of the fetus, fetal
monitoring, and maternal hydration to avoid fetal dehydration due to contrast, should be
made [30].

Stroke prevention during pregnancy
Very minimal data exists on preventative treatment of stroke in pregnancy, and there are no
randomized controlled trials. Use of aspirin, in particular, has been a source of debate
because animal studies have suggested an increased risk of congenital anomalies. In
addition, several human studies reported increased risks of specific malformations including
heart defects, neural tube defects, hypospadias, cleft palate, gastroschisis and pyloric
stenosis [31]. Other potential risks include maternal or fetal bleeding and premature closure
of the patent ductus arteriosus. 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 [31]. 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 [32]. Notably, a recent meta-analysis suggests that aspirin is beneficial in
preventing preeclampsia when started earlier than 16 weeks’ gestation, but not when
initiated after 16 weeks [33]. In that study, early treatment with aspirin also resulted in a
decrease in gestational hypertension and preterm birth.

Owing to the limited data and lack of randomized controlled studies, current guidelines
regarding the recommendations for aspirin in pregnant women vary. 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 [34]. The American
College of Chest Physicians (ACCP) has published guidelines for the management of
thromboembolism and thrombophilia in pregnancy, and although they do not specifically
address stroke, they recommend low-dose aspirin throughout pregnancy for women at high
risk of preeclampsia [35]. This may include women with preexisting hypertension, diabetes,
renal disease, obesity, of age greater than 35 years and prior preeclampsia. According to the
document [35]:

“If the indication for aspirin is clear and there is no satisfactory alternative agent,
clinicians should offer first-trimester patients aspirin.”

There are virtually no data available regarding use of other antiplatelet agents, such as
clopidogrel or aspirin-dipyridamole, in pregnancy. A 2008 survey polled US neurologists
regarding which antithrombotic they would choose for stroke prophylaxis during the first
trimester in pregnant women with and without history of previous stroke [36]. A total of
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75% responded that they would use prophylaxis, most commonly aspirin 81 mg, for women
without a history of stroke. In total, 88% chose prophylactic therapy, most commonly
aspirin 81 mg followed by LMWH, for women with previous stroke. However, this study
was significantly limited in that treatment choice is typically dependent on the mechanism of
stroke, and the physicians surveyed were not provided with any background information on
these hypothetical patients [36].

According to American Heart Association/American Stroke Association stroke secondary
prevention guidelines, three options may be considered for pregnant women with ischemic
stroke and ‘high-risk thromboembolic conditions such as hypercoagulable state or
mechanical heart valves’: UFH throughout pregnancy, LMWH throughout pregnancy or
UFH/LMWH until week 13, followed by warfarin until the middle of the third trimester,
then UFH/LMWH up to the time of delivery [34]. The ACCP has identical
recommendations for high-risk women with mechanical valves [34,35]. Women with a
history of venous thromboembolism plus a known thrombophilia, particularly antithrombin-
III deficiency, antiphospholipid antibody syndrome, prothrombin gene mutation or Factor V
Leiden, may be treated with prophylactic-dose LMWH or UFH during pregnancy followed
by postpartum anticoagulation with warfarin [34,35]. For women with antiphospholipid
antibody syndrome and no history of venous thromboembolism, but recurrent pregnancy
loss, prophylactic UFH or LMWH plus aspirin throughout pregnancy is recommended
[34,35]. Standard management of CVT and arterial dissection during pregnancy also
includes anticoagulation [35]. LMWH is the most attractive option owing to more
predictable dose response and ease of use compared with UFH, as well as decreased risk of
osteoporosis and thrombocytopenia. Some authors have suggested a transition to UFH just
prior to delivery to decrease the risk of epidural hematoma associated with regional
anesthesia [37]. AHA/ASA stroke secondary prevention guidelines recommend
anticoagulation for at least 3 months in the setting of CVT, followed by antiplatelet therapy
[34].

Treatment of acute pregnancy-related stroke
Treatment of acute arterial stroke in pregnancy is also controversial. Recombinant tissue
plasminogen activator (rtPA) is a drug that lyses clot when given intravenously or inta-
arterially to patients with acute ischemic stroke. Randomized clinical trial evidence
demonstrated that if rtPA is administered within 3 h of ischemic stroke onset in nonpregnant
patients, this drug decreases the risk of mortality and improves outcome at 90 days
poststroke compared with placebo [38]. 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 [38]. Thrombolytic drugs can be administered intra-arterially for proximal
middle cerebral artery occlusions effectively and relatively safely [39]. In addition, there are
devices that have been approved for mechanical thrombectomy, such as the Merci device
[40]. or the Penumbra device [41]. In some cases, intra-arterial rtPA can be combined with
mechanical thrombectomy. Patients tend to have optimal outcomes if whatever method is
used leads to partial or complete recanalization of the occluded artery.

Recombinant tissue plasminogen activator does not cross the placenta and there has been no
evidence of teratogenicity in animal studies [42]. 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. In one instance, rtPA was given intra-
arterially in the third trimester, 5 h after onset of left hemiplegia, with catheter angiogram
demonstrating a right middle cerebral artery trunk occlusion [43]. The infant was delivered
without complication 3 days later, and at 2-month follow-up the mother had no residual
neurologic deficits. Several other case reports and case series have reported successful
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outcomes after use of thrombolytics for mothers, and in most cases for infants when mothers
did not choose elective termination (Table 4) [44-47]. Risks and benefits should be carefully
weighed, but it appears that thrombolytics can be used both intravenously and intra-arterially
in pregnancy with positive outcomes.

There are no clear guidelines for medical management of subarachnoid or ICH in
pregnancy. Drugs used on a routine basis in nonpregnant patients, such as mannitol for
elevated intracranial pressure, antiepileptics for prevention or management of seizures, and
nimodipine for vasospasm, must be utilized with caution in pregnant women. Mannitol may
result in fetal hypoxia and acid-base shifts, antiepileptic drugs are associated with varying
degrees of teratogenic risk, and nimodipine has been linked with teratogenicity in some
animal experiments, but there is minimal data in humans [19,29]. However, ultimately, the
use of these agents in critically ill pregnant patients may outweigh the potential risks.
Obviously, careful monitoring of hemodynamic parameters in both the mother and fetus are
a priority. Some authors advocate emergent cesarean delivery, if near term, prior to
attempting surgical management of vascular malformations [29]. However, studies have
suggested that surgical management of ruptured aneurysms during pregnancy is associated
with significantly lower maternal and fetal mortality [9]. This did not hold true for surgical
excision of arteriovenous malformations, despite a high risk of rebleeding (up to 30%)
within the same pregnancy [9,19]. Since AVMs are now frequently repaired endovascularly,
benefits may still outweigh the risks. Studies have suggested that route of delivery, cesarean
versus vaginal, does not affect outcome in patients with a v ascular anomaly [18].

Conclusion
Although the reported incidence is variable, stroke is a significant cause of morbidity and
mortality in pregnancy and the postpartum period, and presents special challenges in
diagnosis and management. Future studies are required to develop guidelines for appropriate
preventative and acute treatment of ischemic stroke in pregnancy, since there is little data
available regarding the safety and efficacy of commonly used drugs, such as aspirin, aspirin/
extended-release dipyridamole, clopidogrel and rtPA. Management of ischemic stroke or
hemorrhage during pregnancy may require interdisciplinary care from neurosurgery,
neurocritical care and obstetrics.

Future perspective
There are many gaps in our knowledge about pregnancy-related stroke, including detailed
knowledge about mechanisms and outcomes post-hospital discharge. Although
administrative databases allow estimation of incidence and prevalence, the patient-level
detail is lacking. Therefore, in order to better understand pregnancy-related stroke causes
and outcomes, the development of multisite, multidisciplinary registries are needed. In
addition, it seems likely that in the next 5–10 years, more pregnant women with acute stroke
will be treated with rtPA as neurologists and interventional radiologists develop new or
improved imaging strategies (e.g., MRI perfusion) to identify women who would clearly
benefit from reperfusion while minimizing risk to the fetus. In the next couple of years, new
anticoagulants, such as direct thrombin inhibitors (dabigatran) [48], may be used in
pregnancy, especially for women who cannot receive heparin or warfarin. Dabigatran is
currently US FDA category C for pregnant women, but more testing in humans will be
required in order to determine the number of adverse pregnancy outcomes and the risk–
benefit ratio for preventing stroke and CVT during pregnancy.

Tate and Bushnell Page 8

Womens Health (Lond Engl). Author manuscript; available in PMC 2012 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Bibliography
Papers of special note have been highlighted as:

• of interest

•• of considerable interest

1•. Kittner SJ, Stern BJ, Feeser BR, et al. Prenancy and the risk of stroke. N. Eng. J. Med. 1996;
335:768–774. One of the first population-based studies with patient-level data to show that the
highest risk for stroke is during the postpartum period.

2. Lanska DJ, Kryscio RJ. Peripartum stroke and intracranial venous thrombosis in the National
Hospital Discharge Survey. Obstet. Gynecol. 1997; 89:413–418. [PubMed: 9052596]

3. Lanska DJ, Kryscio RJ. Stroke and intracranial venous thrombosis during pregnancy and
puerperium. Neurology. 1998; 51:1622–1628. [PubMed: 9855513]

4. Lanska DJ, Kryscio RJ. Risk factors for peripartum and postpartum stroke and intracranial venous
thrombosis. Stroke. 2000; 31:1274–1282. [PubMed: 10835444]

5•. James AH, Bushnell CD, Jamison MG, Myers ER. Incidence and risk factors for stroke in
pregnancy and the puerperium. Obstet. Gynecol. 2005; 106:509–516. [PubMed: 16135580] One
of the first studies with the Nationwide Inpatient Sample to use specific ninth edition of the
International Classification of Diseases codes for stroke and risk factors (such as migraine),
rather than just the pregnancy-related ninth edition of the International Classification of Diseases
codes.

6. Petitti D, Sidney S, Quesenberry CJ, Bernstein A. Incidence of stroke and myocardial infarction in
women of reproductive age. Stroke. 1997; 28:280–283. [PubMed: 9040675]

7•. Bateman B, Schumacher H, Bushnell CD, et al. Intracerebral hemorrhage in pregnancy. Frequency,
risk factors, and outcome. Neurology. 2006; 67:424–429. [PubMed: 16894102] The analysis for
this study was a case–control with nonpregnant women, and so specifically outlines the timing,
risk factors and incidence of intracerebral hemorrhage in pregnancy.

8. Sharshar T, Lamy C, Mas J. Incidence and causes of strokes associated with pregnancy and
puerperium. A study in public hospitals of Ile de France. Stroke. 1995; 26:930–936. [PubMed:
7762040]

9•. Dias M, Sekhar L. Intracranial hemorrhage from aneurysms and arteriovenous malformations
during pregnancy and the puerperium. Neurosurgery. 1990; 27:855–865. [PubMed: 2274125]
One of the best reviews of hemorrhagic stroke and its treatment during pregnancy.

10. Calabrese L, Dodick D, Schwedt T, Singhal A. Narrative review: reversible cerebral
vasoconstriction syndromes. Ann. Intern. Med. 2007; 146:34–44. [PubMed: 17200220]

11. Jaigobin C, Silver FL. Stroke and pregnancy. Stroke. 2000; 31:2948–2951. [PubMed: 11108754]
12. Liang C-C, Chang S-D, Lai S-L, et al. Stroke complicating pregnancy and the puerperium. Eur. J.

Neurol. 2006; 13:1256–1260. [PubMed: 17038042]
13. Saposnik G, Barinagarrementeria F, Brown R, et al. Diagnosis and management of cerebral venous

thrombosis: a statement for healthcare professionals from the American Heart Association/
American Stroke Association. Stroke. 2011; 42(4):1158–1192. [PubMed: 21293023]

14. Ros HS, Lichtenstein P, Bellocco R, Petersson G, Cnattingius S. Increased risks of circulatory
diseases in late pregnancy and puerperium. Epidemiology. 2001; 12:456–460. [PubMed:
11416782]

15. Witlin AG, Mattar F, Sibai BM. Postpartum stroke: a twenty-year experience. Am. J. Obstet.
Gynecol. 2000; 183:83–88. [PubMed: 10920313]

16. Cantu C, Baringarrementeria F. Cerebral venous thrombosis associated with pregnancy and
puerperium. Review of 67 cases. Stroke. 1993; 24:1880–1884. [PubMed: 8248971]

17. Lamy C, Hamon J, Coste J, Mas J. Ischemic stroke in young women. Risk of recurrence during
subsequent pregnancies. Neurology. 2000; 55:269–274. [PubMed: 10908903]

18. Treadwell S, Thanvi B, Robinson T. Stroke in pregnancy and the puerperium. Postgrad. Med. J.
2008; 84:238–245. [PubMed: 18508980]

Tate and Bushnell Page 9

Womens Health (Lond Engl). Author manuscript; available in PMC 2012 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



19. Wilterdink JL, Feldmann E. Intracranial hemorrhage. Adv. Neurol. 2002; 90:63–74. [PubMed:
12068465]

20. Jeng J-S, Tang S-C, Yip P-K. Stroke in women of reproductive age: comparison between stroke
related and unrelated to pregnancy. J. Neurol. Sci. 2004; 221:25–29. [PubMed: 15178209]

21. Lee V, Wijdicks E, Manno E, Rabinstein A. Clinical spectrum of reversible posterior
leukoencephalopathy syndrome. Arch. Neurol. 2008; 65:205–210. [PubMed: 18268188]

22. Bushnell C, Chireau MV. Preeclampsia and stroke: risks during and after pregnancy. Stroke
Research Treatment. 2011 doi:10.4061/2011/858134. Epub ahead of print.

23. Wilterdink JL, Easton JD. Cerebral ischemia in pregnancy. Adv. Neurol. 2002; 90:51–62.
[PubMed: 12068464]

24. Kanal E, Barkovich A, Bell C, et al. ACR guidance document for safe MR practices: 2007. Am. J.
Roentgenol. 2007; 188:1447–1474. [PubMed: 17515363]

25. Cross J, Castro P, Jennett W. Cerebral strokes associated with pregnancy and the puerperium.
BMJ. 1968; 3:214–218. [PubMed: 5662974]

26. Bousser, M-G.; Barnett, HJ. Cerebral venous thrombosis. In: Barnett, HJ.; Mohr, J.; Stein, BM.;
Yatsu, FM., editors. Stroke Pathophysiology, Diagnosis, and Management. 3rd Edition. Churchill
Livingstone; NY, USA; 1998. p. 623-647.

27. Arnold M, Camus-Jacqmin M, Stapf C, et al. Postpartum cervicocephalic artery dissection. Stroke.
2008; 39:2377–2379. [PubMed: 18535274]

28. McKinney J, Messe S, Pukenas B, et al. Intracranial vertebrobasilar artery dissection associated
with postpartum angiopathy. Stroke Res. Treat. 2010 pii 320627.

29. Roman H, Descargues G, Lopes M, et al. Subarachnoid hemorrhage due to cerebral aneurysmal
rupture during pregnancy. Acta Obstet. Gynecol. Scand. 2004; 83:330–334. [PubMed: 15005778]

30. Kotsenas A, Roth T, Hershey B, Yi J. Imaging neurologic complications of pregnancy and the
puerperium. Acad. Radiol. 1999; 6:243–252. [PubMed: 10894083]

31. Kozer E, Nikfar S, Costei A, et al. Aspirin consumption during the first trimester of pregnancy and
congenital anomalies: a meta-analysis. Am. J. Obstet. Gynecol. 2002; 187:1623–1630. [PubMed:
12501074]

32. Coomarasamy A, Honest H, Papaioannou S, Gee H, Khan K. Aspirin for prevention of
preeclampsia in women with historical risk factors: a systematic review. Obstet. Gynecol. 2003;
101:1319–1332. [PubMed: 12798543]

33. Bujold E, Roberge S, Lacasse Y, et al. Prevention of preeclampsia and intrauterine growth
restriction with aspirin starte in early pregnancy. Obstet. Gynecol. 2010; 116:402–414. [PubMed:
20664402]

34••. Furie K, Kasner S, Adams R, et al. Guidelines for the prevention of stroke in patients with stroke
or transient ischemic attack. A guideline for healthcare professionals from the American Heart
Association/American Stroke Association. Stroke. 2010 doi: 10.1161/STR.0b013e3181f7d043.
Epub ahead of print. Although not specific for pregnancy, this guideline on secondary prevention
of stroke includes a section on pregnancy and is the most recent update for recommendations on
prophylaxis against stroke.

35. Bates S, Greer I, Pabinger I, Sofaer S, Hirsch J. Venous thromboembolism, thrombophilia,
antithrombotic therapy, and pregnancy. Chest. 2008; 133:844S–886S. [PubMed: 18574280]

36. Helms A, Drogan O, Kittner S. First trimester stroke prophylaxis in pregnant women with a history
of stroke. Stroke. 2009; 40:1158–1161. [PubMed: 19211492]

37. Cronin C, Weisman C, Llinas R. Stroke treatment: beyond the three-hour window and in the
pregnant patient. Ann. NY Acad. Sci. 2008; 1142:159–178. [PubMed: 18990126]

38. The National Institute of Neurological Disorders; Stroke rt-PA Stroke Study Group. tissue
plasminogen activator for acute ischemic stroke. N. Engl. J. Med. 1995; 333:1581–1587.
[PubMed: 7477192]

39. Furlan A, Higashida R, Wechsler L, et al. Intra-arterial prourokinase for acute ischemic stroke. The
PROACT II Study: a randomized controlled trial. JAMA. 1999; 282:2003–2011. [PubMed:
10591382]

Tate and Bushnell Page 10

Womens Health (Lond Engl). Author manuscript; available in PMC 2012 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



40. Smith WS, Sung G, Saver J, et al. for the Multi MERCI Investigators: Mechanical thrombectomy
for acute ischemic stroke. Final results of the multi MERCI trial. Stroke. 2008; 39:1205–1212.
[PubMed: 18309168]

41. The Penumbra Stroke Trial Investigators. The Penumbra Pivotal Stroke Trial. Safety and
effectiveness of a new generation of mechanical devices for clot removal in intracranial large
vessel occlusive disease. Stroke. 2009; 40:2761–2768. [PubMed: 19590057]

42. DeKeyser J, Gdovinova Z, Uyttenboogaart M, Vroomen P, Jan Luijckx G. Intravenous alteplase
for stroke. Beyond the guidelines and in particular clinical situations. Stroke. 2007; 38:2612–2618.
[PubMed: 17656661]

43. Johnson D, Kramer D, Cohen E, et al. Thrombolytic therapy for acute stroke in late pregnancy with
intra-arterial recombinant tissue plasminogen activator. Stroke. 2005; 36:E53–E55. [PubMed:
15914759]

44•. Murugappan A, Coplin W, Al-Sadat A, et al. Thrombolytic therapy of acute ischemic stroke
during pregnancy. Neurology. 2006; 66:768–770. [PubMed: 16534124] The largest case series
published on treatment of pregnancy-related acute ischemic stroke with recombinant tissue
plasminogen activator.

45. Elford K, Leader A, Wee R, Stys P. Stroke in ovarian hyperstimulation syndrome in early
pregnancy treated with intra-arterial rt-PA. Neurology. 2002; 59:1270–1272. [PubMed: 12391365]

46. Wiese K, Talkad A, Mathews M, Wang D. Intravenous recombinant tissue plasminogen activator
in a pregnant woman with cardioembolic stroke. Stroke. 2006; 37:2168–2169. [PubMed:
16794210]

47. Dapprich M. Fibrinolysis with alteplase in a pregnant woman with stroke. Cerebrovasc. Dis. 2002;
13:290. [PubMed: 12011557]

48. Connolly S, Ezekowitz M, Yusuf S, et al. Dabigatran versus warfarin in patients with atrial
fibrillation. N. Engl. J. Med. 2009; 361(12):1139–1151. [PubMed: 19717844]

49. Wiebers D. Ischemic cerebrovascular complications of pregnancy. Arch. Neurol. 1985; 42:1106–
1113. [PubMed: 2864911]

50. Simolke GA, Cox SM, Cunningham FG. Cerebrovascular accidents complicating pregnancy and
the puerperium. Obstet. Gynecol. 1991; 78:37–42. [PubMed: 2047065]

Tate and Bushnell Page 11

Womens Health (Lond Engl). Author manuscript; available in PMC 2012 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Executive summary
Epidemiology of stroke in pregnancy

• The incidence of stroke during pregnancy ranges from approximately 9 to 34 per
100,000 deliveries worldwide.

• Of all stroke types, intracerebral hemorrhage during pregnancy and the
puerperium carries the highest morbidity and mortality, with an in-hospital
mortality of 20%.

• Although infrequently reported, the morbidity following pregnancy-related
stroke is lower than for typical stroke patients, and the risk for recurrent stroke
in subsequent pregnancies is very low.

• Causes of pregnancy-related stroke include those that are unique to pregnancy
(preeclampsia/eclampsia, postpartum angiopathy, amniotic fluid embolism and
postpartum cardiomyopathy) and causes seen in nonpregnant women, including
hypertension, diabetes, vasculitis, arteriovenous malformations or aneurysms.

Risk factors for pregnancy-related stroke & cerebral venous thrombosis

• The women who are at the highest risk for pregnancy-related stroke are those
who are over the age of 35 years; those who are of African–American race-
ethnicity; and those with preeclampsia/eclampsia/gestational hypertension,
thrombophilias, migraine headaches, diabetes, prepregnancy hypertension,
hyperemesis gravidarum, anemia, thrombocytopenia, postpartum hemorrhage,
transfusion, fluid, electrolyte and acid-base disorders and infection.

Diagnosis of pregnancy-related stroke & cerebral venous thrombosis

• Brain imaging is essential in order to determine whether a pregnant woman has
suffered an intracerebral hemorrhage. Brain MRI and magnetic resonance
venogram are generally considered the gold standard for the diagnosis of
ischemic stroke and cerebral venous thrombosis, respectively.

• The timing of scans may depend on the stage of pregnancy and the risk–benefit
ratio of performing these scans. The risk from MRI is generally considered
lower after the first trimester, and the risks with administration of gadolinium is
still under debate.

Stroke prevention during pregnancy

• Strategies to prevent stroke during pregnancy in high-risk women mimic those
used for thromboprophylaxis, which include either unfractionated or low-
molecular-weight heparin to 13 weeks’ gestation, followed by warfarin until the
middle of the third trimester, then heparin until delivery and warfarin for 6
weeks postpartum.

• There are no randomized controlled trials of acute stroke treatment with
thrombolysis or mechanical thrombectomy to guide decision-making in the
pregnant population.

Treatment of acute pregnancy-related stroke

• Treatment of acute stroke in pregnant women is still controversial, but not
strictly contraindicated. Several case reports have documented successful
reperfusion, in addition to satisfactory maternal and fetal outcomes.
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• However, there are no trials of anticoagulation or antiplatelet therapies for
stroke prevention in pregnancy.

Future perspective

• There are many gaps in our knowledge about pregnancy-related stroke,
including detailed knowledge about mechanism outcomes posthospital
discharge, due to the lack of patient-level detail.

• In order to better understand pregnancy-related stroke causes and outcomes, the
development of multisite, multidisciplinary registries are needed.

• In the next 5–10 years, it is most likely that an increasing number of pregnant
women with acute ischemic stroke will be treated with recombinant tissue
plasminogen activator as neurologists and interventional radiologists develop
new or improved imaging strategies (e.g., MRI perfusion) to identify women
who would clearly benefit from reperfusion while minimizing the risk to the
fetus.

• In the next couple of years, new anticoagulants, such as direct thrombin
inhibitors (dabigatran), may be used in pregnancy, especially for women who
cannot receive heparin or warfarin. Dabigatran is currently US FDA category C
for pregnant women, but more testing in humans will be required in order to
determine the number of adverse pregnancy outcomes and the risk–benefit ratio
for preventing stroke and cerebral venous thrombosis during pregnancy.
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