Stroke Around Pregnancy; Protection and Prevention!
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As per recent studies, incidence of stroke is increasing in pregnant women. It is essential to be vigilant and well-versed in managing stroke in
pregnancy, as both the mother and the baby are prone to stroke-related injury. In this viewpoint article, we have reviewed the current data from
research publications on the incidence, prevalence, risk factors, and clinical presentation of stroke in pregnancy. Finally, we have discussed
the plan of investigations and the current treatment guidelines for stroke in pregnancy.
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INTRODUCTION

Stroke is a neurological emergency and a major cause of death and
disability around the world.""! Although the risk of stroke among
young women is low, pregnancy increases this risk particularly in
the peripartum period.”” In recent years, the incidence of stroke in
pregnancy and puerperium appears to be increasing due to rising
rates of obesity, diabetes, and hypertension as well as the trend of
delaying pregnancy. The incidence of pregnancy-related strokes
including ischemic and hemorrhagic subtypes has recently been
estimated to be approximately 34 in 100,000 pregnancies.’ The
incidence of stroke is high in the third trimester and puerperium,
in older women, and in those with hypertensive disorders in
pregnancy.>*! Peripartum stroke is the most common cause
of serious long-term disability after pregnancy.[*” Risk factors
for stroke include hypertensive disorders of pregnancy, like
preeclampsia and eclampsia, and also the pro-thrombotic state
in pregnancy, which increases the risk of arterial and venous
thrombosis.®

EPiDEMIOLOGY

Although most of pregnancies have an uneventful course, one
should be vigilant toward any new neurological symptoms like
headache, blurred vision, giddiness, or weakness in any limb,
particularly from the last trimester onward. The incidence of
stroke in pregnancy and the postpartum period is approximately
11 to 34 per 100,000 deliveries, which is more frequent than
in non-pregnant women (annual incidence, 10.7 per 100,000
women of reproductive age).[**?! Approximately, 10% of
strokes are reported in the antenatal period, 40% are reported
proximate to delivery, and 50% are reported in postpartum
period and after discharge.!* Pregnancy and postpartum period
together are associated with a major increase in the relative
risk and a minor increase in the absolute risk of all types of
stroke, with the highest risk in the puerperium.*!%-14 A review
of female hospital discharges from central Maryland and
Washington DC in 1988 and 1991 determined the magnitude
of the effect of pregnancy (including spontaneous and induced

abortions) on stroke risk.[' The relative risk for cerebral
infarction was 0.7 during pregnancy which increased to 8.7 in
the postpartum period (within 6 weeks of live birth or stillbirth).
The adjusted relative risk for intracerebral hemorrhage was
2.5 during pregnancy but increased to 28.3 in the postpartum
period.l' Similar findings were reported in a recent study from
France!' and also from the nationwide inpatient data analysis
of all pregnancy-related discharges in the United States from
2000 to 2001.M

Subarachnoid hemorrhage during pregnancy and postpartum
period is usually related to an underlying aneurysm or
vascular abnormality. Data from Germany showed an overall
incidence of non-traumatic subarachnoid hemorrhage of
11.3 per 100,000 years.!'™! Intracranial hemorrhage can occur
in preeclampsia and eclampsial'® and is the most common
cause of death in women with preeclampsia.!'”!

According to Western data, the incidence of cerebral venous
thrombosis (CVT) is approximately 12 per 100,000 deliveries,
similar to ischemic stroke.'¥! The incidence and prevalence
of CVT in India, however, are much higher.l') The third
trimester and postpartum period is the highest risk period
for CVT, similar to the time frame for the risk of venous
thromboembolic events.['! The data from the Baltimore—
Washington DC population-based study suggested that the
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highest risk period for stroke is postpartum.!'! However, a
detailed analysis of the timing of ischemic stroke, hemorrhagic
stroke, and subarachnoid hemorrhage in pregnancy showed
that the majority of events occur at the delivery period, and
the frequency decreases in the postpartum period.%

PATHOPHYSIOLOGY

Pregnancy-related hormonal fluctuations cause wide-ranging
physiologic changes. Blood volume expansion, variable
vasculature distensibility, and pregnancy-associated
hypercoagulable state increase a woman’s risk of stroke during
pregnancy and postpartum period.

Blood volume expansion starts during the first weeks of
pregnancy, and the volume of whole blood continues to
increase until it reaches levels 45% higher than pre-pregnancy
levels.2 Blood volume expansion, combined with underlying
vessel wall damage due to hypertension, preeclampsia, or
eclampsia can increase the risk of stroke.?>%

Cardiac output increases to 45% above the pre-pregnant state
by 24" week of gestation.*!! During labor, cardiac output can
increase up to 60% to 80% above pre-pregnant levels.?!! This
increased cardiac output can exacerbate the structural changes
around cardiac or major vessels abnormalities, increasing the
risk of ischemic strokes.

Pregnancy is a hypercoagulable state. From around 11 weeks
of gestation, there is an increase in factors I, VII, VIII, IX, X,
XII, XIII, and von Willebrand factor; all of which promote
coagulation.?* There is a decrease in levels of factors that
inhibit coagulation, including protein S and protein C.1*” These
changes in clotting factors along with a decrease in fibrinolytic
activity in pregnancy increase the risk of thrombosis and
subsequently increase risk of ischemic strokes.*!

Risk FacToRS

Traditional risk factors

The risk factors for ischemic stroke in pregnancy also include
those for non-pregnant patients, such as hypertension, smoking,
atherosclerosis, heart diseases, hyperlipidemia, thrombophilia,
infection, paradoxical embolism, and substance abuse.
Additional risk factors include age over 35, migraine with
aura, and black race.™ In particular, undetected heart diseases
like rheumatic mitral stenosis, atrial septal defect (ASD), and
patent foramen ovale (PFO) can decompensate during delivery
and can lead to cardioembolic stroke. Pregnant women with
sickle cell disease are also at increased risk for thromboembolic
events.

Pregnancy-related risk factors

Risk factors related to ischemic stroke in pregnancy include
pregnancy-induced hypertension,!'* cesarean delivery,
peripartum infection,!*?*"! and multiple gestations.* Several
conditions unique to pregnancy also can present as a stroke
or a stroke-like event, which include preeclampsia/eclampsia,

postpartum cerebral angiopathy, and gestational trophoblastic
disease. Amniotic fluid embolism is an important but rare cause
of focal cerebral ischemia in pregnancy.”!

Risk factors for intracerebral hemorrhage in a US study of
pregnant women were advanced maternal age, pre-existing
and gestational hypertension, preeclampsia/eclampsia,
pre-existing hypertension superimposed on preeclampsia/
eclampsia, coagulopathy, tobacco abuse, and black race.l'”
Several other studies identified preeclampsia, eclampsia,
and HELLP (hemolysis, elevated liver enzymes, low
platelet counts) syndromes as the most common causes of
ischemic and hemorrhagic strokes in pregnancy.['®!!16:30-32]
Although intracranial hemorrhage is less common than
ischemic stroke, mortality is higher. Retrospective data from
a large UK study showed that mortality from intracranial
hemorrhage was the single greatest cause of maternal
death from stroke.** In a review of approximately 60,000
deliveries, out of 11 hemorrhagic strokes, four were due to
rupture of an AVM.P¥ In retrospective data of 154 women
with spontaneous intracerebral hemorrhage during pregnancy,
23% were attributable to AVM rupture and 77% to aneurysmal
rupture.B* It was noted that aneurysms and AVMs bled more
frequently with increasing gestational age. Hemodynamic,
angiogenic, and endocrine changes associated with pregnancy
are considered to affect the growth and rupture of aneurysms
in the gravid patient.*”! Subarachnoid hemorrhage occurs as a
consequence of aneurysmal rupture in pregnancy and is most
frequent in the third (55%) and second trimesters (31%).534

Risk factors for CVT may be the pregnancy induced
thrombophilic tendency in some individuals, but in past
anemia, increased coagulability of blood, slowing of the
blood stream and dehydration aggravated by the local custom
of withholding fluid intake in puerperium were thought to
contribute to high prevalence of postpartum CVT in India.>
Pregnancy and the puerperium predispose to an increased risk
of venous thrombotic events both in cerebral and non-cerebral
territories. The average incidence of CVT during pregnancy
and the puerperium range from one in 2500 to one in 10,000
deliveries in Western countries.?”3¥ The highest risk periods
for CVT include the third trimester and the early postpartum
period up to 2 weeks. Headache is the most common presenting
feature and can precede other symptoms by many days. This
can be followed by encephalopathy, focal signs, and/or seizures.

Causes of stroke/stroke-like events in pregnancy and
postpartum period [Table 1]:13%!

Posterior reversible encephalopathy syndrome

The cerebrovascular disturbance associated with preeclampsia
and eclampsia is posterior reversible encephalopathy
syndrome (PRES), which occurs as a result of impaired
cerebrovascular autoregulation. Neurologic manifestations
of this syndrome include headache, visual blurring, scotomas,
cortical blindness, and seizures. Patients may progress to coma
if untreated. Imaging of the brain shows vasogenic edema in
the subcortical white matter of the parietal and occipital lobes.
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Table 1: Causes of stroke/stroke like events in pregnancy and postpartum period

Hematologic causes

Vascular abnormalities

Pregnancy-related disorders

Essential thrombocythemia Aneurysms

Sickle cell disease AV malformations
Thrombophilias (inherited or acquired)
Thrombotic thrombocytopenia purpura
Cardiac causes

Valvular abnormalities

Arrhythmias esp. atrial fibrillation
Cardiomyopathy

Infective endocarditis

Atrial septal defect

Patent foramen ovale

Vasculopathy (moya moya disease, takayasu)
Cervical artery dissection

Cerebral venous thrombosis

Reversible cerebral vasoconstriction syndrome

Preeclampsia, eclampsia
HELLP syndrome
Peripartum cardiomyopathy
Amniotic fluid embolism
Air embolism

Gestational lymphoblastic disease

Posterior reversible encephalopathy syndrome
Atherosclerotic cerebrovascular disease

A study from Mexico of 240 women with cerebrovascular
complications in pregnancy like preeclampsia/eclampsia was
associated with both ischemic stroke (23 of 64 cases [36%])
and intracerebral hemorrhage (22 of 40 cases [55%]).B" In
another study from France comprising 31 pregnancy-related
strokes, eclampsia accounted for 47% of cerebral infarctions
and 44% of intracerebral hemorrhages.!'!!

Thrombotic thrombocytopenic purpura (TTP) and
hemolytic uremic syndrome (HUS)

TTP and HUS are acute syndromes with microangiopathic
hemolytic anemia, thrombocytopenia, and abnormalities in
multiple organ systems. Neurologic features include coma,
confusion, seizures, transient ischemic attack, stroke, reversible
posterior leukoencephalopathy syndrome, and headache.“!
TTP and HUS must be distinguished from severe preeclampsia
and the HELLP (hemolysis, elevated liver enzymes, low
platelet counts) syndrome, which can also have a similar
clinical presentation but are expected to resolve spontaneously
within several days after delivery. The distinction between
TTP, HUS, and severe preeclampsia or HELLP is important
for therapeutic and prognostic considerations.[*!)

Hypercoagulability and antiphospholipid syndrome
Pregnancy is a hypercoagulable state due to the increase
in resistance to activated protein C in the second and third
trimesters, decreased protein S activity, increased factors
II, VII, VIII, X, XII, and von Willebrand factor, increased
fibrinogen, and increased activity of fibrinolytic inhibitors.
The risk of stroke is increased in women with antiphospholipid
syndrome (APS) or an inherited thrombophilia, such as factor
V Leiden, the prothrombin gene mutation, or a deficiency of
antithrombin, protein C, or protein S.

Antiphospholipid syndrome (APS) is pro-thrombotic condition
especially in pregnancy, and even after treating women with
aspirin and low molecular weight heparin for prior ischemic
stroke, the rate of recurrence in pregnancy was 10.7% in one
study.*

Postpartum angiopathy
Postpartum angiopathy belongs to the group of reversible
cerebral vasoconstriction syndromes (RCVS) with similar

clinical and radiographic features characterized by thunderclap
headache and diffuse, segmental, reversible cerebral
vasospasm.[*! Clinical features include severe headaches and a
combination of neurologic findings such as visual disturbances,
hemiplegia, dysarthria, aphasia, numbness, ataxia, seizure, and
encephalopathy.[* Vasogenic cerebral edema, ischemic stroke,
intraparenchymal hemorrhage, subarachnoid hemorrhage, and
even death have been reported.***! Narrowing of multiple
segments of intracranial arteries can be seen on cerebral
angiography. The angiographic changes are usually reversible,
but may persist for days to months. Recent reports suggest that
sympathomimetic drugs may increase the risk of postpartum
angiopathy.“®! In a retrospective study of 18 patients with
postpartum angiopathy from three tertiary care centers,
pregnancy was complicated by preeclampsia or eclampsia in
7 (39%).144

Peripartum and other dilated cardiomyopathies
Peripartum cardiomyopathy is a rare disorder characterized by
severe cardiac dysfunction at the end of pregnancy or within
several months of delivery without any other cause for cardiac
failure. Pre-existing dilated cardiomyopathy may also become
obvious in pregnancy due to increased cardiac demands. This
can lead to the formation of cardiac thrombi and subsequent
embolism.[ " This entity should be considered in women who
present with new stroke and marked global impairment of
cardiac function.

Carotid and vertebral artery dissection

Dissection of the carotid or vertebral artery is rare in women
of childbearing age, but as per recent data, they occur more
commonly in the postpartum period.*®! Early diagnosis is
important to prevent complete vessel occlusion and other
thromboembolic sequelae. In a small case series of 27
pregnant women, advanced maternal age (mean age 34 years)
appeared to be the only common risk factor. A recent European
observational study of women with prior history of dissection
did not suggest a high rate of recurrence in pregnancy.*’!

Amniotic fluid embolism (AFE)
AFE occurs when there is a breach in the maternal-
fetal physiological barrier during labor and leading to a
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proinflammatory response. Definitive diagnosis is difficult as
there are no universally accepted diagnostic criteria. Maternal
stroke has been attributed to AFE. In an Australian study of
approximately 600,000 deliveries, 20 cases of AFE were
reported®®; out of which there were four cases of cerebral
infarction.’” Hypercoagulable state resulting from AFE was
considered to be the cause of stroke.

NEUROIMAGING

The main aim of evaluation is to determine the type of
stroke that the patient is suffering from. Neuroimaging with
non-contrast head computed tomography (CT) or magnetic
resonance imaging (MRI) is necessary to differentiate between
infarction and hemorrhage, regardless of cause.’] MRI in
combination with MR venography is the most sensitive
imaging modality for CVT.F

The advantages of CT are widespread access and speed
of acquisition. MRI with diffusion-weighted sequences is
superior to CT for the diagnosis of early infarction. Imaging
abnormalities of reversible posterior leukoencephalopathy
syndrome are also best seen on MRI fluid-attenuated inversion
recovery (FLAIR) sequences. Radiation exposure to the fetus
with head CT, cerebral angiography, and chest radiography is
approximately 50, 10, and 1 milliradians, respectively, which
are considered safe.B!

WoRkup

Echocardiography and carotid Doppler studies should be done
in all patients. Other evaluation includes electrocardiogram,
complete blood count, metabolic profile, peripheral blood
smear, HIV testing, urine drug screen, and antinuclear
antibody.!'! Laboratory evaluation for an inherited or acquired
thrombophilia is indicated for women presenting with a
cryptogenic ischemic stroke or transient ischemic attack during
pregnancy.!'®! Thrombophilia screening should be done six
weeks postpartum to exclude underlying thrombophilia

IMANAGEMENT OF STROKE IN PREGNANCY AND
PostparTum PERIOD

Initial management of stroke in pregnant or postpartum women
does not differ from that of non-pregnant patients, with care
focused on adequate oxygenation, maintaining circulatory
integrity and euglycemia.

Acute ischemic stroke

Early aspirin therapy is recommended for pregnant or
postpartum women with acute ischemic stroke not receiving
thrombolysis, intravenous heparin, or oral anticoagulants.
This recommendation is in accordance with the current
guidelines.*>¥ All ischemic stroke patients should be considered
for acute intravenous thrombolysis as per the current guidelines.
According to a recent study of 338 pregnant or postpartum
women and over 24,000 non-pregnant women ages 18 to
44 years with ischemic stroke, rates of reperfusion therapy were

similar in pregnant or postpartum women (40/338 [11.8%])
compared with non-pregnant women (2545/24,303 [10.5%]).55%
Rate of symptomatic intracranial hemorrhage was higher in
pregnant or postpartum women (3/40 [7.5%]) compared with
non-pregnant women (66/2545 [2.6%]) but was not statistically
significant.’>! There was no significant difference between
pregnant or postpartum women and non-pregnant women
for rates of in-hospital death (2.1 versus 2.7%), discharge
to home (75 versus 73%), or independent ambulation at
home (74 versus 71%) after reperfusion therapy.>>! The
American Heart Association/American Stroke Association
2019 guidelines state that intravenous alteplase administration
may be considered in pregnancy when the anticipated
benefits of treating moderate or severe stroke outweigh the
increased risks of uterine bleeding.* Endovascular treatment
with mechanical thrombectomy may be preferred over
intravenous thrombolytic therapy for women with a high risk
of hemorrhage, such as those with placenta previa or a history
of obstetric hemorrhage.”

Cerebral venous thrombosis (CVT)

For treatment of CVT in the pregnant and postpartum period,
American Heart Association/American Stroke Association
guidelines recommend low molecular weight heparin in full
anticoagulant doses to be continued throughout pregnancy and
low molecular weight heparin or a vitamin K antagonist (target
INR of 2 to 3) to be continued for at least six weeks postpartum
for a total duration of therapy of six months.!' Symptomatic
management includes the control of seizures and intracranial
hypertension.

Intracranial hemorrhage

Initial management of hemorrhagic stroke involves both
medical and, if necessary, surgical intervention. Medical
therapy should be targeted toward the control of hypertension
and discontinuation of all antithrombotic medication, if any.5¢
Raised intracranial pressure should be controlled with osmotic
diuretics and, if warranted, surgical evacuation of hematoma.
Seizures can elevate intracranial pressure and so anti-epileptic
medication may be needed. Ruptured intracranial aneurysms
or AVMs in pregnant women are managed as they would be
in non-pregnant patients. Endovascular coiling is preferred
to surgical clipping for appropriately shaped aneurysms.>-"!
Stable, unruptured asymptomatic aneurysms can be observed
without intervention during pregnancy, whereas symptomatic
or enlarging unruptured aneurysms can be treated.!®"! There are
a few case reports of successful embolization of hemorrhagic
AVMs during pregnancy via the endovascular approach,
followed by surgical resection of the AVM.[6263]

SECONDARY PREVENTION STRATEGY IN
PRreGNANCY-RELATED STROKE

Secondary prevention of stroke depends on the type and
underlying mechanism of stroke, whereas antithrombotic
agents are the mainstay in ischemic stroke, removal of
an underlying vascular anomaly if any has to be done in
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hemorrhagic stroke. Strict control of vascular risk factors
like hypertension, diabetes, hyperlipidemia, and smoking has
to be ensured.

Aspirin, clopidogrel, and the combination of aspirin-extended-
release dipyridamole are reasonable options for preventing
recurrent non-cardioembolic ischemic stroke. An aspirin dose
of 60 to 81 mg/day has been considered safe in pregnancy. ¢+
Clopidogrel (pregnancy category B) and the combination of
aspirin and dipyridamole (pregnancy category D) have not
been evaluated in large numbers of patients or over prolonged
periods of time, but can be administered in the postpartum
period.

Anticoagulants are recommended to prevent stroke due to
cardioembolic sources as well as due to antiphospholipid
syndrome. The 2014 American Heart Association/American
Stroke Association (AHA/ASA) guidelines recommend
short- or long-term anticoagulation for patients with an
inherited thrombophilia who have recurrent ischemic stroke
ofundefined origin, depending on the clinical and hematologic
circumstances.[¢¢]

Stroke remote from term

When a stroke occurs in a pregnant woman who is <24 weeks
of gestation, the stroke should be managed as dictated by
the patient’s clinical condition. Every effort should be made
to protect the salvageable brain tissue, prevent medical
complications (e.g., aspiration), control maternal physiologic
factors that may worsen the stroke, such as blood pressure,
and facilitate long-term physical rehabilitation. Pregnancy
termination is an option if thrombolytic therapy is being
considered.

As mentioned earlier, some women with ischemic stroke
or cerebral venous thrombosis will require anticoagulation
throughout the pregnancy.

Stroke near term

For women who have a stroke between 24 and 32 weeks
gestation, antenatal glucocorticoids can be administered to
accelerate fetal lung maturation. A multidisciplinary approach
in consultation with neurology, neurosurgery, anesthesia,
neonatology, and perinatology should take place to stabilize
the mother and assess fetal status. As long as maternal and
fetal well-being are not deteriorating, plans can be made to
continue the pregnancy with a scheduled controlled delivery
between 34 and 39 weeks gestation to optimize fetal outcome.

For pregnant women diagnosed with ischemic stroke or
cerebral venous sinus thrombosis, anticoagulation with
unfractionated heparin, LMWH, or antiplatelet therapy with
aspirin should be considered in consultation with neurologists
throughout the remainder of the pregnancy.

After 36 weeks of pregnancy, LMWH can be changed over
to unfractionated heparin until a scheduled labor induction
at 39 weeks can take place, and LMWH can resume in the
postpartum period. Aspirin should be stopped within one

week of a planned delivery (i.e., induction of labor or cesarean
delivery).

Blood pressure management

For pregnant women with a previous history of hemorrhagic
or ischemic stroke, blood pressure control is vital. The
antihypertensives considered safe in pregnancy are methyldopa,
labetalol, and nifedipine. In women with intracranial
hemorrhage, blood pressure should be controlled in relation to
intracranial pressure. Intravenous labetalol and hydralazine can
be safely used for acute blood pressure management.'*”? NICE
recommends labetalol as first-line agent to treat hypertension
in pregnancy and postpartum period.!®!

Statins

Currently, statins are contraindicated in pregnancy due to
higher rates of birth defects.!®! For those already on statins, a
short interruption for the duration of pregnancy is unlikely to
cause any harm. Lipid levels should not be measured during
pregnancy as interpretation of results is unreliable.[”!

Anticoagulation

The 2012 ACCP guidelines recommend low molecular weight
heparin (LMWH) instead of unfractionated heparin for
prevention and treatment of venous thromboembolism during
pregnancy or puerperium and recommend LMWH instead of
vitamin K antagonist antenatally.[* The ACCP guidelines also
recommend to continue anticoagulant therapy for at least six
weeks postpartum and for a minimum total duration of three
months.

As per ACCP guidelines, discontinuation of LMWH is
recommended 24 h before induction of labor, cesarean section,
or expected time of neuraxial anesthesia.’” Unfractionated
heparin or LMWH can be restarted 4 to 6 h after vaginal
delivery or 6 to 12 h after cesarean delivery, unless there was
significant intraoperative or postpartum bleeding.”””’

BREASTFEEDING

Breastfeeding is not contraindicated for postpartum women
on unfractionated heparin or low molecular weight heparin.
Similarly, nursing mothers can safely take warfarin as there
is no evidence that it can exert an anticoagulant effect on the
breastfed infant. A small fraction of iodinated or gadolinium
contrast agents is secreted in maternal milk. Hence, women
who require neurovascular imaging are advised to discontinue
breastfeeding for 24 h after receiving intravenous contrast
agents and discard milk expressed during that interval before
starting normal breastfeeding.

Proanosis

For women with previous pregnancy-related stroke, the
recurrence rate during a subsequent pregnancy and postpartum
period is low (<1%).7""" This was demonstrated in a review of
441 women with a history of ischemic stroke (373 with arterial
ischemic stroke and 68 with cerebral venous thrombosis);
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after a follow-up of 5 years, there were 13 recurrent
arterial ischemic strokes and no recurrent cerebral venous
thrombosis."" The risk of recurrence during pregnancy or the
puerperium was 1.8%. Untreated ruptured brain arteriovenous
malformations (AVMs) are prone to rebleed with or without
pregnancy. In one study, the annual rate of hemorrhage
recurrence in women with a brain AVM was approximately
31% in the first year following an initial hemorrhage and 6%
in subsequent years.”* Hence, brain AVMs should be treated
by surgical excision or endovascular embolization in women
before deciding future pregnancy, if possible.

CoNncLuSION

Stroke during pregnancy and postpartum period, though
uncommon, has a significant maternal mortality morbidity
often leading to long-term consequences. Hence, one should
screen all pregnant women for major stroke risk factors and
keep a close watch on them during the peripartum period.
Pregnancy should not be a barrier to timely diagnosis, and
appropriate treatment of stroke and multidisciplinary working
can ensure favorable outcomes.
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